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Western Electric
Railway Train Dispatching
Telephone Systems

A development of Bell Telephone
Laboratories, Incorporated, The Re-
scarch Laboratories of the American
Telephone & Telegraph Company
and the Western Eleclric Company

No. 60AP Selector

INTRODUCTION

AILWAY Train Dispatching Telephone Equipment has proved indispensable as a quick and
reliable means of communication between the dispatcher and the various way station oper-
ators of a Train Dispatching System. The dispatcher can call selectively any one of a number of
way stations on the same telephone line without producing a signal at any of the cther stations.

The apparatus used in this equipment is the result of years of research and has back of it over
half a century of telephone manufacturing experience. This equipment represents the high-
est standards of design, engineering and workmanship. Its efficiency and reliability has been
proved under the most severe operating conditions.
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RAILWAY TRAIN DISPATCHING
TELEPHONE SYSTEMS

General Description

ODERN railroads are separated into divisions for the purpose of efficient dispatehing.
A division may be from 30 to 150 miles in length for busy multiple track roads or
from 100 1o 300 miles for single track roads where the daily traffic is light. On each division
there is a dispatcher who has control of all train movements on his division. There may be
from 15 to 75 stations or signal towers with which the dispatcher will want to communicate.
The dispatcher has a train sheet in front of him on which he keeps a record of the time of
arrival and departure or passing at each station of all trains whether passenger, freight or
extra. Also the train sheet shows the engine number, the make up of the train, and the
names of the crew. Whenever there is any change from the regular schedule, it is necessary
for him to issue a train order to the nearest station agents or signal men which in turn is
given to the trainmen. The usual method of giving a train order by telephone is as follows:
The dispatcher, as he gives the order over the telephone to the operator at the distant sta-
tion, writes the order in a log book and at the same time the way station operator writes the
order on duplicate forms for handing to the conductor and the engineer. As a check, the
operator always reads the order back over the telephone to the dispatcher who underlines
each word in the log book to indicate he has received the order back as originally given.
Often the order is taken by three or more operators at the same time; if so, cach reads it
back in turn and the dispatcher underlines his original order each time. In giving an order,
all important words and numbers are both pronounced and spelled out.

Although a train dispatching system is nothing more than a long and heavily loaded
selective party line, there were many new problems that had to be considered that are not
met with in the commercial telephone systems. It is necessary to operate a selective device
at each of the twenty-five, fifty or seventy-five way stations over a pair of wires up to 300
miles in length without interfering in any way with the telephone transmission. Of course,
each installation differs from every other one as to number of way stations and length of
line. To function under these varying couditions the selector must operate on very little
energy but on the other hand to warrant its use for this class of service the selector must
be very positive and reliable in its operation. If the line wires become open at any point,
the dispatcher must be able to call stations up to the open point even under the most severe
weather conditions.

The most modern selector, the Western Electric No. 60 type, is the standard on all rail-
roads in the United States and is used in nearly all countries of Europe and in Japan, China,
India, Africa, Australia, Canada and South American countries. This selector is a polarized
device somewhat similar in magnetic structure to a ringer and so arranged that the armature
on each plus and minus impulse advances a ratchet wheel one step. Although very sensi-
tive, the selector is rugged and will withstand rough handling.
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CHAPTER 1
LAYOUT OF SYSTEM

A Railway Train Dispatching Telephone System consists of a Dispatcher’s (sending) station and a num-
ber of Way or (receiving) stations.

The dispatcher’s station is equipped with telephone apparatus for receiving and transmitting messages.
This consists essentially of an apparatus case containing the various parts requlred for protection and oper-
ation and a key equipment for signalling each way station on the cireuif.

Each way station is equipped with telephonc apparatus for receiving and transmitting messages, and
also a sclector set for signalling and for receiving time signals.

For circuit arrangement of a Railway Train Dispatching Telephone System see pages 58 and 59.

Dispatcher’s Station Equipment

The following selector and telephone apparatus is recommended for the dispatcher’s station. The selec-
tion of the proper equipment depends upon the total number of way stations to be installed and also the type
of station selector sets and whether telephone apparatus with or without loud speaking telephone is required .

DISPATCHER’S SELECTOR APPARATUS
Quantity Apparatus

One— No. 60B Selector Apparatus Case.
One— No. 61A Selector Key (17 Unit Code) or
No. 61B Selector Key (27 Unit Code) or
One— No. 62A or No. 63A Selector Key (17 Unit Code) or
No. 62B or No. 63B Selector Key (27 Unit Code) or
One— No. 60A Selector Key Case (capacity 24 stations) or
No. 60B Selector Key Case (capacity 36 stations) or
No. 60C Selector Key Case (capacity 48 stations) or
No. 60D Selector Key Case (capacity 60 stations) or
No. 60E Selector Key Case (capacity 12 stations).
One— No. 60A Selector Key installed in above key case for each No. GOAP Selector installed at any
of the way stations.
One— No. 60B Sclector Key installed in above key case for each No. 60BP Selector installed at the
way stations.
NOTE: Where 60 Type Selector Keys are used, a 60B Selector Key is also required for each way station
extension bell installed.

DISPATCHER’S TELEPHONE APPARATUS—HEADSET OUTFIT
Quantity Apparatus

One— No. 502A Subscriber Set.

One— No. 345A Jack Box.

"Three—Each of the following:
No. 386 Transmitters equipped with No. 3A Transmitter Attachments.
No. 189 Receivers.
No. 565, 5’ 6’ Cords equipped with No. 137 Plugs.

One— No. 1B Foot Switch with

One— No. 1A or No. 1B Foot Switch Attachment and

One— No. 2A Foot Switch Attachment, (Conduit).

DISPATCHER'S TELEPHONE APPARATUS—LOUD SPEAKING

In addition to the telephone apparatus outlined in preceding paragraphs with the exception of the No.
1B Foot Switch, the following loud speaking telephone apparatus is recommended
Quantity Apparatus

DC CURRENT SUPPLY
One— No. 12A Loud Speaking Telephone Outfit.
One— No. 3B Foot Switch.
AC CURRENT SUPPLY

One— No. 6052A Amplifier (for 60 cycle, 110 volt) or,

No. 6040A Amplifier (for 25 cycle, 110 volt). One— No. 34G Resistance.
One— No. 579A Loud Speaking Telephone. One— No. 3B Foot Switch.
One— No. 147AC Transmitter Arm. One— No. 6017B Key.
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RAILWAY TRAIN DISPATCHING TELEPHONE SYSTEMS
Layout of System

Dispatcher’s Station Equipment
(Continued)

DISPATCHER’S TIME SENDING APPARATUS
One— No. 60A Time Sending Set.

DISPATCHER’S BATTERY REQUIREMENTS

One— No. 60B Vacuum Tube Rectifier, or Dry Cells, or Storage Cells, or Motor-Generator Set, as
required for main battery source.
Dry Cells for Local Relay Battery, 12 or 24 volts.
No. 2B Battery Box for above dry cells.
Transmitter Battery Requirements—4 to 5 volts.

DISPATCHER’S HAND GENERATOR BOX
One— No. 299F Hand Generator Box (for use in calling magneto portable or siding sets).

Way Station Equipment

The following Selector and Telephone Apparatus is recommended for cach way station. The sclection
of the proper equipment depends upon whether the selectors are to be used for regular line circuits or to be
operated through a repeating coil or transformer with or without extension sets; also, whether Loud Speaking
Telephones are required.

