Qut-of-Hour Courses.
A-132 10381029, SAT LY

PANEL DIAL SYSTEMS

by
R. E. Hersey

Bell Telephone Laboratories, Ino.
Educatlonal Department
462 West Straet
New York

(Issued for Training Purposes Only)

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132

Index
INDEX
CHAPTER TITLE PAGE
I INTRODUCTION 1
II APPARATUS 5
III SUBSTATION EQUIPMENT 12
IV PANEL TYPE POWER-DRIVEN LINE FINDER 14
v THE PANEL LINE FRAME 23
vI CONNECTING A CALLING LINE WITH AN IDLE
SENDER CIRCUIT 27
VIiI SUBSCRIBERS' SENDERS - APPARATUS AND FRAME 32
VIII DIALING AND REGISTRATION a7
1x 2-DIGIT TRANSLATION - AFPPARATUS AND OPERATION 40
X DISTRICT AND OFFICE SELECTOR FRAMES 45
I Dﬁ%ﬁ AND OFFICE SELECTIONS AND TRUNK b
XII1 TRUNEING SCHEME ON OUT-TRUNKING FRAMES 55
ITII IN-TRUNEING - SCHEME AND FRAMES 61
av COMPLETING A MECHANICAL CLASS CALL 66
Iv RCI EQUIPMENT AND OPEHATION 86
Ivl FPANFL SYSTEM "B" BOARD AND ASSOCIATED
EQUIPMENT 85
IVI-A CALL DISTRIBUTING "B" SWITCHBOARD l02-A
IVIiI EFY INDICATOR AND DIALING "A"™ METHODS OF
COMPLETING MANUAL TO PANEL CALILS 103
IVIII "OPERATOR CLASS"™ CALLS 107
IIX PANEL SYSTEM "A™ BOARD 111
X OTHER METHGDS OF HANDLING ORIGINATING TRAFFIC l24
x1 3-DIGIT TRANSLATION - EQUIFMENT AND OPERATION 127
Iﬂ-h‘f DECODER AND DECODER SENDER 134-4
XaI TANDEM OPERATIONS 135
IXIII MISCELLANEQUS FRAME AND DESK EQUIPMENT 140
xTv ROUTINE TESTING 155
xv POWER EQUIPMENT 166
=h-

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132

Index
ILLUSTRATIONS
CHAPTER TITLE
I Fig. 1 - ANATOGY BETWEEN MANUAL AND PANEL SWITCH-

ING OPERATION

II Fig. 1 - POWER-DRIVEN SEQUENCE SWITCH
Fig. 2 - POWER-DRIVEN SEQUENCE SWITCHES
Fig. 3 - ISOMETRIC OF 4 SEQUENCE SWITCH
Fig. 4 - POWER-DRIVEN INTERRUPTER
IIT Fig. 1 - DESK STAND
Fig. 2 - DIAL
Iv Fig. 1 - LINE WIRING AT MDF AND IDF
Fig. 2 - LINE FINDER FRAME
Fig. 3 - INTERRUPTER FRAME
Fig. 4 - EQUIPMENT ON LINE FINDER FRAME
Fig. 5 - LINE RELAY AND TRIP CIRCUIT UNIT
Fig. 6 - START AND EMERGENCY TRIP CIRCUIT UNIT
Fig. 7 - CABLING BETWEEN LINE FINDERS AND DIS-
TRICT SELECTORS
Fig. 8 - LOCAL CABELE ON LINE FINDER FRAME
Fig. 9 - PANEL TYPE MULTIPLE BANKS
Fig.10 - LINE FINDER BRUSH ROD AND TRIP MECHANISM
Fig.1l - FRICTION ROLL DRIVE FOR PANEL SELECTOR

FRAMES
Fig.l2 - PANEL SELECTOR CLUTCH
Fig,1l3 - PANEL SELECTOR COMMUTATOR
Fig.l4 - ARRANGEMENT OF LINE FINDER MULTIFLE FOR
28, 40, 60 AND 80 LINE FINDERS PER GROUP
Fig.1l5 - CIRCUIT CONVENTIONS FOR POWER DRIVEN

SELECTORS

Fig.l6 - LAYOUT OF MOTOR DRIVE FOR FANEL TYPE
FRAMES

v Fig. 1 - PANEL LINK FRAME

Fig. 2 - EQUIPMENT ON PANEL LINK FRAME

Fig. 3 - CABLING BETWEEN DISTRICT AND SUBSCRIBERS®
LINK FRAMES

Vi Fig. 1 - PANEL LINK HUNTING CIRCUIT

Fig. 2 - PANEL LINK ALLOTTING CIRCUIT

Fig., 3 - FINDING THE CALLING LINE - LINE, TRIF,
START, LINK, AND LINE FINDER CIRCUITS

Fig. 4 - LINE FINDER AND LINK COMMUTATORS

Vi1 Fig. 1 - 200-TYPE SELECTOR

Fig. 2 - EQUIPMENT ON 2-DIGIT SUBSCRIBER'S
SENDER FRAME

Fig. 3 - EQUIPMENT ON 3-DIGIT SUBSCRIBER'S
SENDER FRAME

Fig, 4 - 2=-DIGIT SUBSCRIBER'S SENDER FRAME

Fig. 5 - 3-DIGIT SUBSCRIBER'S SENDER FRAME -
NON-UNIT TYPE

Fig. 6 - 3-DIGIT SUBSCRIBER'S SENDER FRAME -
UNIT TYPE

Fig. 7 = CABLING BETWEEN SUBSCRIBERS' LINK

AND SENDER FRAMES

~B-

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



CHAPTER
VIII
IX

XII1x

Fig.

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Flg.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Flg.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

G M L H ekl Al

~1ChCn WA b

=1 e il

8
9

Fig.10
Fig.1ll

Fig.
Fig.
Fig.
Fig.

Fig.

1

L4 I

Course A-132
Index

ILLUSTRATIONS (Continued)

LI R A I | [ I B |

I

TITLE
REGISTRATION 2-DIGIT SENDER

POWER-DRIVEN SELECTOR - 1203 TYPE
TRANSLATION - 2-DIGIT SENDER
SETTING THE CLASS SWITCH

EQUIPMENT ON DISTRICT FRAME
DISTRICT SELECTOR FRAME

OFFICE SELECTOR FRAME -~ 35-WIRE
EQUIFMENT ON OFFICE FRAME
TRIPPING MECHANISM

DISTRICT AND OFFICE COMMUTATOR
PANEL SELECTOR ERUSH AND TRIFP RODS

DISTRICT ERUSH AND GROUP SELECTION -
CIRCUIT

TRUNKE HUNTING CIRCUIT

OFFICE TEST AND SELECTIONS - CIRCUIT

OUT-TRUNKING SCHEMATIC

TYPICAL SLIFP ARRANGEMENT FOR TRUNK
MULTIFLE ON OFFICE FRAME

TYPICAL SLIF ARRANGEMENT FOR TRUNK
MULTIFLE ON DISTRICT FHAME

SCHEMATIC OF NUMERICAL TRANSLATION
INCOMING SELECTOR FRAME

EQUIPMENT ON INCOMING FRAME

FINAL SELECTOR FRAME

EQUIFMENT ON FINAL FRAME
IN-TRUNKING SCHEMATIC

TYPICAL SLIF ARRANGEMENT FOR TRUNK
MULTIPLE ON INCOMING FRAME

TRANSLATION OF NUMERICAL REGISTRATION -
2-DIGIT ZENDER CIRCUIT

- INCOMING AND FINAL SELECTIONS - CIRCUIT

BUSY TEST CIRCUIT AND LINE MULTIFLE
SLEEVE CONDITIONS

FINAL SELECTOR CIRCUIT

TALKING SELECTION - CIRCUIT

TRUNE CLOSURE AND RINGING ON MECHANICAL
CLASS CALL - CIRCUIT

INDIVIDUAL, 2-PARTY, 4-PARTY SELECTIVE,
AND 4-PARTY SEMI-SELECTIVE RINGING -
CIRCUITS

TALKING - BUSY REPORT - CIRCUIT
RETURN SELECTORS TO NORMAL - CIRCUIT
RESTORING SENDER TO NORMAL - ADVANCE OF
LINK - CIRCUIT

SENDER TIME MEASURE - CIRCUIT

ROUTE OF CALL FROM A PANEL TO A MANUAL
OFFICE USING DIRECT OR TANDEM RCI TRUMNES

RELAY CALL INDICATOR POSITION

RCI POSITION KEYSHELF

- SENDING AND RECORDING IMPULSES ON RCI

CALLS - CIRCUIT
RCI PULSE CODE

-0=

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132
Index

ILLUSTRATIONS (Continued)

CHAPTER TITLE
XVl Fig. 1 - ROUTE OF CALL FROM MANUAL TO PANEL
OFFICE VIA PANEL SYSTEM "B"™ BOARD
Fig. 2 - PANEL SYSTEM "B" SWED.
Fig. 3 - EQUIPMENT AT CORDLESS "B" POSITION
Fig. 4 - "B" SENDER AND LINE FRAME
Fig. S - EQUIPMENT ON "B" SENDER AND LINE FRAME
Fig., 6 - CORDLESS "B"™ OPERATION - CIRCUIT
IVIi-A Fig. 1 - SCHEMATIC ARRANGEMENT OF CALL DISTRIBUTING
"B" SWED.
Fig. 2 - ARRANGEMENT OF KEYSHELF EQUIPMENT
Fig. 3 - FRONT VIEW OF CALL DISTRIBUTING "B"™ SWBD.
AND CAELE TURNING SECTION
Fig. 4 - SCHEMATIC LAYOUT OF CIRCUITS
Fig. 5 - EQUIPMENT FOR CALL DISTRIBUTING."B" LINK
FRAME
Fig. 6 - SIMPLIFIED CIRCUIT SHOWING LINK ALLOTMENT
Fig. 7 - SIMPLIFIED CIRCUIT SHOWING METHOD OF
REGISTRATION IN THE SENDER
XVII Fig. 1 - MANUAL TO PANEL-KEY INDICATOR METHOD
XIX FPig. 1 - SEMI-MECHANICAL FOSITION - PANEL SYSTEM "A"
SWED.
Fig. 2 - MANUAL DIALING POSITION - PANEL SYSTEM "A"
SWED.
Fig. 3 - INTERCEPTING POSITION - SEMI-MECHANICAL -
PANEL SYSTEM "A" BOARD
Fig. 4 - TEST STRIP FOR CHECKING MULTIPLE - PANEL
SYSTEM "A"™ SWED.
Fig. 5 - CHECK TONE CIRCUIT
Fig. 6 - ROUTE OF A 2-NUMBER TOLL CALL - FINAL
TERMINAL CORD METHOD
Fig. 7 - ™A™ POSITICN SENDER AND LINKE FRAME
XL Fig. 1 - LINE SWITCH AND DISTRICT SENDER SELECTOR
CIRCUIT
Fig. 2 - SUBSCRIBER'S LINK FRAME - ROTARY TYPE
Fig. 3 - LINE, TRIP, START, LINE FINDER, AND ROTARY
LINK CIRCUITS
I Fig. 1 - 3-DIGIT TRANSLATOR FRAME
Fig. 2 - PULSE MACHINE
Fig. 3 - PULSE MACHINE FUSE BOARD
Fig. 4 - SENDER PULSE FUSE BOARD
Fig. 5 - TRANSLATION - 3-DIGIT SENDER - CIRCUIT
Fig. & - CABLING BETWEEN SENDERS, TRANSLATORS AND
PULSE MACHINE FUSE BOARD
oI-A Fig. 1 - REGISTERING DIALED NUMBER IN THE DECODER
SENDER
Fig. 2 - CONTROLLING FUNDAMENTAL SELECTIONS IN
DECODER SENDER
Fig. 3 - RECEIVING AND CHECKING THE OFFICE CODE
REGISTER SETTING
Fig. 4 - METHOD OF SELECTING ROUTE-RELAY IN THE
DECODER
Fig. 5 - METHOD OF TRANSMITTING AND CHECKING SELEC-

TIONS IN THE DECODER

)=
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132
Index

ILLUSTRATIONS (Continued)

CHAPTER TITLE
Fig. 6 - SIMPLIFIED P.C.I. IMPULSE SWITCH
Fig. 7 - 3-DIGIT DECODER FRAME
Fig. 8 - 3-DIGIT SENDER FRAME - UNIT TYFE
Fig. 9 - DECODER FRAMES
Fig.1l0 - DECODERS AND DECODER TEST FRAMNES
IXII Fig. 1 - TANDEM ROUTES - E2-WIRE OFFICE AND FULL

MECHANICAL TANDEM
Fig. 2 - TANDEM ROUTES - SEMI-MECHANICAL TANDEM

XAITI Fig. 1 - LOCAL TEST DESK - KEYSHELF AND FRONT
EQUIPMENT
poen's Fig. 1 - EQUIPMENT ON SENDER TEST FRAME
Fig. 2 - ARRANGRMENT FOR CONNECTING TEST CIRCUIT
TO THE SENDERS TO BE TESTED
Fig. 3 - ARRANGEMENT FOR CONNECTING TEST CIRCUIT
T0 THE DISTRICT SELECTORS TO BE TESTED
Fig. 4 - ARRANGEMENT FOR CONNECTING TEST CIRCUIT
TO THE OFFICE SELECTORS TO BE TESTED
Fig. 5 - FINAL SELECTOR TEST FRAME
Fig. 6 - WAGON TYPX TEST SETS
XV Fig. 1 - CHARGING GENERATORS
Fig. 2 - MACHINE ROOM - SHOWING RELATIVE LOCATION
OF UNITS
Fig. 3 - COMMERCIAL CHARGING GENERATOR
Fig. 4 - BATTERY CONTROL BOARD - FRONT VIEW
Fig. 5 - BATTERY CONTROL BOARD - REAR VIEW
Fig. 6 - BATTERY ROOM
Fig. 7 - BATTERY DISTRIBUTING FUSE PANEL
Fig. 8 - RINGING MACHINE
Fig. 9 - RINGING POWER BOARD

-E-
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132

CHAPTER I
INTROLUCTION

It is the purpose of these notes to give a brief description of the
equipment, and an explanation of the operation, of the Panel Dial System of
such socope and in such detall as will enable those, who are already familiar
with the manually operated telephone system, to understand how telephone ser-
vice is ranﬂéfed by the Panel System.

Among the telephone systems in common use in the U,S, are the so-
called Manual System, Step-by-Step Dial System and Panel Dial System. The
Step-by-Step (also called Strowger) and the Panel systems substitute mechanical
switching equipment (that is, electrically controlled and mechanically operated
trunk and line selector mechanisms) for the telephone operators, in the Manual
system, with whose funotions you are familiar. When & subscriber, served by =
Step-by-Step or Panel system office removes the receiver, a distinetive tone,
called "dial tone™ is transmitted to the subscriber in place of the operator's
"number please™, 4 device called a dial is then amctuated by the subsoriber
thereby telling the mechanical equipment the number of the line with whioh con-
nection is desired.

As far as the subscriber is concerned there is no distinetion between
service rendered by a Step-by-Step office and that rendered by a Panel office.
There are, however, several fundamental differences in the central office equip-
ment, In the Step-by-Step system the selector mechanisms are operated by
electromagnets acting directly under control of the dial, Both the dial and
the selector mechanisms operate on & decimal basis, In the Panel system elec-
tricel motors furnish the energy for operating the selector mechanisms. For
this reason the term "power driven"™ 1s also frequently made use of in referring
to the Panel system. The energy is applied to the selectors by friction
clutches which are operated by electromagnets. The electromagnets are not di-
rectly controlled by the dial, for the disled number is first recorded on a set
of "registers" before the selector mechanisms are directed in accordance there-
with. This indirect control permits using a selector mechanism which does not

operate on the decimal basis and the decimal record from the dial must therefore

a)a
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be translested to s non-decimal basis before the selector mechanisms make their

selections.

This non-decimal selection permits as many trunks in a group as

are required to carry a certain traffic instead of dividing the trunks into

groups of ten, as in the Step-by-Step system.

use of trunks and selective devices,

This results in economy in the

As many as 80 trunks are directly eec-

cessible to & selector in the Panel system and this system would therefore ap-

peer to be peculiarly adapted for use in large cities where inter-office traffic

is heavy.

The Panel system makes use of a number of circuilt units in completing

a connaction and we will st this time be introauced to the names of some of

these units and in a general way describe the function of each by asnalogy with

menuel operation. (See Figure 1).

The following desceription applies to the op-

erations involved in completing an inter-office call over a direct connecting

trunk.

Menual QOperation

The subscribers' lines terminate
on answering jacks at the "A®
board, with each of which 1is

associated a line lamp.

When & subsoriber in an office "K"
removes the receiver to make a

call, the line relay in the central
office operates, lighting the lamp
associated with the answering jack
at the "A" board, at which the sub-
soriber's line terminates, thus

telling the operator that there is

a recelver off the hook.

The plug of the answering cord is
inserted in the answering jack,

thus establishing a connection

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA

Panel Dial Operation

The subscribers' lines in a Panel office
terminete on rows of terminals in & "line
finder bank"™ there being two additional rows
of terminals associated with the line ter-
minals one of which is called the "hunt”

terminal.

When a subscriber in & Panel office "R" re-
moves the receiver to make 2 oall and the

line relay operates in the central office

it connects battery to the "hunt™ terminal
assoclated with the line. It alsoc causes
a "start" circuit to tell another cirouit
unit ocalled a "line-finder-distriet"™ that

there is a receiver off the hook.

The line finder part of the "line finder-
district™ hunts for the line to whose "hunt"
terminal, battery hes been connected and

=
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between the operator and the sub-

soriber.

The operator says "number please".