WAY STATION SELECTOR APPARATUS

Quantity Apparatus
One— No. 160C Selector Set for use without repeating coil or transformer, or,
No. 160R Selector Set for use with repeating coil or transformer.
One— No. 60AP Selector for use where extension bells are not required.
One— No. 60BP Selcctor for use where two- to four-party way station extension bells are required.
One— No. 127J Extension Bell for each way station extension, and when using the No. 60BP Selector.

WAY STATION TELEPHONE APPARATUS (Without Loud Speaking Telephones)
One— No. 501A Desk Set Box (sub-set—cquipped with key) or,
No. 501B Desk Set Box (sub-set—arranged for foot switch).
One— No. 1142AB Desk Stand, or,
No. 1120C Transmitter Arm, or,
No. 1148DA, DB, DC or DD Transmitter Arm, as required.
One— No. 3C Foot Switch with (for No. 501B Desk Set Box).
One— No. 1A or B Foot Switch Attachment, and
One— No. 2A Foot Switch Attachment (Conduit).

WAY STATION TELEPHONE APPARATUS (With Loud Speaking Telephones)
One— No. 501B Desk Set Box (sub-set).
One— No. 1142AB Desk Stand or 1148 Type Transmitter Arm.
One— No. 6052A Amplifier (60 cyeles, 110 volt) or,
No. 6040A Amplifier (25 cycles, 110 volt)}
One— No. 579A Loud Speaking Telephone.
One— No. 147AC Transmitter Arm.
One— No. 3D Foot Switch with
One— No. 1A or B Foot Switch Attachment, and
One— No. 2A Foot Switch Attachment,

WAY STATION EXTENSION BELL
One— No. 127J) Extension Bell, for each way station extension,

WAY STATION BATTERY REQUIREMENTS

Three—Dry Cells.
One— No. 1A Battery Box (for three dry cells).

WAY STATION PROTECTORS
As required—No. 58BP Protectors.


http:Seleet.or

Wesrern Electric 5

RAILWAY TRAIN DISPATCHING TELEPHONE SYSTEMS
Layout of System

Miscellaneous Equipment

Apparatus for miscellaneous purposes on Railway Train Dispatching Systems is described more fully in
the following pages. The most important of this type of equipment is as follows:

REPEATING COIL AND TRANSFORMER
Circuits equipped with 60 Type Selectors may be operated through 341A Transformers or 70A Repeat-

ing Coils. The advantages are as follows:

. To obtain a low resistance in the simplex telegraph leg.

. To operate two or more simplex selector circuits with a common battery supply.

. To operate one or more branch selector circuits from the main selector circuit without any metallic
connection to it.

. To allow two selector circuits to be used as side circuits for obtaining a composited or simplexed
phantom with the physical and phantom telephone and the telegraph circuits terminated at, the
same or different points, The circuit on page 26 shows a general way of obtaining these conditions.

SIDING TELEPHONE SETS
Quantity Apparatus

One— No. 1293BC Telephone set or,
No. 1317BU or DU Telephone Set or,
No. 1336F or H Telephone Set.

PORTABLE TELEPHONE SETS

One— No. 1330E or I' Telephone Sct or,
No. 1331E or I Telephone Set or,
No. 1332A or E Telephone Set.
One— No. 3 or 5 Line Pole.

TESTING APPARATUS
One— No. 608 Test Set.

B GO B =
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Schematic Wiring of No. 60B Selector Apparatus Case
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RAILWAY TRAIN DISPATCHING TELEPHONE SYSTEMS
CHAPTER I

DESCRIPTION, ADJUSTMENTS AND OPERATION OF SETS

GENERAL SEQUENCE OF OPERATIONS

The sending circuit arrangement is shown on puge 6.

The sequence of operation of the various parts of the system when a call is made is as follows: A selector
key operated by the dispatcher causes three groups of impulses to be sent over the line in such a manner
that only the sclector at the station called will be advanced to its ringing position. (Refer to page 6 for the
sending eircuit and puge 16 for the receiving circuit.) On operating the selector key, contact K1 (B4)-K3 is
closed continuously and the No. 221JB Relay is operated, connecting the main battery through the contacts
of the No. 26 A Relay and the two No. 152A Retardation Coils to the line wires L1 and L2; also, the key con-
tact K1 (B4)-K2 is closed intermittently, operating the pole-changer relay (No. 26A) to send a sequence of
reverse impulses to the line. This sequence of impulses, while operating all selectors on the line, will advance
only the code wheel of the sclector at the station called so as to close its local bell eireuit. The bell at that
station will ring for about two seconds, then another impulse from the calling key will release the selector
and open the bell eircuit. While the bell is ringing a tone or answer-back will be heard in the receiver notifying
the dispatcher that the signal is operating.

Dispatcher’s Selector Equipment

60B SELECTOR APPARATUS CASE

This case contains all the calling apparatus at the
Dispatcher’s Station except the selector keys in ordi-
nary installations. It isa metal cabinet approximately
18" high by 16" wide by 614" deep arranged for wall
mounting. It is completely wired and provided with
terminals for connecting the battery lines and selector
keys as shown on page 6.

A short description of the apparatus contained in it

No. 60B Selector Apparatus Case —Open follows:
1-—No. 2B Circuit Breaker 1-—No. 26A Telegraph Relay.
1—No. 221JB Relay. 2—No. 152A Retardation Coils.
1—No. 141A Conilenser. 4—No. 138B Condensers.
1—No. 629A Mounting Plate. 1—No. 138A Condenser.
4—No. 63C Resistances, 1-—No. 631 Resistance.

The No. 2B Circuit Breaker is to open the main current supply lead if an excessive amount, of current
flows from the main battery, such as is caused by a short on the line or in any part of the sending circuit.
The resistance of the circuit breaker is 2 ohms and it is normally adjusted to operate on 0.6 ampere and to
non-operate on 0.4 ampere. These values can be increased or decreased by adjusting the air gap between
the armature and the magnet by means of a knurled nut at the extreme end of the magnet. The circuit
breaker when operated closes a local contact C1-C2. Any local alarm circuit can he connected as desired to
terminals C1-C2.

The No. 221JB Relay is to connect the sending cireuit to the line at, the beginning of the operation of
the selector key, and to disconnect the sending cireuit again at the end of the operation of the selector key.
‘This relay remains operated during the whole operation of the selector key. This relay has a normally closed
contact that may be used for connecting an extension bell across the line as indieated on page 6. The re-
sistance of the relay is 335 ohms and it should receive from .024 to .036 ampere of enrrent for operation.

The No. 26A Telegraph Relay (pole changer) is to reverse the polarity of the main bhattery so that
each succeeding impulse sent over the line is in the opposite direction to the preceding one. The resistance
of the relay is 25 ohms. It should reccive from 0.32 to (.48 ampere of current for operation.

The No. 152A Retardation Coils and the No. 138B (114 mf) Condensers are to simooth out the
impulses of the current used for operating the sclectors while calling, so as not to cause an objectionably
sharp click in the receiver, but merely a dull thump that is not objectionable and does not interfere with the
telephone transmission. The resistance of these coils is 20 ohms each, or a total of 40 ohms for the two coils.
The No. 138A and No. 141A Condensers with resistances are for spark “take-up.”
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Dispatcher’s Selector Equipment (Continued)

The No. 58BP Protectors which are furnished with this apparatus case should be used to protect the
inside apparatus against damage from high voltages by providing a shunt path from each side of the line
through an air gap between the blocks to a ground connection. The spacing between the blocks of the pro-
tector is such that a breakdown will occur on an average of 700 volts, thus a low impedance path is provided
to lead the high voltages off to ground rather than through the calling or telephone apparatus.