The calling subscriber gives his
order verbally to the operator,

"L 3754".

The operator tests with the tip of
the calling cord the sleeves of the
outgoing trunk multiple of the par-
ticular group of trunks which
carries the traffic from offlice "K"
to office "L"™ until she finds an
idle one and inserts the plug of
the cord in the jeck. The tele-
phone of a "B"™ operator is now
automatically associated with this
trunk and two zip tones are sent
over the trunk to the "A"™ operator.
The "A" operator tells the "B"™ op-
erator in office "L" thet a sub-

soriber wants to be connected with

"L 3754" by saying "3754",

The "B"™ operator looks over the
plugs on which the trunks from

office "K"™ are terminated and

when found the line finder stops thereon,
At the same time that the line finder is
hunting for the calling line, a "link"
circuit to which the line finder-district
is connected hunts for and selects an idle

"sender"™ circuit.

The "sender™ to which the subscriber's
line is connected (through the line finder
and link) transmits a "dial tone™ to the

calling subseriber.

The subsoriber dials his order to the

sender, "S5 3754".

The sender translates the decimal dial
signals by the aid of a decoder and having
determined what selections are necessary
to complete the connection, causes the
"district selector™ part of the "line
Tinder-distrioct™ to select an idle trumnk
in a certain group of trunks which carries

the traffic from office "R" to office "S".

The selected trunk terminates in another
circuit unit called an "incoming selector™

The sender causes this incoming selector

-5
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seeing that trunmk 116 has a flash- to hunt for and connect with an idle local
ing lamp associated with 1it, tests trunk which terminates in another circuit
the sleeve of one of the multiple unit called a "final selector™. The sender
Jacks, associated with line "3754", then cesuses thils final selsctor to sslect
with the tip of the plug in which and stop on & set of terminels associated
trunk 116 terminates, and if line with line "3754", The final selector
nE754" 1s idle, inserts the plug in tests the line to see if 1t is busy or
the jeck, ringing being started idle. If the line is idle, the final se-
automatically. lector connects the incoming selector
thereto, and tells the incoming that the
line has been selected. The incoming re-
peatsthis newsto the sender. The sender
causes the distriet selector to connect
the calling line with the inter-office
trunk and the sender then disconnects
itself from the connection. The incoming
closes the ringing circult and when the
called subseriber answers it connects the
inter-office trunk to the finaml selector,
end through the final selector to the

called subscriber.

If line "3754" 1s busy the "B" op- If 1ine "3754" is busy the final discon-
erator inserts the plug of trunk nects itself therefrom and transmits a
118 in & busy back jack thersby busy tone to the calling subscriber as
transmitting a busy flash to the "A" scon as the connection between the calling
operator and a busy tone to the line and the final selector has been
calling subscriber. completely established.

One of the greatest difficulties in developing & new type of telephone
system is the limitation pleced on such development by the necessity that eguip-
ment of the new system must intercomnect with equipment of other existing sya-
tems. The indireect control used in the Panel system makes it easy to arrange
for interconnection with systems of any other type. Means for interconnection
with Step-by-Step, Menusl and Toll Systems have already been developed and
will be consldered in these notes.

-
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CHAPTER II
APPARATUS

The Panel system makes use of nearly all the appafﬁtus which the Manual
system uses, even to including seotions of switchboard very similar to the "A"
switehboard of the #l type. Of course, much of this apparatus hes been modified
to better meet the regquirements of the Panel system and in many cases new types
have been developed.

In the operation of Panel system equipment, events must occur in regu-
lar sequence and with as little delay as possible., To meet these requirements,
large numbers of relays are used, including marginal, differential, polarized,
slow ecting and fast ecting relays. "E" and "R" type releys are used as far
as possible; "EBE™, "L" or "N"™ type relays are used where extreme sanuiti?ify is
reguired; 206 type relays are used where directionasl selectivity is required;
207 and 208 type relays are used where extreme speed 1s required; 14% and 178
type relays are used where extreme slow sotion is required; and 114 type relays
are usad for controlling ringing circuits. An understending of the charascter-
istics and adaptability of the various types of relays is necessary in following
the operation of Panel equipment, The relays are given 1, 2 or 3 letter desig-
nations on circuit and aqu?pmant drawings, the designation usually having some
relation to the function of the relay.

Condensers are used in Panel equipment as in manuel for transmission,
in AC circuits, and with resistance for contact protection. There are, however,
more ceases in the panel system where contact proteetion is required since many
of the magnets and olutches used are of low resistance and high inductance, The
most commonly used types ol condensers are the 89 and 90 types. Most of the re-
sistances used are of the 18 or 19 type, this being the type which is commonly
used in series with condensers for contact protection. 44 type resistances are
used extensively to feed battery to electromagnetic apparatus whose windings
are of low resistance, when 18 or 19 type resistances could not safely dissipate
the heat generated. 40 type resistances are used when the heat to be dissipated
is small and they mount like an "E" type relay. Condensers and resistances are

alphabetically designated on Panel circuits and are shown symboliocally in the

=Fm
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BAme manner &5 on manual circuits.

No special mention is thought necessary at this time in regerd to
other apparatus which is common to both Panel and Manual systems, but the Fanel
system makes extensive use of other apperatus, This includes the dial, the
power driven selector and line finder, the 200 type selector, the 1202 and
1203 type selectors, the pulse machine, the sequence switch, and the power
driven interrupter. Of these, only the sequance switch and the power driven in-
terrupter will be described at this time, the deseription of the remeinder
being made later in chapters which desl with equipment units of which they ere
a part.

THE SEQUENCE SWITCH

The sequence switeh (see Figure 1) is a rotary device used for
switehing a plurality of circulits in a known and positive sequence, The advan-
tages gained by the use of a sequence switech are: 1, That it replaces & large
number of relays and effects a saving thereby. 2. It exercises a more exact
control of the time intervals between successive operations and of the order in
which these operations ocour. It consists of & metal framework, a clutch
(rotary) magnet, & number of brush assemblies and a square metal shaft on which
are mounted a metal clutch disc and a number of other circular discs called
"eams®™, The shaft is supported horizontelly between two bearings at Dppﬂsifa
ends of the freme. The rotary magnet winding is mounted on one end of the
framework and the clutch disc is fastened on the same end of the shaft by a
flexible spider which permits movement of the dise in s horizontal direction.
The spider is keyed to a metal driving cocllar which fits on the end of, and is
shaped sc as to enggga-with. the sgquare shaft, A nut 1s screwed on to the end
of the shaft against the spider and driving collar. When the rotary magnet is
energized the surface of the clutch disec 1s pulled up against the edge of &
driving disc which is mounted on, and continuously revolves with, a vertical
drive shaft. The drive shaft extends the length of the frame on which a number
of sequence switches are mounted and is gear driven at its lower end by an
electric motor. See Figure 2. Normally, there 1s a small clearance between
the edge of the driving disec and the surface of the driven or cluteh dise.

The circular disecs or cems are designated alphabetically from left

i
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to right, the first cam at the rotary megnet end of the shaft being the A cam.
The frame and shaft are made in two sizes A and B, the A switch having & maximum
of 20 cems in addition to the A cam, and the B switch having a maximum of 24 cams
in addition to the A cem. The 4 cam consists of a stamped circular phosphor
bronze disc with a corrugated rim and a disc of hard dureble insulating materisl
which is riveted to the left-hand (or rotary magnet) side of the metal disc
within the corrugated rim. There is a square hole In the center through which
the shaft extends, the cam being rigidly seocured so as to rotate with the shaft.
One of the brush sssemblies, whioh consists of three springs insulated from each
other and securely held together between two metal stempings, is mounted on the
framework directly behind the A cam, Attached to the end of one of these springs
which extends out toward the A cam is a metal roller which engages with the
left-hand side of the corrugated rim directly above the shaft. The other two
springs are brush springs which extend to the rear of the metal stampings to
provide terminals to which wires may be connected and which extend forward from
the metal stampings so that thelr tips rest on the flat central portion of the
right-hand surface of the A cam directly above the shaft. One of these springs,
known as the right outer or #3 spring, rests on the outer rim of the flat sur-
fece and the other, known as the right inner or #4 spring, rests on the flat
surface closer to the center of rotation. The wire connected to the terminal
of the #3 spring is connected to ground and the #4 spring terminal is connected
to the winding of the rotary magnet, The other end of the magnet winding is
connected to battery. The switch has & maximum of 18 positions of rest and
there are 18 waves in the corrugated rim. When the switch is in the middle of
any position the 4 cam roller rests in the trough of one of these waves, The A
cam roller acts, therefore, as a centering device, The #4 brush makes continu-
ous contact with the A cem metal but the #3 brush does not, for the metal is
notched out so that in all of the positions in which it 1s required that the
gewitch come to rest the #3 brush rests on the insulating disc and not on the
metal. In between the positions of rest, that is, at all points through which
the switch 1s to mn;a without stopping, the metal is not notched out, and the
#3 brush holds the "R™ magnet energized until the switoch reaches the next posi-
tion of rest.

-
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The cams other than the A cam are made up of two phosphor bronze
stempings which are supported by, and riveted together through, & circular disec
of hard durable insulating material. The shaft extends through & square hole
in the center of each cam, the cams being rigidly secured so as to revolve with
the shaft. The cams are separated by metal rings or collars,?® the collars being
insuleted from the shaft by fibre washers., When adjacent cams are not to be
electrically conneoted, the metal on the %FJaaant surfaoes 1s cut awey so as to
¢clear the metal ocollar; but when alaatrionl_uunneotion is desired, the metal is
cut away only enough to clear the shaft and not enough to elear the metal coller.
Caxs which are electrically connected in this way are said to be "ocollared"™.
Collars which do not eluutricallé connect cams are distinguished, from those
that do, by a groove around their outer surface, On the end of the shaft fur-
thest from the "R"™ megnet is mounted an index wheel, on the periphery of which
the position numbers from 1 to 18 are stamped., The cams and index wheel are so
mounted on the shaft that position 1 of each cam is in contact with the brushes
when the pointer is opposite position 1 on the index wheel. Outside of the
index wheel a hexagonal nut screws on to the end of the shaft securely clamping
the index wheel, cams, end the separating collars against the driving collar on
the cluteh discend. A fixed pointer, attached to the frame, points to the
number of the position, on the index wheel, in which the switch 1s resting.

The brush assemblies other than the A ocam assembly consist of 8 brush
springs which ere insulated from emch other and securely held together between
two metal stampings, one of which 1s fastened to the frame, there being one
brush assembly mounted on the frame directly behind each pair of cams (after the
A cam), On the top of the other stamping are stencilled the designations of the
two cams with which the brush assembly is mssocimted, The brushes extend to the
rear of the stampings as terminels on to which the leads to the brushes are
soldered, and extend forward to the cems on whose surfaces their tips rest., The
ends of four of the brushes rest on the surface of one cam, and the ends of the
other four rest on the surface of the other cam of the peir. There are, there-
fore, two springs on each side of each cam in the same relative position as
springs #3 and §4 on the A cam. Accordingly the brushes are designated left
inner or #1, left outer or #2, right outer or #3, end right inner or #4.

-B-
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The portions of the metal discs on which the brush tips rest are
notched so as to provide closures and openings in the brush circuits as are
required in each particular case, &Since there are 18 possible positions of
rest the cam is alsc theoretically divided into 18 positions, each embracing
an are of 20°, When a switch is centered in a position the brush springs are
located so that 10° (or 1/2 of the position) is in front end 10° in the rear
of the center of the spring, When the A cam is "cut™ in & position, 10° of
the metal, that is, 5° on either side of the position center are cut away and
the #3 spring rests on insulation when the switch is standing in this position.
When any of the cams from B to Y inclusive, are "cut™ in a single position, the
first and last 5° of metal in this position is out eway end & single position
"Cutting®”, therefore, consists of a 10° metal segment which extends 5° on each
side of the position center, When any cam from B to ¥, inclusive, i= cut to
elose continuously for several positions, the metal segment extends from 5° 1in
advance of brush in the beginning position to 5° beyond the brush in the ter-
minating position.

On circuit diagrams e notation is placed adjacent to each cam spring
to denote the open and closed pericds during a revolution of the switch, This
notation is best explained by illustration, thus, "1-2-4-6/8-12{/16" adjacent
to a spring indicates that there is & circuit oclosure when the switeh is in po-
sitions 1, 2 and 4, 6 to 8 inclusive, and in positions 12§ to 16 inclusive. The
notation placed adjacent to the A cam is "ALL" when the A cem is cut so as to
permit stopping in every one of the 18 positions, end a notation such as
1-5=17-18 indicates that the metal i1s so cut that the switch can come to rest
only in positions 1, 5, 17 and 18,

Openings are not specifically indicated on circuits but lie between
the indicated closures, Openings cannot be less than 10°, A cutting in which
no metal is out away is oalled & "feed™ and 1s specified by a special symbol.
If a brush is not in use, that is, it is a spare, the metal is also left uncut
but the feed symbol is not used, no notation being shown adjacent to this brush,

Feeds are usually inner cuttings but where two feeds are used they are sometimes

both on the same side of the cam.
It must be remembered that for all cuttings the metal extends 5° in

-
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edvance of the position in which the notation indicates circuit closure and 5°
beyond the position in which the notation indicates circuit opening except for
5% cuttings where the metal extends 23%° on each side of the center.

Sketeh 4 in figure 3, shows an isometric view of a sequence switch
which is illustrative of the wiring which operates the "R" (rotary) megnet. 1In
this sketoh the winding of the "R" megnet is connectsd to the #4 brush on the 4
cam and to the #2 brush on the C cam., When the switeh is resting in position 4
& circuit is closed from battery through the winding of the "R" magnet and
through 552-C and S51-C to ground (SS2-C is the designation used for referring
to the #2 brush on the C cam in circuilt descriptions and om circuit require-
ment tables, the other brushes being similarly designated). The "R" magnet is
energized and the clutch or driven ﬁisc is drawn up against the edge of the
driving disc starting the switech out of position 4. Ground through S53-4 holds
the rotary megnet energized until the switch 1s mdvanced far snough to be
centered in position 6 with the help of the 4 cem roller, Sketch B in figure 3
shows all of the angles into which & cam may be divided for cam cuttings and
sketoh C shows the symbols used on cirouit drawings which pertain to sequence
swltches,

The most common use of the sequence switeh is that of switching a
plurality of circuits in a definite and known order but the switeh cen also be
used as a code transmitter or as & code register. A switch which is used in the
transmission of a code is the RCI Impulse switch in a "Sender™ circuit. This
switch differs from the one we have described chiefly in the omission of the A
cam and A cam roller. The RCI Impulse switch will be further consicered in
connection with the completion of calls from Femel to Manual offices,

Where more than one sequence switch is used in a circuit the switches
are designated R1, R2, R3, eto, The oams associated with any one switch are
distinguished from each other by their alphabetical designation and are also
distinguished from cams on the other switches by adding the numerical subseript
whioh applies to the switch on which it is loocated i.e., Kz or Mz, In some cir-
ouits sequence switches are used so as to have normal positions, that 1s posi-
tions in which the switch is resting when the circuit of which it is a part is
not in use, When the switch makes a complete revolution per call it has but one

=10~
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normal position (position 1); when a switch makes only & half revolution per
call, positions 1 and 10 are normal positions; and when it mekes only onethird
of a revolution per call, positions 1, 7 and 13 are normal positions., In all
positions other than normal, some particular operation or operations are con-
trolled end a "legend™ is shown on the circuit naming the various positions in
accordance therewith. Positions in which the switch does not stop are called
"pass by" positions which may be shown in the legend or omitted. In scme omses
a switch has no normal position and it remmins in one position until & call is
originated which requires its advance to some other position. The legend also
indicates in its heading the alphabetical designation of the last cam with which
the switch is equipped. The legend also indicates the striping which is re-
quired on the sequence switch index wheel. This striping is for the aid of the
maintenance force, Sequence switch legends are shown on most of the eirecuilt
sketches associated with these notes.

THE POWER DRIVEN INTERRUPTER

The power driven interrupter (see Figure 4) is a device for producing

open and closed periods in a eircuit or eirocults of some required duration and
seqguence. The interrupter consists of a cast iron frame, usually mounted &t the
top of & selector frame, with a double bearing bracket at one end in which a
gear driven spindle is free to revolve, The spindle is driven directly by a se-
gquence switeh drive shaft or through a reduction gear. In addition to the drive
gear the spindle carries s cam assembly whose periphery engages with a roller on
the end of a metal bar. The bar is supported at each end by a flat spring which
fastens to the iron framework, the springs holding the roller against the cem.
Fotetion of the cem results in a reciprocating motion of the bar. Extending venr
tically on both sides of the bar are insulated studs which engage with spring
assemblies attached to the freme in pairs, one above and one below the bar. The
switch may be equipped with eny number of pairs of spring assemblies from 1 to
15, Figure 4 slso shows the symbols which are used on cirouilt drawings to repre-

sent the various spring combinations cbtainable on & power driven interrupter.

=, %
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SUBSTATION EQUIFMENT

The only change necessary in the subseriber's station equipment when
converting from a manual to a mechanical basis is the addition of a "dial™ by
means of which the subseriber makes known the number of the line with which con-
nection is desired, Figure 1 shows the type of desk stand used at subscribers
stations which are served by Panel offices, The dial is mounted on the base,
the stendard having been located off center so as to make rToom for the dimsl.