Selector Keys

No. 60A Selector Key No. 61A Selector Key

GENERAL

The function of the selector key is to control the operation of the stick relay (No. 221JB) and the pole-
changer relay (No. 264A), so that the necessary sequence of current impulses to operate the selector at the
station desired will be transmitted to the main line wires, see page 6.

There are three types of keys that may be used, (1) the 60 type selector key requiring an individual key
for each selector, (2) the 61 type selector key provided with lever arms for setting the code as required when
inaking a call, and (3) the 62 and 63 type selector keys provided with small button keys for setting the code
as required when making a eall.

No. 60 TYPE SELECTOR KEYS

The 60 type are individual keys having a clock spring operating an impulse wheel through a train of
gears, with the speed controlled by a governor.

The keys are mounted in oak cases (page 94) coded Nos. 604, B, C, D and It Selector ey Cases for
mounting 24, 36, 48, 60 or 12 No. 60A or 60B Sclector Keys or No. 50A Selector Key Space, respectively.

The No. 60 1'ype Selector Keys mount in the No. 60 Type Selector Key Case and can easily be removed
with a serew driver by turning the screw under the handle counter cloekwise. The keys, when mounted,
make contact with the springs in the back of the key case. When a key is operated by turning the handle
one-quarter turn and then releasing, it should return automatically to its normal position. The speed at
which it returns can be inereased or decreased by bending in or out the springs which carry the weights of
the regulating governor.

No. 60A SELECTOR KEY

The No. 60A Selector Key is for use with the No. 60AP Selector when set for the code numbers given
in Table No. 1 (page 10). It may be set for any of the code numbers given in Table No. 1 by adjusting its
segments as described in detail hereafter. In this series of settings the total number of current impulses for
any code is seventeen. The governor springs for the No. 60A Selector Key is so adjusted that the impulse
wheel will mmake one revolution in nof, less than 714 sceonds and not more than 8 seconds.

No. 60B SELECTOR KEY

The No. 60B Sclector Key is for use with the No. 60AP Selector when set for the code numbers in Table
No. 2 (page 10), and with the No. 60BP Selector when set for the code numbers given in Table No. 1 for the
No. 60BP Selector. It may be set for any of the code numbers given in Table No. 2 or 1, by the adjust-
ment]of its segments in a manner similar to that explained in detail for the No. 60A Selector Key, with the
exception]that the total number of impulses is increased by 10 for the 27 step code settings of the No. 60AP
Selector and that a flat segment is used to reduce the total number of impulses to 17, 19, 21 or 23 for the
A, B, C and D contacts for the 17 step No. 60BP Selector. The governor springs for the No. 60B Selector
Key are so adjusted that the impulse wheel will make one revolution in not less than 9 seconds and not
more than 914 seconds.
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Selector Keys (Continued)

METHOD OF SETTING CODES FOR No. 60 TYPE KEYS

In setting the segments on the impulse wheel of the key, each closure and each opening of the contacts
count. one. Two styles of segments are provided, one a flat segment which closes the contacts while the
inner spring passes over it; the other segment with a bent-up part which engages with the insulated piece
on the outer spring, raising this spring sufficiently to keep the contacts open while the outer spring passes
over.

Each key requires two segments to give the three sets of impulses. If the first number in the code is
odd, a flat segment is required, while a segment with the bent-up part is required if the first number is even.
If the last number in the code is even, a flat segmeut is required, while a segment with the bent-up part is
required if the last number is odd. Thus two like segments or one of each kind may be required to give the
code setting. The first segment, is set so that the inner contact spring, in passing over the first set of teeth
on the 1mpulse wheel gives the number of closures and openings of the contacts represented by the first
number in the code, The other segment is set so that the contact springs, in passing over the third set of
teeth on the impulse wheel, give the number of closures and openings of the contacts as represented by the
last number in the code, Since the total number of impulses for any three digit code combination is always
the same in the same table, it follows that if the first and the last numbers are set the middle one will be
automatically determined.

Tor example, to set the No. 60A Selector ey for selecting stalion 8-5—4, begin at the first tooth and
count 8 (first number in code) in a clockwise direction, counting one for each tooth and one for each space, in
this case 4 teeth and 4 spaces. As the last count was a space, take a segment with the bent-up part and place
it so as to keep the contact in the same position while passing over the segment, as on the last count. This
segment is sct approximately flush with the edge of the next tooth, so that the outside contact spring will
be off this segment before the inner contact spring strikes the next tooth. !

To set the other segment, begin at the ringing position and count 4 (last number in code) in a counter-
clockwise direction, counting one for each space and one for each tooth, in this case two spaces and two
teeth. As the last count was on a {ooth, set the edge of a flat segment on the center of this tooth. The
number of closures and openings of the contact while the inuer contact spring passes between the two scg-
ments, is the middle number in the code (5 in this case).

METHOD OF SETTING No. 60 TYPE KEYS FOR TIME SENDING

To set the No. 60A Sclector Key so that all No. 60AP Selectors will be advanced to their time receiving
position, place a flat segment bridging from the center of the first tooth to the center of the fourth tooth.
This gives, after the ﬁlet long 1mpulbe, 22 regular impulses in succession.

The No. 60B Selcctor Key is set in a similar manner except the total number of impulses is 27 for the
station codes, Table No. 2, page 10, and 32 total impulses for time sending,.

No. 61A SELECTOR KEY

The No. 61A Selector Key is for use as a master key at test boards and switchboards; also at way sta-
tions on intercalling circuits. It may be set for any of the code numbers given in Table No. 1 for all selectors
set for the 17 step code by moving the levers, extending through the cover, to the code desired. As in the
case of the No. 60 Type Keys, the middle number of the code is automatically determined by setting the
first and the third numbers.

The first lever on the left side is used only with the No. 60BP Selector and normally is placed for station
“A” and should be left in this position when used in connection with the No. 60AP Selectors. When used
with the No. 60BP Selectors it should be moved to the B, C and D position, corresponding with the code
of the station desired.

To make a call, the second lever is placed opposite the first number of the code of the selector desired.
The third lever is placed opposite the last number of the code of the sclector desired. The right lever is then
moved down to the bottom of its slot and released. The key then operates to give the same sequence of
impulses as the No. 60A Key.

The No. 61A Selector Key may be set to call all stations on the line equipped with No. 60AP Selectors
(17 step) and all stations connected to the “A’ contact of the No. 60BP Selectors (17 step by setting the
second and third levers each on zero. The key then sends out 17 consecutive impulses to step all selectors
to the first ringing contact.

The No. 61A Selector key makes one complete operation in 714 to 8 seconds. The speed is changed by
bending the governor springs, at the right end, in to increase and out to decrease the speed.

Three terminals on the bottom, designated K1, K2 and K3, connect to the corresponding terminals in
the No. 60B Selcctor Apparatus Case shown on page 6.