The dial itself is shown in Figure 2. It is so constructed that by
proper manipulation the line circuit is momentarily opened & number of times
equal to the number of units in the particuler digit, of the called line number,
which is being dialed, The line eircuit elosure is tharérara not only under
control of the receiver hook but alsc under control of two normally made contact
springs (called impulse springs) which are pert of the dial. The movable por-
tion of the diml consists of a shaft which carries a finger plate and impulse
wheel and a governor driving gear. The finger plate has ten finger holes
normally located directly above the numbers from 1 up to 0 which appear regu-
larly speced on a fixed plate below the finger disl. The impulse wheel which
is fixed on the shaft has ten teeth in its periphery. The dial is operated by
inserting the finger in one of the finger holes and rotating the dial in a
clockwise direction until the finger comes up against a finger stop which 1is
attached to the stationary part of the dial. This rotation winds the dial
against a colled spring sc that when released by the finger the disl will re-
turn to its normal position, During its return to normal as many of the teeth
on the impulse wheel successively engage with an "impulse pawl™ as there were
units in the digit whioh appeared under the hole into which the finger wes in-
serted. Easch time one of the impulse wheel teeth engage with the impul se pawl,
g hard rubber bushing strikes one of the impulse springs and opens the line cir-
cuit contacts, The line circult is therefore opened as many times for each
digit dialed as there are units in the digit which appears direotly below the
hole into which the finger is inserted, except that when zero (0) is dialed the

oirouit is opened ten times.
The speed at which the dial returns to normal is controlled by a
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eentrifugal governocr which is driven by the gear mounted on the dial shaft, This
spead control is necessary in order that the line "open™ and line "closed™ in-
tervals be of such duration as will cause registration of the digit by the cen-
tral office apparatus, The dial transmits pulses at a rate of from 8 to 11
pulses per second while returning to normal. The open pericds vary from .050
second to .100 second and the olosed periods whioh ocour between the open periods
of & series of pulses, vary from .025 second to .050 second. In the same spring
assembly with the line contact springs is an additional set of springs whose
oontacts are normally open. These contacts are closed during the time the dial
is off normal so as to short-ocircuit the receiver and transmitter of the subset
during transmission of the dial pulses. This prevents the impulses from being
heard in the receiver and also aids registration of the number in the gentral
office by plasing a direct short-cireuit aeross the line during the closed por-
tione of the dial impulses,

Appearing on the fixed plate with the digits from 2 to ¢ inclusive are
the letters of the alphabst in groups of three, with the exception of the
letters I and Z. Thus "ABC" appears with 2, "DEF" with 3, etc. The dialing of
one of these letters has the same effect as the dialing of the digit with whieh
it is associated. These letters appear in order that the system of giving
office names can be maintained and the subsoriber will therefore not be required
to remember & or 7 digit numbers., Instead the exchange name and 4 digits are
used to distinguish one line from another. Theoretlioally where an exchange
area has an ultimate capacity of less than 100 offices 1t is sufficlent to dial
only the first two letters of an office name, but in an exchange area having
more than 100 offices it is necessary to dial the first three letters of the
office name, For this reason we have what are ocaslled, £ digit and 3 digit sys-
tems. Practically, sinoes letters appear only under eight of the 10 finger
holes, the number of offices in & 2 digit area is limited to 64, and ina 3
digit area to 512, The choice of names in an area served by a dial system must
be such that there are no duplications of the office code (first two or first
three letters of the office name) and no names used which ocould be spelled in
more than one way, The office code letters are capitalized in the telephone

directory to indicate that part of the name which must be dialed.
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CHAPTER IV
PANEL TYPE POWER DRIVEN LINEFINDER

The subseribers' lines extend into a Pansl type office through the
main and intermediate distributing fremes to terminals in "multiple banks™ which
are mounted on "linefinder frames". The Panel system gets its name from the
multiple bank which is of the "panel™ type. On each unit of the linefinder
frame (see Fig. 1) can be mounted a maximum of tem 40 point (sets of terminals)
banks of multiple terminals, and 60 sets of selecting brushes together with the
driving mechanism relays, terminal blocks, and other assooiasted apparatus. (The
earlier linefinder frames were equipped with a maximm of fifteen 20 point
multiple banks.) The banks, selecting brushes and clutch mechanisms are mounted
in the central unit of framework; the subseribers line, trip, and start ecirouit
relay eguipment is mounted in a section on one side of the banks, (The line
finder oircuit relay eguipment is mounted on the district frame); and the ter-
minal blocks are mounted at one end of the frame outside of the relay equipment.
In addition to the tip and ring terminals, there are two other terminals assooi-
ated with each line, One of these terminals is the "sleeve™ terminal and
corresponds to the sleeve of an answering jack., The other is known as the
"hunt™ terminal and serves a somewhat similar purpose to that of the line lamp
on a manual "A™ board. Fig. 1 illustrates the wiring in the aéntral office
which provides for terminating subscribers' lines on the apparatus through which
calls are originated, A local form carries the wiring from the terminsl blocks
on the linefinder frame to the line and out-off relays and to soldering lugs on
the multiple bank.

The "multiple bank™, which we will now desoribe, 1s the one used when
400 subseribers' lines originate cells at such a rate that 60 linefinders are re-
guired to care for the busy hour load, Other multiple arrangements will be de-
goribed later, The bank, similsr to that shown in Fig, 9, 1s divided vertically
in the middle, each half being made up of 172 metal strips placed one upon the
other, The first 1lé4 are separated from each other by strips of insulation. The
8 top strips are not insulated from each other, but are insulated from the 1l64th
strip and from the frame. 4 terminal strip or punching, has 15 contaot ter-
minale on each edge and a soldering lug at each end. The metal strips are piled
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in sets of 4, the lower of each set being & "sleeve"™ terminal strip; "ring",
"hunt" and "tip"™ terminal strips follow in the order named. Each of the first
40 sets of 4 strips is assoclated with one of 40 subseribers' lines., The ter-
minals on the four kinds of strips differ in their spacing so that they form 60
vertical rows on both the front and rear of each half of the multiple bank.
These vertical rows group themselves in sets of 4, there being a "tip" row, a
"hunt" row, a "sleeve" row and a "ring" row of terminals in each set, naming
them in order from left to right when facing either side of the frame. The ter-
minal strips in the bottom set on one half of the multiple bank, are connected
by wires from the lugs on their inner ends to the lugs at the inner ends of the
corresponding strips in the fortieth set on the other half of the bank, All
other sets of strips are similarly connected from one half to the other, There-
fore, if the sets of terminals in one half of the bank are associated with sub-
soribers lines from 360 to 399 inclusive the sets of terminals in the other half
of the bank are assoclated with the same lines but in the reverse order, that

is, from 399 to 360,
The line finders which hunt over the half in which the lines number

from 2860 to 399 are designated sub-group "A"™ and those which hunt over the lines
in the reverse order are designated sub-group "B". The lines also are divided
into two sub-groups. The lines from 260 to 379 being in sub-group "A"™ and the
lines from 380 to 399 being in sub-group "B". The controlling circuits are s=so
arranged that, when a line in sub-group "A" (in any one of the 10 banks)
originates a call, a line finder in sub-group "A™ 1s used to find and comnect
to the calling line, except that when all the line finders in sub-group "A" are
busy then & line finder in sub-group "B" will be used if there be an idle one.
Similarly, lines in sub-group "B" are served by line finders in sub-group "B"
unless they are all busy, in which case a line finder in sub-group "A"™ is used
{f thers be an idle one. This arrangement of multiple reversal and division of
lines and line finders into sub-groups reduces the average time required for a
1ine finder to connect with a calling line and therefore reduces the possibility
of a subsoriber dialing before the line is connected to a sender circuit in
which the number about to be dieled will be registered.

At one end of the bank, the "tip", "hunt"™, "ring" and "sleeve" strip

=15=
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soldering lugs (first 40 sets only) are conneoted by wiring in the local form to
the "T", "R", "5" and "M"™ terminals on @ terminal block which mounts at that end
of the linefinder frame. This wiring is quite clearly shown in Figs. 1 % 2,
The forty-first set of terminal strips and the group of 8 strips on the top are
not comnnected to subscribers' lines. In addition to serving as brush guides
they are used as "tell tale™ terminals, & use which will not be explained at
this time.

In front of each set of vertical rows of "T", "H™, "3" and "R" termi-
nals in the multiple bank fs located a brush rod on which are mounted 10 multipls
brush assemblies or "multiple brushes", one for each bank on the frame, and one
commitator brush. (see Fig. 10). There is, therefore, space for 30 brush rods
on eaoh side of the frame an arrangement which makes for economy in the use of
floor space, Vertiocal movement of the rod, & distance equal to the height of a
multiple bank, brings each set of line terminals on the entire frame within
reach of one of the 10 brushes on each of the 60 brush rods. A linfinder
multiple brush consists of a metal framework which supports 4 contact springs
insulated from each other. 4 spring separating device which engages the two
inner springs, normally keeps the springs spread apart so that they ocannot make
oontact with the line terminasls., The device consists of a metal detail hinged
to a projection at the bottom of the brush framework. The detail supports a
pair of rollers normally wedged between the two inner springs. Extensions of
the hinged detall serve as "trip" and "reset™ levers. When the brush is trippeqd
that is, the "trip lever™ has been pulled down from its normal position, the
roller swings out from between the inner pair of springs so that all four
brushes meke contaot successively with the vertical rows of terminals, when the
brush rod is moved upward, The trip mechanism consists of 2 trip magnets at-
tached to the linefinder frame at one end of, and Just below each multiple bank,
one on each side of the frame (see Fig. 2). When the trip magnet is energized,
it engages with and causes the rotation of a horizontal trip rod through an
angle of ahout 30°, This trip rod extends the length of the bank just above
the brush rod bearing plates and is held in its normal anguler position by a
Attached to the trip rod are 30 trip fingers, one for each

ratractile spring.

brush rod on the same side of the frame., RHRotation of the trip rod moves these
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trip fingers into such a position with respect to the trip levers on all of the
90 brushes whioch are asscciated with this particular bank that if any one of
these brush rods is driven upward the brush on this rod is tripped, so that the
springs make contact with the bank terminals. The ends of all brush springs
are provided with insuleting shoes in which the contact mechanism is embedded,
the shoes acting as guides for the springs. The left outer and left inner
springs ("tip" and "hunt") make contact with the left side of the tip and hunt
terminals respectively, and the right outer and right inner springs ("ring" and
"sleeve™) make contact with the right side of the ring end sleeve terminals re-
speactively., The trip magnets associmted with only one multiple bank can be op-
erated at one time, otherwise a finder might be electriceally connected to the
terminals of two or more different lines at the same time. The reset lever ex-
tends below the brush when in the tripped position and to reset the brush, this
lever must be pushed up to its normal position so that the rollers reenter be-
tween the inner pair of brush springs. A4t the bottom of each bank there is a
comb for guiding the brushes on to the terminals in each vertical row. This
comb consists of pleces of sluminum ocasting, fastened to the multiple bank
frame, there being vertiocal ribs on the outer surface of these castings. At
the top of the bank, the 8 additional terminal strips serve as guldes and no
oomb 1s necessary.

The brush rod on which the multiple brushes are mounted 15 a hollow
metal tube held in place and guided by bearing plates at the bottom of each
bank with the exception of the bottom bank. A bearing plate is not placed at
the bottom of the lowest bank for the reason that the brush rod extends only
to the bottom of this bank and would move out of the bearing each time it is

elevated, Within the rod is carried the wiring which connects the correspond-

ing springs of each of the 10 brushes.
Attsohed to the lower end of the rod is a flat strip of bronze known

Thers are rectangular slots in the strip on 1/6" ocenters corres-
The

es & "rack",
ponding to the spacing of the sets of line terminals in the multiple bank.
rack is somewhat longer than the height of a multiple bank. On each side of

the frame, the brush rod racks extend downward in front of two "friotion rolls”®

which ere mounted horizontally one €bove the other, The rolls (shown in Fig,

11) are gear driven by small electric motors, there being one motor for the
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rolls on the same side of two adjacent fremes. Each of the rolls consists of &
steel shaft ocovered with a layer of cork the upper roll being the down-drive
roll and the lower one the up-drive roll. The two rolls in each set revolve in
opposite directions, one of them being known as the "up-drive" roll, the other
as the "down-drive" roll. In front of the two "friction rolls" on each side of
the frame, are mounted 30 "cluteh" assemblies, one associmted with each of the
60 brush rods on the frame. The line finder "eclutch" consists of an up-drive
("UP") magnet and roller, a down-drive ("DOWN") magnet and roller, a pawl and
e pawl trip lever, all mounted on a metal framework. (The clutch used on a
final selector 1s shown in Fig. 12. On the line finder clutch the top and
bottom magnets shown ere omitted.) The up-drive roller presses the rack against
the up-drive friction roll when the UP magnet is energized causing the brush rod
to move upward., When the UP magnet releases, the brush rod drops back against
the pawl which has engaged with onea of the slots in the rack, This pawl is
pivoted on the clutch framework and is tensioned toward the rack at all times,
by & retractile spring. 4n index stemped on the edges of the face of the rack,
indicates, with reference to the top of the clutch magnet assembly, the number
of the set of line terminals in eaoch bank opposite which their respective
multiple brushes are resting. When the down-drive magnet is energized, the pawl
trip lever disengages the pawl from the rack following which the down-drive
roller presses the reck ageinst the down-drive friction roll, returning the
brush rod to normal. If one of the brushes has been tripped, the reset lever
of this brush strikes the trip lever rod, causing the trip lever to be pushed up
to its normal position, thereby resetting the brush. Just above two of the
multiple brushes, up-stop collars are attached to the brush rod to limit its
upward motion., A down-stop detail is collared to the lower end of each brush
rod and this stop detail carrying the weight of the rod, brushes and rack nor-
mally rests against the top plate of the eluteh framework.

Attached to the upper end of the brush rod is a set of brush springs
called & "commutator brush" (see Fig. 13), The "T", "H", "S" and "R"™ springs
of the multiple brushes are connected by the wiring whioch is carried inside of
the brush rod, to the ocorresponding springs of the commutator brush, and, as

the brush rod moves upward, these springs slide along on the surface of the
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"commutator”, making contaot with similarly designated commutator segments, A
commutaetor is a bar of insulating meterial in which are embedded a number of
metal strips., It is fastened by a steel detall called a "commutator locating
plate™, to the top of the frame in such a position that the commutator brush
springs make oontact with andslide over 1ts segments when the brush rod is
driven upward. The metal strips terminate at cne end in soldering lugs which
are wired to other apparatus in the linefinder district cecircuilt as required,
The commutator and commutator brush are, therefore, necessary in completing =a
connection between the cireuit of which a particular line finder is a part, and
a set of multiple bank terminals with which one of the multiple brushes is in
contact. The commutator brush amlso hes other springs designated "G", "M"™, "N",
"K"® and "X", and "C", all of which are strapped together but each of which
makes contact at various times with separate but similarly designed segments on
the commutator, These brushes and segments are used to control verious circuits
and their use will be explained when deseribing that part of the cperation in
which they come into play.

There is one regular trip cirouit for controlling the trip magnets
and the relays used in this trip circuilt are mounted with the line and cut-off
relays at one end of the bank with which they are asscciated, An emergency
trip oircuit is mounted above the relay equipment at the end of the top multi-
ple bank. Conneotion is made %o each regular trip circuit by inserting a plug
in & jack adjacent to the relay equipment. Trensfer of this plug to the emer-
gency set of springs in this jack box, cuts in the emergency trip circuit in
place of the regular one, In this way, the one emergency trip circuit can be
used in place of any one of the 10 regular trip circuits.

There is one "start"™ circuit for the group of 60 linefinders on the
frame which we have described and the relays used in this circuit are mounted
at the top of the frame just mbove the emergency trip circuit relays. Relmys
for an emergency start circuit are mounted just above the relays for the
regular start cirouit, and the emergency start circuit can be "out into ser-
vice™ in place of the regular circuit by moving a plug in the jack asscciated
with the start cirocuits. Below the relay equipment is mounted a fuse panel,
whioh feeds battery and ground as required by the line trip, and start circuit

=19=
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apparatus mounted on the frame. The individual line finder espparatus is fed
thru fuses on the district frame. Jacks used for testing ammaintaining the
equipment on the frame are grouped on jack mountings attached to the framework
at the end of the multiple banks next to the relay equipment. The power driven
interrupters which are associated with the line finder circuits on & linefinder
frame are mounted on a separate interrupter frame which is shown in Fig. 3.

We have mentioned that there 1s a local form essociated with each
multiple bank which carries the wiring between the multiple bank, line and
cut-off relays, and the line terminal blocks. The loecal cabling on & linse
finder frame consists of the following:

1, Two line finder local cables.

2. Ten multiple bank-line relay and trip eirouit loocal cables
for esach line relay bay.

2 One start and emergency trip circuit local cable for each
start circuit unit,

4, One locel oable for each line relay bay.

L One looal power ocable for sach line of frames.

Each line finder local cable ties together the clutches, commutators
and misoellansous Jjacks assocociated with the line finders on one side of the
frame and is terminated on the four terminal strips near the top of the left
upright of the bay. One subscriber's line relay and trip oirouit local cable
is required with each line relay unit and associated bank or banks. The ocable
extends from the multiple bank and trip magnet terminals past the relay equip-
ment and trip circuit jack to the line relay unit terminal strip. When the
subscriber's lines are multipled before two line finder frames as on a 40 and
B0 line finder group the loocal cable is extended from the terminal strip to
the soldering terminals of the adjoining multiple bank. The start and emer-
gency trip cireuit relays are connscted by the start and emergency trip oir-
cult local cable to the jack thru which connection to the stert cireuit is=s
made, The line relay bay local cable connects the start circuit egquipment
and the battery leads with the ten line relay and trip cirouit units., It
extends between the terminal strip of the units and the fuse panel with an
arm connecting to the terminal of the start circuit jack. One local power
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cable is required for each line of line finder frames to carry the miscellaneocus
leads running between the two sides of the same frame, between adjacent frames,
and from points beyond the line finder frames, to the distributing power terminel
strip which is looated at the end of the line-up. From this point the lemsds are
carried in switchboard cable to the power alarm board, IDF eto. The miscellan-
eous leads of the line finder circuit are picked up by the local power cable at
the power terminal strip of this bay and those of the line relay bay at the
power punching of the start circuit unit terminal strips. Figure 8 shows the ar-
rangement of the various line finder local cables, The line finder district
cirouit are oabled in groups of five and the number of cabled line finders on a
frame will be a multiple of this number, .