No. 61B SELECTOR KEY

The No. 61B Selector Key is similar to the No. 61A Selector Key except it is arranged for the code
numbers given in Table No. 2 (page 10) for selectors set for the 27 step code. The key makes one complete
operation in 9 to 914 seconds.
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CODE SETTINGS FOR SELECTORS
TABLE No. 1
Total Steps in Each Code—17.
Total code setlings for the No. GOAP Selector—78.
Code settings for the No. 6OBP Selector with No. GOAP Seleclors on the same line are marked with a star—:28.
Additional cade seltings for the No. 60BP Selector with no No. 60AP Selectors an the same line are marlked with

a dot—18.
4-2-11
4-3-10 .5-2-10
4-4-9 _5-3-9
4-5-8 5-4-8 *7-2-8
1-6-7 5-2-T #7.3-7 #8-2-T
1-7-6 5-6-6 *7-4-6 #8-3-6 #*9-2-6
4-8-5 B=7-5 *7-5-5 #8-4-5 *9-3-5
4-9-4 H-8-4 64 #8-5-4 #9.4-4
- 4-10-3 5-9-3 F7-7-3 *8-6-3 #9-5-3
.3-12-2 4-11-2 5-10-2 #T-8-2 #§-T-2 *9-6-2
+12-2.3
#12-3-2 #13-2-2
TABLE No. 2

Total Steps in Each Code—27.

Tatal Code settings for the No. 60AP Selector—241.

Code settings for the No. 60BP Selector with No. GOAP Sclectors on the same line are marked with a star—147.
Additional seltings for the No. 60BP Selector with no No. 60AP Selectors on the same line are marked with a

dot—38.
2-5-20 .3-1-20 4-3-20 .5-2-20
2-6-19 .3-5-19 4-4-19 5-3-19 6-2-19
2-7-18 4-5-18 5-4-18 6-3-18
2-8-17 4-6-17 5-5-17 6-4-17
2-9-16 4-7-16 5-6-16 6-5-16
2-10-15 4-8-15 5-7-15 6-6-15
2-11-14 .5-8-14 6-7-14
2-12-1: L =9-13 6-8-113
2-13-12 5-10-12 6-9-12
2-14-11 .5-11-11 6-10-11
2-15-10 .5-12-10 6-11-10
2-16-9 .5-13-9 6-12-9
2-17-8 .5-14-8 6-13-8
.5-15-7 6-14-7

. 5-16-6 6$-15-6
L 5-17-5 6-16-5
.5-18-4 6-17-4
L5-19-3 6-18-3
.5-20-2 (-19-2
#10-2-15
#10-3-14
& 10—4-{ 3 ¥ i:zz-%-l 3
#10-5-12 #12-3-12
#10-6-11 #12-4-11 #14-2-11
#10-7-10 #12-5-10 #14-3-10 *15-2-10
#10-8-9 #12-6-9 #14-4-9 #15-3-9
#10-9-8 H12-T-8 *14-5-8 #15-4-8
#10-10-7 #12-8-7 #14-6-7 *15-5-7
#10-11-6 #12.9-6 14-T-6 *15-6-6
#10-12-5 #12-10-5 #14-8~5 #15-7-H
#*10-13-4 #12-11-4 #14-9-4 *15-8-4
. #10-14-3 12-12- #14-10-3 *15-9-3
#9-16-2 #10-15-2 12-13-2 #14-11-2 *15-10-2
#16-2-9
*16-3-8 :17-‘.;-8
#16-4-7 *17-3-7
#16-5-6 #17-4-6
*16-6-5 * 13-5—5
*16-7-4 F1T7-6-4
*16-8-3 FLT-T4
*16-9-3 *17-8-2 L E ()
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Selector Keys (Continued)

No. 62A Selector Key No. 63B Selector Key

Nos. 62 AND 63 TYPE SELECTOR KEYS

_ _These selector keys are master calling keis arranged to operate any or all selectors on a line to their
ringing position by pushing one small locking key in each of the two groups of keys.

The Nos. 62A and 62B Selector Keys are arranged for desk or table mounting, and the main apparatus
unit is arranged so that it can be removed from its base by means of a jack connection (see page 12). The
overall dimensions are approximately 1214 high, 1014 wide, 614" deep. The metal frame and cover are
finished in black.

The Nos. 63A and 63B Selector Keys are arranged for mounting in the face equipment of a 604 PBX
switchboard between the stiles (1014’ face mounting) and are arranged so that they may be removed from
the face equipment of the switchboard either from the front or rear. The metal frame and cover are finished
in aluminum. The overall dimensions of the keys are approximately 1034" high, 934’ wide, 614" deep.

The Nos. 62A and 63A Selector Keys provide means for calling all selectors in the 17 step selector
code as given in Table No. 1, page 10. These keys have two groups of 14 keys cach and one group of 7 keys.

The Nos. 62B and 63B Selector Keys provide means for calling all selectors in the 27 step selector
code as given in Table No. 2, page 10. These keys have two groups of 21 keys each and one group of 7 keys.

Operation

The operating principle is the same for each type and capacity. With the manually operated selector
keys, a separate key is used to call each selector. With the new key unit, it is possible to call every selector
within the capacity of the unit by depressing combinations of push keys in the face of the ke{y cabinet. The
process of calling any given selector consists of depressing a button in the top (red) group of push keys cor-
responding to the first number in the desired code, and a second push key in the middle (white) group cor-
responding to the last number in the selector code. Upon depressing the second push key, circuits are set
up which cause a motor-driven brush to sweep around a series of segments arranged in a circle. Page 12
shows this mechanism clearly. The operation of the push keys further establishes connections to certain
segments so that as the brush revolves the correct sequence of mmpulses is sent out for operating the selector
whose code number is being called.

A small lamp located behind the square space in the lower center of the designation card remains lighted
while the key is in operation.

The black keys designated A, B, C and D in the bottom row of both capacities of the key unit make it
possible to produce selective ringing at the called selector. In other words, by depressing one of the four
“letter” keys in question, the called selector will ring independently one of tour annunciator bells local to
the selector.

A schematie diagram of the smaller eapacity key is shown on page 13.
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Selector Keys (Continued)

No. 62A Selector Key ~Rear View, cover removed

Drive

TEach sclector key also has a distributor panel with a telechron motor driving a brush arm, carrying a
brush which wipes over a commutator consisting of 70 small segments. On the front of this panel a desig-
nation card is provided for listing the keys to be operated to make the selector call for each station.

110-120 volts, 50-60 cycles is required for the operation of the Telechron motor used in these selector
keys. This current is connected directly to the terminals in the base of the Nos. 62A and 62B Selector Keys,
and through a No. 335B Transformer for the Nos. 63A and 63B Selector Keys. For the Nos. 63A and 63B
Selector Keys, the No. 3358 Transformer must be ordered separately and is used to step down the voltage
to 24 volts so as not to require special insulation in the wiring for the keys in the PBX switchboard. The
selector keys are arranged to use either 12 or 24 volts D.C. for the local operation of the relays and lamp.
When a 24 volt battery is used, the strap shunting the 45 ohm resistor must be removed.

Features and Advantages

1. All selectors may be set for receiving time signals by depressing key No. 1 in the first: (red) group
and key No. 1 in the second (white) group.

2. All selectors may be operated for a master call by depressing key No. 0 in the first (red) group and
key No. 0 in the second (white) group.

3. Selectors may be called in groups by depressing corresponding keys in the first and second groups
of keys.

4. Since the keys used for calling arc of the locking type, the last keys opcrated indicate the last call
made.

5. If it is desired to repeat the call of any given selector, it may be accomplished by depressing the
black key “S.” :

6. Should the operator for any reason wish to prolong the ringing of the bell at a station, this can be :
accomplished by holding the “L”” and “R” keys in the operated position as soon as the “answer :
back” tone is heard.

7. H, after a call is started, it is desired to break it up, this may be done by pushing the “R’ key which
will prevent the impulses from going out. |

8. The new selector key unit is extremely flexible in that only one unit is necessary to call any number
of selectors within the capacity of the unit. When, in the course of time, additional selectors, within
the capacity of the unit, are added to the system they are handled by the original key without any
changes or additions.

9. The new selector key is interchangeable with the present Western Electric Nos. 60 and 61 Type
Selector Keys and may be connected in multiple by connecting like terminals together, or may be
substituted entirely for them.

10. One dispatcher, from a given position using a single key unit, may operate two or more systems
during light load since the same key need simply be switched from one system to another as desired.

11. Uniformity of impulse sending is insured by the use of a synchronous motor sweeping a brush arm |
over uniformly spaced contact segments.

2. Th«;,1 key is entirely sell contained, all relays and other mechanism being mounted compactly within |
its housing.
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No. 60A Time Sending Set
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Schematic of No. 60A Time Sending Set

No. 60A Time Sending Set

No. 60A TIME SENDING SET

In addition to the operation of selecting a station as deseribed for the No. 60AP selector, the selector
is provided with a second or time ringing terminal for receiving time. For this purpose a time sending set
is used with the No. 60B Selector Apparatus Case for sending the time signals over selector circuits. The set.
consists of a No. 149AN and an R1971 Relay, a switch, and four No. 63C Resistances mounted in a black
finished steel case approximately 614" x 614" x 614",

For normal operation of the circuit, the time switch is operated to the “calling position”. When it is
desired to send time signals, a Selector Key set to send 22 consecutive impulses for the 17 step code or 32
impulses for the 27 step code is operated. This steps all the code wheels of the No. 60AP Sclectors on the
circuit up to the time receiving position (code wheel contact within one step of closing the second or time
contact) where it is retained by an insulated ‘“time arm’. The time switch is then operated to the ‘‘time
position”, This completes the circuit between terminals X1 and K3 and connects K2 to the pulsing contact
of the R1971 Relay. Closing circuit to terminals K1 and K3 operates the No. 221JB Relay which connects
the main battery to the line. Then as a time-repeating relay in the telegraph circuit operates and completes
the circuit between terminals T1 and T2, the R1971 Relay will operate and on the opening of the T1-T2
Circuit, the No. 149AN Relay will operate. On the second closure of the T1-T2 Circuit, the R1971 Relay
will release and on the second opening of the T1-T2 Circuit the No. 149AN Relay will release.

Thus on the first closure of the T1-T2 Circuit the No. 26A Relay in the selector apparatus case will be
operated by the closure of the pulsing contact of the R1971 Relay and send out & positive pulse on the line
to advance all the No. 60AP Selectors one step. This momentarily closes the time contacts on all selectors
and causes all bells to tap. The selectors on the line then fall back to a position within one step of closing
the time contact and are held there as before by the “time arm” engaging with the holding spring.

Then as the time-repeating relay operates a second time to close the T1-T2 Circuit the pulsing contact
of the R1971 Relay will be opened and release the No. 26A Relay to send out an impulse of the opposite
polarity over the line, operating all the No. 60AP Selectors and causing all bells to tap as before. This
series of operations is repeated for each two operations of the time-repeating relay, thus causing the bell to
tap once each time the time-repeating relay operates.

The No. 149AN Relay is sufficiently slow release to prevent the time sending set from pulsing fast
enough to cause the No. 60AP Selectors on the line to step off the “time arm’ if the time sending set is
connected to the time-repeating relay when telegraph impulses are being sent.

After the time signals have been sent, the time switch is operated to the selector ealling position. The
selectors on the line are then stepped off the “time arm” by the sending of four impulses or the operation
of any selector key. The circuit is then in condition for regular calling.

The time sending set functions on the local battery of either 12 or 24 volts. The “time arm” of the
No. 60AP Selector is insulated from the bell circuit to open the answer-back circuit and thus prevent the
tone from interfering with telephone conversation while time signals are being sent.
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Dispatcher’s Telephone Equipment

No. 502A SUBSCRIBER SET

The No. 502A Subscriber Set is a high efficiency set, designed
with an anti-side tone feature arranged so that the dispatcher is
at all times insulated from the line.

As the dispatcher wears his receiver continuously, his battery
circuit is closed a large portion of the time. With the anti-side
tone feature, the dispatcher’s voice and other noises in the dis-
pateher’s office are kept out of his receiver.

The two induction coils in the set insulate the dispatcher’s tele-
phone equipment from the line. These coils have a break-down
test of approximately 1000 volts AC.

e The arrangement of the condensers keeps down the thumps
from signalling impulses, thus protecting the dispatcher’s ears.

No. 502A Sub. Set

No. 345A JACK BOX

The No. 345A Jack Box permits the use of two operators’ tele-
phone sets in parallel.

No. 345A Jack Box

Way Station Selector Equipment

No. 60AP Selector No. 60BP Selector

SELECTOR SETS
No. 160C Selector Set.
No. 160RR Selector Set,.

The No. 160C Selector Set replaces the Nos. 160AC and 160BC Selector Sets, and the No. 160R Selector
Set replaces the Nos. 160AR and 160BR Selector Sets formerly {urnished.

The sets are arranged to hold the selector and are completely wired and Cprovided with terminals for
connecting the line and local battery wires, as shown on page 16, for the No. 160C Selector Set when equipped
with a No. 60AP Selector, and the 160R Selector Set when equipped with a No. 60BP Selector.

The Nos. 160C and 160R Selector Sets do not include the No. 60AP or No. 60BP Selector as part of
the equipment. The selector desired must be ordered separately.

No. 160C SELECTOR SET
The No. 160C Selector Set is for use on standard circuits where condensers are required in series with
the No. 60AP or No. 60BP Selector.

No. 160R SELECTOR SET

The No. 160R Selector Set is for use in a repeating coil eircuit where no condenser is required in series
with th«zselector. This set is the same as the No. 160C Selector Set except that the No. 138B Condenser
is omitted.
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Way Station Selector Equipment (Continued)
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No. 60CG RINGER

The function of the No. 60CG Ringer which is a part of the above selector sets is to signal the way
station operator and also to give the time signals. This ringer is a vibrating direct current type, operating
from the transmitter battery and is provided with contact springs for opening its own circuit intermittently.

The resistance of each ringer spool is 8 ohms and the ringer is adjusted to operate on the same hattery
as the telephone equipment.

60 TYPE SELECTORS
General

The function of the sclector is to provide a quick and reliable means to call selectively one of a large
number of way stations on the same telephone line without producing a signal at the other stations.

The D.C. resistance of the 60 Type Selector is 21,000 ohms. The selector may be operated in series
with a 114 or 14 mf condenser or through a No. 341A Transformer or No. 70A Repeating Coil without a
condenser. The impedance of the selector and condenser at the operating frequency of 314 cycles is ap-
proximately 35,000 ohms. The impedance of the selector at talking frequency, 800 cycles per second, is
gipproﬁir_nb:}tely 2 megohms., Thus the loss in telephone transmission due to the selector bridge on the line
is neghigible.

No. 60AP SELECTOR (Not included with selector sets)

The No. B0AP Selector, shown on page 15, is of the step-by-step type and is operated by a definite code
or sequence of alternating or reverse current impulses. It consists of a mechanism unit mounted on a magnet
unit with a bakelite base and a glass cover.

The code wheels are set so that the same total number of steps is necessary to advance the code wheel
to the ringing position on all selectors that are to be used on the same line.. With the number of holes pro-
vided in the code wheel, this number of total steps may be any number from 8 to 32, which number would
give a total of 6 to 378 code settings, respectively. The No. 60AP Selector, however, is normally set for a
total of 17 steps which number gives a total of 78 code settings. Unless selectors are ordered for some other
code setting than those given in Table No. 1, page 10, the selector is not stepped up by 17 consecutive
impulses when selecting a station but by 3 sets of successive impulses totalling 17 in number as indicated
in Table No. 1. (This number of impulses, 17, does not count the restoring impulse.)