The line finder bank which has been described was the one used when
400 subseribers lines originate suoch an amount of traffic as requires the use of
B0 line finders. Other multiple bank arrangements are used whereby 28, 40 or B0
line finders are grouped together to care for the traffic which 1s originated by
400 lines, In these omses the multiple bank is di;idad vertically and the multie
ple strips are divided into sections. There are two trip magnets one on each
side of the frame for each group of lines and the trip rods actuated by these
trip magnets extend only the length of the group and not the length of the frame.
Figure 14 illustrates the bank arrangements for the 28, 40, 60 and 80 line
finder groups.

Each one of these line finder units is a part of andis used in the
girouit unit omlled the ™line finder - distriot"™. The line finder - distriet
includes a distriet selesoctor which is somewhat similar to a line finder for it
also consists primarily of a brush rod, multiple brushes, a clutch mechanism, a
commutator and & commutator brush. The distriot selector is mounted on a frame
whioh is also somswhat similar to a line finder frame. The line finder and
distriot selector parts of the line finder district circuit are connected by
swltohboard oablas., Each cable carries the wires for connecting 5 cirecults
{6 1leads per cirouit) and terminates on terminal blocks mounted on the end of
esach of the line finder and district frames, The relays, resistances, and
sequence switch associated with each line finder - district eircuit are mounted
on the district selector frame and not on the line finder frame.
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downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132
Chapter IV
The symbols used on circult drawings to represent various parts of the
powsr driven line finder are shown in Figure 15, These symbols are used in a

similar manner for all power driven selectors,
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CHAPTER V
THE PANEL LINK FRAME

Before we can proceed with an explanation of the operation of a line
finder we must first have a particular line finder selected for use on the call
which we will later assume to be originated. We know that the calling line
should be connected with the sender circuit as soon as possible after the sub-
soriber removes the receiver from the hook so that he will not become impatient
walting for the dial tone and proceed with the dialing before it is possible for
the dial pulses to be registered. The circuit unit whioch selects a particular
line finder for use on an originating call and which also connects this line
finder with an idle "sender" circuit is the "link"™ circuit. Two types of link
cirouits have been developed, the rotary and the panel, The apparatus which is
to be described at this time is the "panel link", The apparatus consists essen=-
tially of a panel frame of the same general construction as a line finder frame
on which are mounted two groups of brush rods with their assocociated elutches,
brushes, ocommutators and commutator brushes. The brush rods in one group are
called distriet finders, their function being to select an idle "line finder =
distriet"™ cirouit for use on the next ocall to be originated. The brush rods in
the other group are called sender selectors, their function being to seleoct an
idle sender in which to register the number about to be disled. With this
general idea we will proceed with the description of the apparatus which is a part
of and is used in the "panel link™ cirecuit.

The assembly of a panel link frame is shown in Fig. 1 and the equipment
mounted thereon is shown in Fig. 2. The frame consists of three beys, the center
one of which conteins a panel bank, clutches and brush rods. The bays at the end
are used for sequenoe switches, relays, fuse panels, jack panels, et¢. The freme
has capaclty for mounting 30 links, each link including two brush rods, a dis-
trict finder and a sender selector. Facing the front of the freme the 15 brush
rods on the right-hand half of the frame are the district finders of the odd
numbered links, 1 to 29 and the 15 brush rods on the left-hand half of the frame
are the sender selectors of these links, 1 to 29. Facing the rear of the freme
the 15 brush rods at the right are district finders of the even numbered links,

2 to 30, and the 15 brush rods at the left are sender selectors of these links,
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Two 100 point banks (100 sets of terminals, & terminals to a set) are
used for the sender multiple, Each sender selector brush rod is equipped with
two brushes, one for each bay. The brushes are made similar to the line finder
brushes, the inner pair of springs making contaet with opposite sides of the
middle terminal in any set. The left inner spring on both brushes is used only
to balance the tension between the two halves of the brush. The brushes are so
spaced on the rod that when the lower brush 1s making contact with a set of three
terminals in the lower bank, the upper brush is making contact with the corres-
pondingly situated set of three terminals in the upper bank. 4 set of three ter-
minals in one bank is thus combined with a set of three terminals in the other
bank to make a set of =ix terminsls through which the brushes make contact with
T, TR, R, FT, 8C, and FR leads from one sender. The six leads from each of 100
senders are in this way multipled so as to be mccessible to any one of the thirty
sender selectors.

For cases where the traffic is such that the division between link ecir-
ocuits which hunt in one group of senders and those which hunt in another group of
senders comes between links on the same frame, banks are provided in which the
multiple is aplit vertically in the middle giving 15 links access to each sender
group, or is split so as to give 10 links access to one sender group and the re-
maining 20 links access to the other sender group.

There is & brush rod bearing plate at the top of each bank for guiding
the rod, In addition a vertical gulde rod extends from the top of the lower bank
to the top of the cluteh mechanism just behind the brush rods end & fixture at-
tached to the brush rod engages with and slides on this guide rod. The rack is
slotted to correspond with the sets of multiple terminals, both the terminals and
slots being on 1/8" centers. The clutch and driving mechanism are similar to
those used in the line finder but there is no trip magnet or trip rod since the
brushes are permanently tripped. The T, TR, R, FT, SC and FR multiple brush
Tremes on each brush rod are connected by wiring carried within the rod to
similarly designeted springs on the commutator brush which make contact with and
slide over metal segments on the commutator. These six commutator segments are
connected through the local cabling to the cams on the sequence switch which be-

longs to the same link eircuit. The commutator has three additional brush springs
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designated "G", "Y" and "Z", eand "C" and "X" there being commutator segzments
similerly designated. The commutators are attached to the frame just above the
upper sender multiple bank, Stop collars on each brush rod limit the motion of
the rod both upward esnd downward.

The multiple bank to whose terminal the leads from a group of line
finder district cirocuits are conneoted is mounted in the central bay just above
the sender selector commutators. This bank is of two sizes, the small of which
has 44 terminals in each vertical row and the larger has 84 terminals in each
vertical row. The vertical rows are grouped in sets of three and the multiple
strips are stacked in sets of three. The smaller bank 1s used where there are
28 or 40 "line finder - distriots" in a group, and the larger where there are 60
or 80 "line finder = distriects" in a group. The district finder brush rods are
each equipped with two brushes so spaced that when the lower brush makes contact
with a set of terminals in the lower half of the bank the upper brush is making
contact with the correspondingly located set of terminals in the upper half of
the bank. The sets of & terminals esach in the upper and lower halves of the bank
ars thus combined to meake sets of =ix terminals each to which the six leads (T,
TR, R, FT, SC and FR) from each line finder - district circuit are connected., The
district finder brushes are permanently tripped and are otherwise similar to the
sender selector multiple brushes. The distriet multiple bank is divided verti-
cally, each terminal strip being divided into sections. There is one section for
each pair of odd and one section for each pair of even numbered district finder
brush rods and one additional section for the 15th finder on each side (#29 and
#30). This arrafigement permits the district firder end therefore the link circuit
to be divided into groups as required to care for the traffic. The traffie
originated by & sub-group of lines is handled by & sub-group of line finders. The
sub-group of line finders is in turn served by & sub-group of link cirecuits. To
gcare for the traffic originating thru the 14, 20, 30 and 40 line finder sub-
groups the corresponding link sub-groups contain approximately 12, 14, 16, 20 and
24 links respectively, these numbers varying with the traffic in each particular
case, Adjacent sections of multiple strips are =trapped together to build up &

1ink sub-group multiple to meet the trafflic requirements.

The sequence switches which are associated with the odd numbered links

=2Fa
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are mounted in the bay to the right of the odd numbered district finders and the
sequence switches whieh are associated with the even numbered links are mounted
in the bay to the right of the even numbered district finders. Below the se-
quence switches ere mounted the key and lamp panels, jack panels and fuse panels,
Above the sequence switches are mounted the link circuit relays.