The code pins on each selector are located so that after the first set of impulses the code wheel will
be in position for the holding spring to engage with the first code pin. The second code pin is located so
that after the second set of impulses the code wheel will be in position for the holding spring to engage with
the second code pin. The third set of impulses then advances the code wheel so that the permanent code
pin is in position to engage with the holding spring and at the same time the contact spring is directly over
and makes contact with the first ringing terminal thus completing the bell circuit. Each selector is capable
of being set for any station number given in Table No. 1, page 10, without any change other than the loca-
tion of the two code pins in the code wheel.

In order to take care of cases where a greater number of code settings are required than those given in
Table No. 1, the code settings for a No. 60AP Selector for 27 total steps in each code are given in Table
No. 2, page 10, which gives a total of 241 code settings.
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Way Station Selector Equipment (Continued)

No. 60BP SELECTOR (Not included with selector sets)

The No. 60BP Sclector, page 15, is known as the multiple contact selector and differs from the No.
H0AP Selector in that it is equipped with four selector ringing terminals instead of one so that any one of
four local signal circuits can be closed by the same selector independently. Also, the selector is not equipped
with a terminal for receciving time signals.

The method of setting the code numbers and the method of operation are the same as described for
the No. 60AP Selector.

The terminals on the No. 60BP Sclector are known by the letters A, B, C and D. Terminal A is the
first terminal engaged by the contact spring on the code wheel as the code wheel is advanced. The last
group of impulses in the code setting for selecting the first or A contact, is increased by two impulses to
sclect the B contact, four impulses to sclect the C contact, and six impulses to select the D contact. The
numbers marked on the code card on the selector indicate the code setting for the A contact. TFor example,
a selector having a code setting of 8-5-4 for the first contact will be marked 8-5-4 and the contacts will be
known as 8-5-4 A, 8-5-4 B, 8-5-4 C and 8-5-4 D.

No. 127J) Extension Bell

No. 501A Type Desk Set Box

Cover Removed

No. 160 Type Selector Set

No. 127J EXTENSION BELL

This bell is used as an extension signal in connection with the No. 60BP Selector. The No. 60CG
Ringer in the No. 160C or R Selector Set. in which the No. 60BP Selcctor is mounted, gives a signal for the
first or A ringing terminal. One of these extension bells is required for each signal desired in addition to
the one in the selector set.

The No. 127J Extension Bell consists of a No. 60CG Ringer and a condenser mounted in an oak box.
These sets are arranged to be connected directly to the terminals in the No. 160C or R Selector Set as follows:

Terminal L2 of the extension bell to be connected to terminal 1.2 in the selector set. Terminal B2 of
the extension bell to be connected to terminal B2 in the selector set. Terminal S of the extension bLell to be
connected to terminal 3 or 4 or 5 on the base of the G0BP Selector as desired. These connections are shown
on a circuit label furnished with the selector set and shown on page 16.

Way Station Telephone Equipment

No. 501 TYPE DESK SET BOXES

The Nos. 501A and B Desk Set Boxes arc high efficiency sets designed for use on lines where a large
number of sets are required. The secondary of the induction coil, in series with the condenser is permanently
bridged aeross the line, so that the characteristies of the line do not materially change whether one or all of
the stations are listening in at the same time. This also insulates the operator from the line as the telephone
equipment is connected to the primary of the induction coil. The induction coil has a breakdown of approxi-
mately 1000 volts A.C. between the windings.

When the switch of the desk set box is closed to the transmitting position, the receiver is not cut out
entirely, but is left across part of the coil so that the dispatcher can, in case of error, break in on an operator
repeating an order.

In the No. 501\ Set, the key for switching from listening to talking position is included in the box.
The No. 501B Set is the same as the No. 501A, except that the key is omitted, the wiring being brought to
terminals in the set so that a foot switch or separate key can be used.
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Way Station Equipment (Continued)

Protection of Way Station Equipment

The function of the protector is to protect the inside apparatus against damage from high voltages by
providing a shunt path from each side of the line through an air gap between the blocks to a well established
ground connection. It is important that this ground connection be well and permanently made. A fuse
in each side of the line is also provided to guard the drop wires against abnormal currents, Seven ampere
fuses are generally used.

'If‘he No. 58BP Protector connected between the 60B Selector Apparatus Case and the line wires eon-
sist o

1—No. 298 Protector Mounting—for Blocks

1-—No. 16 Protector Mounting--for Fuses

1—No. 48 Protector Mounting-——Asbestos Pad

2-No. 11C Fuses—7 ampere

2 - No. 26 Protector Blocks—Hard Carbon

2-—No. 30 Protector Blocks—Porcelain with carbon insert

No. 58BP Protector

The spacing between the blocks is such that a break down will oceur on an average of 700 volts. Thus
a low impedance path is provided to lead the high voltages off to ground rather than through the calling or
telephone apparatus. Damage to the apparatus is thercby avoided.

The fuses should always be connected on the line side and the blocks on the station side.

Loud Speaking Telephone Equipment

NTLIOZA SUBSCHIRER SET
NOLAY
MOUETION Cil

.25
voLts

|
|
N &

L1ab8
CONDENSER]

s
‘ waswa L.

COMDENSER T~
T

No. 579A Loud Specaking
Telephone

S coenammy | D
»

Schematic of Dispatcher’s Loud Speaking Telephone Equipment P

Dispatcher and Way Station

The loud speaking telephone amplifier is for use in Dispatcher’s office, signal towers, and way stations
to supplement the usual telephone outfit. It is designed to amplify the incoming conversation, so that the
loud speaking telephone connected to it will produce sufficient volume to be heard at a distance of several
fect, thus relieving the dispatcher or operator of the necessity of wearing a head set. The equipment is
divided into two classes, that which is for use in dispatchers’ offices and that which is for usc at signal towers
and way stations.
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Loud Speaking Telephone Equipment (Continued)
DISPATCHER’S EQUIPMENT
The following loud speaking telephone equipment may be used in the Dispatcher’s Office:

D.C. CURRENT SUPPLY "

1—No. 12A Loud Speaking Telephone Outfit
1—No. 345A Jack Box
1—No. 3B Foot Switch

A.C. CURRENT SUPPLY

1—No. 6052A Ampliﬁcr (for 60 cycle, 110 volt) or, 1—No. 34G Resistance.
No. 6040A Amplifier (for 25 cycle, 110 volt). 1-—No. 3B Foot Switch.
1-—No. 579A Loud Speaking Telephone. 1-—No. 6017B Key.
1—No. 147AC Transmitter Arm. 1—No. 345A Jack Box.
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Schematic of Way Station Loud Speaking Telephone Equipment

No. 12A LOUD SPEAKING TELEPHONE OUTFIT

The No. 12A Loud Speaking Telephone outfit consists of a No. 519A Subscribers Set, a No. 216A
Vacuum Tube, and a No. 543W Loud Speaking Telephone. This Outfit is designed for use at Dispatchers’
Stations and is operated on a direct current power supply.

Note: A No. 579 Loud Speaking Telephone or a KS-6368 Horn with a No. 549 Receiver may be used
in place of the No. 543W Receiver in this outfit.

No. 6040A Amplifier
No. 6052A Amplifier

No. 6052A AMPLIFIER

The No. 6052A Amplifier consists of a No. 52A Amplifier and two No. 205D Vacuum Tubes and may be
used at either dispatcher or way stations. It is a single stage audio frequency amplifier with a self-contained
current supply set operating from 110 volts 60 cycle AC supply. The powsr consumption is approximately
40 watts. No batteries are required for its operation.
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Dispatcher & Way Station Equipment (Continued)

The apparatus is contained in a rectangular metal box approximately 11" long, 934" wide and 934"

high and is provided with a carrying handle. A cord switch and plug are provided for connecting to the 110
volt 60 cycle AC supply.

The amplification given by this amplifier is, in general, sufficient to give satisfactory loud speaking tele-
phone operation where good volume is obtained from the head set and where the line and external noises
are not excessive,

The input impedance of the amnplifier is such that a relatively large number of amplifiers may be cou-
nected across the telephone hne without introducing excessive losses which might interfere with conversa-
tions carried on between stations at extremie ends of the line. Also, in view of the possible use of the line
for selector operation, the input impedance of the amplifier has been so arranged that it will not offer any
considerable shunting effect to the selector currents.

When working from an impedance of 900 ohms, the gain of the amplifier 1s approximately 25 db at
1000 cycles. The output impedance is 4000 ohms.

The amplifier is designed for connecting across a telephone line where it will remain in operation at all
times. When the operator desires to talk, the loud speaker may be made partially inoperative by means of a
foot switch arranged to short circuit the output of the amplifier. The loud speaker and the foot switch are
not a part of this amplifier.

The typical connection diagrams for this amplifier are shown on pages 18 and 19.

No. 6040A AMPLIFIER

The No. 6040A Amplifier used for train dispatching operates on 110 volt 25 eycle AC power supply
eircuits. It is otherwise the same clectrically as the No. 6052A and may also be used at either dispatcher
or way stations. It uses two No. 205D Vacuum Tubes as does the No. 6052A and is enclosed in a brown
japan finished metal box about 1114” x 10" x 914",

No. 579A LOUD SPEAKING TELEPHONE

The No. 579A Loud Speaking Telephone consists of a No. 570A Loud Speaking Telephone mounted
in a black finished cone shaped metal case approximately 10" in diameter and 414’ thick. It has a grilled
front backed by a wire screen. IHustration page 18.

It is intended to mount on a No. 147AC Transmitter Arm and is arranged to take any cord equipped
with No. 80 Cord Tips.

No. 543W LOUD SPEAKING TELEPHONE

The No. 543W Loud Speaking Telephone consists of a brass base similar to a desk stand base, equipped
with a black finished fibre horn 2024’ high.

The base is equipped with a Iclt cushion covering on the bottom, a hole is provided in the base for
adjustment of the receiver unit. The No. 545 Receiver and the No. 762 Cord form parts of this loud speak-
ing telephone.

No. 3B AND Neo. 3D FOOT SWITCHES

The No. 3B Foot Switch at the dispatcher’s station and the No. 3D Foot Switch at the way station,
are for use in disconrecting the transmitter from the line, and also changes the value of the shunting re-
sistance across the output of the amplifier, as described below. The switch must bc depressed to talk and
released to receive, although at the dispatcher’s station reception for “break in’’ purposes at a reduced
volume may be had while the switch is depressed.

No. 34G RESISTANCE

The No. 34G Resistance at the dispatcher’s station is for use in providing an adjustment for the loud
speaker volume.

The connections to the No. 34C: Resistance at the dispatcher’s station are shown on page 18. The
connections at ““1”’ and “2” should be determined in the following manner:

With the power supply turned on, and the No. 6017B Key depressed, any talk on the line should be
heard in the loud speaker, the volume of which can now be adjusted to a satisfactory level by placing con-
nection No. 1 on a su1tabfe tap. The proper tap will generally be one of the last two or three or it may be
that the full output of the amplifier is required, in which case this connection may be left off altogether.

The proper tap for connection No.2 should be ¢hosen with the foot switch depressed and a distant oper-
ator talking. This connection determines the loud speaker “break in’’ level and also is intended to prevent
howling, which is caused by feed back from the loud speaker into the transmitter. This howling ordinarily
occurs when the transmitter is in circuit unless the loud speal\er Volume is held below a certain critical
value. The value of resistance which gives a satisfactory “break in” efficiency will usually be less than that
required to prevent howling. PR L R

No. 6017B KEY

The No. 6017B Key at the dispatcher’s station is used for switching from the loud speaking telephone
to the head set telephone and vice versa.
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Battery Requirements

The current supply for this system consists of a main DC battery of 150 to 400 volls and « local battery
of 12 or 24 volts at the dispatchers’ stations and a 4 volt battery at each way station.

The main battery furnishes the current for operating the selectors at the way stations. The voltage
required depends on the loop resistance of the line wires and the location and number of sclector sets on the
line. Tor standard circuits using No. 160 type Sclector Sets with condensers in the sets, the voltuge re-
quired for normal operation can “be determined from the voltage line selector curves shown on page 21,
figure 1. For transtormer or repeating coil circuits the voltage required for normal operation can be deter-
mined from the eurves shown on page 22, figures 2 or 3. These curves show the voltage required for different
length lines of No. 9 B. & S. copper wires—8.3 ohms per loop mile—equipped with selector sets uniformly
distributed. The voltage specified [or normal operation is higher than the minimum operating voltage re-
quired. This insures the operation of the sclectors when the line insulation is low during wet weather and
allows for a slight decrease in the potential for any reason. The potential should in no ease be allowed to
decrcase more than 159;.

Dry cells, storage cells, a motor-generator set, or a Western Eleetric No. 60B Vacuum Tube Rectifier

may be used for this main current source. When dry cells are used, frequent measurements should be made
to determine the potential of the battery when the current is ﬁowmn under operating conditions. This is
necessary because the gradual increase in internal resistance of the dr) cells will lower the voltage available
for operating the sclectors.

No. 60B VACUUM TUBE RECTIFIER

The No. 603 Vacuum Tube Reetifier is operated from a
110 volt, 60 cycle, alternating current source and may be used
instead of dry cells, storage cells, or a motor-generator set, to
furnish the main power for operating one or two sclector cir-
cuits. It does away with the periodic tests of dry cells, the
charging of storage cells or the continuous large power drain
of the motor-generator scts.

The Rectifier consists of a fuse-and-switeh block, No. 72\
Repeating Coil, No. I°-11 Relay, eleven No. 1388 Condensers,
Vacuum Tube Socket for mounting the Western Ilectrie No.
21415 Vacuum Tube, and a terminal block mounted in a black
finished sheet steel box 18" high, 12" wide and 614" deep. It
weighs approximately 60 pounds.

The 110 volt, 60 cycle, alternating current is connected
through the switch block and the fuse (6 amperes) to the
primary of the repeating coil shown below. The secondary of

Open View the repeating ecoil is provided with taps (terminals S1-86) for

supplying alternating current of 60 to 540 volts potential in

60 volt steps to the plate eircuit of the vacuum tube. To obtain these values the two flexible leads (black
and green) to the No. 72A Repeating Coils should be connected to the following terminals:

S1 and S2 for 60 volts S1 and St for 300 volts
52 and 83 for 120 volts 52 and 35 for 360 volts
81 and 53 for 180 volts S1 and 85 for 420 volts
52 and S4 for 240 volts 52 and 86 for 480 volts

S1 and S6 for 540 volts

The steps permit of adjusting the DC output of the
rectifier to the needs of the circuit as determined from
the voltage-line selector curves shown clsewhere in this
catalog. The direet current voltage output of the set
cquals the alternating current, input to the tube with a
small load on terminals Bl and B2 and deereases Irom
L0 to 35 per cent in proportion with a larger selector
load. Under maximum load conditions, the maximum
direct, current output is approximately 0.300 ampere ut
400 volts potential.

The tertiary winding of the repeating coil supplies
current. at 10 volts potential for lighting the vacuum
tube [ilament, through the contacts of the I'-11 Relay. s
T'he condensers tend to hold up the voltage of the recti- R
fied current during the interval between the rectified Schematic Diagram of No. 60B
half-waves. Vacuum Tube Rectifier
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Vacuum Tube Rectifier-—Battery Requirements (Continued)

The terminal block has five terminals for outside connection as follows: B1, B2 and B3 to be connected
to B1, B2, B3 of one or two No. 608 Selector Apparatus Cases. One K3 to be connected to the K3 terminal
of one No. 60B Sclector Apparatus Case and a second K3 to be connected to the K3 terminal of the second
No. 60B Selector Apparatus Case when used.

When using the No. 60B Rectifier as the line battery supply, and operating the selectors through a
transformer the No. 221JB Relay in the No. 608 Selector Apparatus Case is not required and its line con-
tacts should be closed permanently. Also the lead to terminal K3 in the No. 60B Selector Apparatus Case
should not be conneeted. This allows the condensers in the reetifier to become discharged at the end of a
call and thus prevent the possibility of two preliminary pulses through the selectors on the next eall.

The filament of the vacium tube lights only when the No. I'-11 Relay is energized as a selector key is
operated to make a call. The filament circuit is closed a second before calling impulses are senf, out. This
allows the filament tfo heat sufliciently to rectify a full poteniial impulse at the start. The average life of
the No. 21418 Vacuum Tube based on 200 to 300 calls per day, is approximately two years but this figure
is not guaranteed. This life is with a filament eurrent of 3.2 amperes. 1If the current is increased the life
of the tube is shortened.

The set rectifies only when the filament of the tube is lighted. This decreases the drain on the alter-
nating current source and lengthens the life of the tube. The drain during non-culling periods when the
filament eircuit is open is 8 watts and on the average selector cirenit the drain is approximately 90 watts
while calling. At the rate of 300 ecalls per day (8 seconds per call) the rectifier would require 250 watt-hours
per day.

The No. I'-11 Relay in the filament circuit is provided with two windings so that it may be operated
by the selector keys of two selector eircuits separately or at the same time.

LOCAL BATTERY

The local battery af, the dispatcher’s station furnishes current for operating the No. 26 A and No. 221JB
Relays. Dry cells or sufficient, storage cclls to give a voltage of 12 or 24 volts should be used. In no case
should the voltage of this battery be allowed to decrease to less than 8 volts.

WAY STATION BATTERY

The way station battery furnishes eurrent for operating the No. 60CG Ringer. 1t may consist of pri-
mary or secondary cells. The voltage of this battery should be from 3 to 5 volts. The transmitter battery
of the way station telecphone sets may be used as a commmon battery for the telephone transmitter and for
the ringer of one or two selector sets.

Operation of Selector Circuits through Transformers and Repeating
Coils

No. 341A Transformer

No. 70A Repeating Coil

In many cases it is of advantage to operate train and messuge cireuits with No. 60 type Selectors through
transformers or repeating coils to:

(1) Obtain a low resistance in the simplex telegraph leg.

(2) Operate two or more simplexed selector circuits from the conmon battery supply.

(3) Operate one or more branch selector circuits from the main selector cireuit without any metallic
connection to it.

(4) Allow two selector circuits to be used as side circuits for obtaining a composited or simplexed
phantom with the physical and phantom telephone and the telegraph circuits terminated at the
same or different points.
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Operation of Selector Circuits Through Transformers and Repeating Coils (Continued)
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Schematic of the Selector Circuit Operated through Schematic of the Selector Circuit Operated through
No. 341A Transformer Two No. 70A Repeating Coils in Series Aiding

No. 341A TRANSFORMER

The No. 341A Transformer has a shell type silicon steel core clamped between angle iron brackets
which also provide a mounting for the transformer and for the terminal connecting block. The transformer
is approximately 6’ long x 52¢"" wide x 534" deep, and weighs approximately 20 pounds. It has four wind-
ings brought out to separate terminals. The primary windings (1-2 and 5-6) each have a resistance of ap-
proximately 90 ohms and the two secondary windings cach have a resistance of approximately 175 ohms.
The primary windings and the secondary windings are cach balanced from a resistance, inductance and
capacity standpoint to within 200 crosstalk units to permit the coil to be used on simplexed telephone c¢ir-
cuits arranged for duplex telegraph without inferference from the telegraph on the side or phantom telephone
eireuifs.

The transformer is especially designed for repeating the low frequency (314 eycles) selector impulses
for long lines with a large number of scleetors. The impedance at 900 cycles of the two secondary windings
connected in series aiding is approximately 6,000 ohms, and of the two primary windings in series aiding is
approximately 12,000 ohms. The loss of bridging the transformer on a line as a siinplex bridge is, therefore,
very small.

The loss in telephone (ransmission due to inserting & No. 341A Transformer in the center of a long line
of No. 9 B. & S. gauge non-loaded open copper wire is approximately 5 decibels.

No. 70A REPEATING COIL

The No. 70A Repeating Coil is a torotdal type coil mounted on a wood base. The complete coil is
approximately 814" wide x 11" deep x 5" high, and weighs approximately 26 pounds.

The coil has four windings brought out to separate terminals. The two secondary windings (3-4 aud
7-8) cach have a resistance of approximately 40 ohms, and the two primary windings (1-2 and 5-6) each have
a resistance of approximately 45 ohms. The primary windings and the sccondary windings are balanced
from a resistance, inductance and capacity standpoint to within 200 crosstalk units to permit the coil to be
used on simplexed telephone circuits arranged for duplex telegraph without interference from the telegraph.

The No. 70A Repeating Coil is also designed for repeating the low frequency (314 cycles) selector im-
pulses and for telephone transmission frequencies. The loss in telephone transmission due to inserting a
No. 70A Repcat,in«r Coil in the center of a long line of No. 9 B. & S. gauge non-loaded open copper wire is
approximately 114 decibels. The impedance at 900 cycles of either the two primary or the two secondary
windings of the t»Oll connected in series aiding is approximately 8000 ohms. The loss due to bridging the
coil on the telephone line as a simplex bridge is, therefore, very small.

TRANSFORMER AT DISPATCHER’S STATION

When the entire selector circuit is to be operated through a transformer, the No. 341A Transformer
should be used and the ronnections should be as shown above. The telephone set should be connected to
the line side of the transformer.

If it is desirable to talk through the transformer at the dispatcher’s station and keep the transmission
loss to a minimum, the No. 70\ Repeating Coil may be used, connected as shown above,
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Operation of Selector Circuits Through Transformers and Repeating Coils (Continued)

The capacity of the condenser shown at “C” in each case should be not less than 10 mf plus 1 mf for
each selector on the circuit. A resistance of 2000 ohms (Ward-Leonard DM-2000) should be connected
in parallel with the condensers to prevent oscillatory discharges of the condensers from interfering with
the operation of the selectors.

When a No. 60B Rectifier is used as the battery supply with the circuit connections shown on page 24,
the contacts of the 221JB Relay in the No. 60B Selector Apparatus Case should be closed 