The link frames are assigned in pairs, an A frame and a B frame. The
district finders in & sub-group on the 4 frame hunt over the terminals of "line
finder - distriots"™ which belong to an A sub-group of line finders. The district
finders in a sub-group on the B frame hunt over the terminals of "line finder -
districts™ which belong to a B sub-group of line finders. The link sub-groups
are, therefore, numbered to correspond with the numbering of the line finder sub-
groupss The odd numbered link sub-groups are generally placed on the front of
the frame and the even numbered sub-groups on the rear, In locating the link
fremes on the floor it is desirable to arrange the frames in pairs so as to keep
the links of a group in the same aisle. Six frames can be located in a line in
many cases., Figure 3 shows the arrangement of link circuit sub-groups to corres-

pond with the "line finder - district" sub-groups.
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CHAPTER VI
CONNECTING A CALLING LINE WITH AN IDLE SENDER CIRCUIT

We now have some conception of the equipmﬂﬁt which 1s involved in eon-
hecting & calling subseriber's line to a sender circuit in which the called
number is to be registered when dialed by the subscriber. We have not yet de-
seribed the apparatus which goes to make up a sender eircuit, nor how the senders
are mounted on frames, and we will postpone that description until we are ready
to register the number which i1s dialed.

4 link eircuit is a willing worker and as soon as it completes its
cycle of operations on one oall it proceeds to hunt for and conneect itself to an
idle "line finder - district™ circuit so as to be ready for service when itsnext
turn comes. When referring to a "line finder - distriot"™ circuit we may speak
of 1t either as a line finder or as a district. Any distriet circuit which is
not in use grounds a lead designated (ST) to the associated sub-group of link
circuits, to notify them that there is one or more idle district circuits. The
panel link hunting ecireuit is shown in Fig. 1. When a link has completed its
service on a call its sequence switeh 1s advanced to position 7, which is the
hunting distriet position. The ground on the (ST) lead operates the (RL) relay
in the link circuit. The (C) relay operates and the district finder UP mmgnet
(D) is energized ocausing the district finder to move upward. The brushes make
contact successively with the six terminals of the distriet ecircuits in the bank
and when an idle district is reached & cirocuit is closed from battery through
270 ohms in the distriet circuit over lead (TR) operating the (T) relay in the
link eireuit. Operation of the (T) relay does not release the (C) relay until
the brush rod has been driven upward far enough so that the "C" commutetor brush
breaks contact with a segment of the "C" commutator. The (C) relay then releases
the UP magnet releases, and the brush rod drops back so that the pawl in the
elutch mechanism enters & slot in the brush rod rack, thereby centering the six
brush springs on the six terminals of the idle district ecireuit. The "C" commu-
tator brush and segments perform the funotion of making it certain that the
brush rod is driven high enough after an idle terminal is found to allow the
pawl to enter the corresponding slot in the rack (all trunk hunting power driven
selectors have & "C" commutator brush and segments for a similar purpose). If
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the finder travels to the top of the bank without finding an idle district the
(5W) relay operates and locks, releasing the UP magnet. The DOWN msgnet (D) is
then energized and febha brush rod moves down to the bottom of the bank in which
position the "Y" commutator brush makes contaet with the "Y" commutator segment
and short-circuits and therefore releeases the (SW) relay. The release of the
(5W) relay opens the DOWN magnet circuit and closes the UP magnet circuit so that
the brush rod is again moved upward and the idle distriet is found., The district
finder and sender selector brush rods have no normal positions as do the power
driven trunk hunting selectors. When the 1dle district is found the operation of
the (T) relay short oirouits its 5 wdg., holds thru its P wdg. and connects
ground thru its P winding to the TR lead as a temporary busy condition. When the
(T) relay operates the (RL) relay releases thus causing the advance of the link
seguence switch to position 8, whien 1s the "awaitling distriot” position. In po-
sition 8 with the (T) relay operated, ground is connected over the T lead to the
distriet, operating the distriet (L) relay and thus edvancing the district switeh
to position 2, "awaiting call®™, This advance of the distriot switch releases the
district (L) relay and opens the (TR) lead =0 that the (T) relay in the link oir-
ouit releases, The opening of the (TR) lead also prevents any other link which
is hunting for an idle distrioct eircuit from selecting this same district. The
release of the (T) relay advances the link switch to the "awalting allotment' po-
sition.

The link circuits in & sub-group are used in rotation and there can be
but one link in the "awaiting call" position at a time, all other idle links re-
meining in the "awaiting allotment™ position. When a link which has been walting
for a ecall to be originated moves out of the "awaiting call™ position the pre-
ceding link in the sub-group is ellotted, that is, advanc~d out of the "awalting
allotment™ position into the "awaiting cell"™ position. If all links in the sub-
group are awalting ellotment, the last link is allotted for use on the next call.
The link which we have mentioned as being the last link does not derive this
designation from the order in which it is allotted, but from the order in which
the lead from the start cirecuit connects to and loops through the chalin of links
in a sub-group. Figure 2 shows the link allotting circuit and is self-explana-

tory.
-28-
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4ssume that the link whose operation we are following is advanced from
the "awaiting mllotment™ position to the "awaiting call”™ position. We now have
& link connected with en idle district circuit, both of them in the "awaiting
call™ position at the time that & subscriber whose line is in en A sub-group re-
moves the receiver from the hook. Figure 3 shows schematically the circuits in-
volved in connecting & calling subsoriber's line with an idle sender circuit.
When the receiver is removed from the hook the (L) relay in the line cirecuit op=-
erates, connecting battery through a 500 ohm resistence in parallel with the 500
ohm winding of the (R) relay to the "H"™ terminal strip associlated with this line
in one of the line finder multiple banks. The operation of the (L) relay oper-
ates the (A) relay in the trip oirouit. The (4) relay operated, operates the
(AL) and (TR) relays. The (TR) relay locks through its (P) winding, operates
the (ST) relay in the start circuit end operates the trip magnets which are
assoclated with the group of lines in which the subseriber's line terminates.
The (D) relay operates and locke under control of the (R) relay, thereby causing
operation of the (FLA) relay and connecting ground over the (STA) lead to the
(A) sub-group of links which are associated with the line finders of the freme
on which this subscriber's line terminates, (If all of the links were busy in
sub-group (i), this ground would be connected over the (STB) lead instead of the
(STA) lead to the (B) sub-group of links.) This ground on the (STA) lead is
conneoted throusgh the chain of links in the sub-group to that link which is
ewaiting a ocall, and through that link to the "line finder - distriet™ circuit
causing the operation of the (LF) relay. The (LF) relay locks under control of
the (H) relay to ground through the "N" commutator. Operation of the (LF) relay
closes the line finder UP magnet circuit and connects ground to the FR lead.
This ground operates the (GA) relay in the start circuit and the (SW) relay in
the link eircuit, The (GA) relay operated, opens the (STA) lead, releases the
(FL4A) relay and holds the (ST) relay operated. The operation of the (SW) relay
advencss the link switch to position 2, "hunting sender"™. When the link ad-
vances, the district (L) relay operates and locks in position 2. The GA lead is
opened when the link advaences but the (GA) relay holds under the control of the

{(TR) relay. The (GA) relay also holds the (5T) relay operated so as to prevent

another call from being started, Since the switch magnets are energized when the
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brush rod is driven upward, the multiple brushes assoclated with the bank in
which the calling line terminates are tripped so that the brush springs make con-
tact with the line terminals., When the line finder brush rod hes travelled up=-
ward beyond the tripping zone the K commutator brush makes contact with the K
segment holding the (ST) relay but short circuiting and releasing the (TR) relay.
The release of the (TR) relay releases the trip magnets and the (GA) relay. The
(ST) relay releases as soon as the brush rod has travelled high enough so that
the K commutator brush breaks contact with the K segment. Another line finder
can be started as soon as the (ST) relay releases on a cell from any of the other
lines on the frame. When the line finder brushes make contect with the terminale
of the calling line the (H) relay operates releasing the (LF) relay., The trip
circuit (R) relay then operates and holds thru its S winding until the (D) and
{LO) relays release. The (D) relay is slow in releasing so that on an overthrow
of the line finder brushes the (R) relay is held operated so as to prevent the
starting of a second line finder on the same call before the brushes of the first
have settled back on the terminals of the calling line, The line (CO) relay 1is
operated from battery thru 220 ohms in the line finder cirouit over the 5 lead.
Operation of the (CO) relay releases the line (L) relay. The release of the line
(L) relay releases the (A) and (R) relays in the trip circuit and releases the
(H) relay in the line finder oircuit. With the district (L) relay operated as
previously described the release of the (LF) relay advances the district switech
to position 3 "awalting sender™, The distrioct (L) relay releases when the switch
advances.

We now have the calling line connected to a line finder cireuit and,
thru this line finder, to a link circuit. This link haes in the meantime been
hunting for and connecting itself to an idle sender circuit. TFigure 1 shows the
sender hunting cireuit, the operation being practically identical with that of
the district hunting circuit. When the (RL) relay releases after an idle sender
has been found, the link switch is advanced to position 3, "awalting sender ".
This edvance closes the SC lead from the sender to the distriet cirouit, which is
also in the "aweiting sender" position.

When the seleoted sender is one of the last ten (or twenty if so de-
sired) at the top of the bank a eircuit is closed thru the Z commutator which
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causes the sender selector to return to the bottom of the frame at the end of
the call instead of remaining on that set of terminals until the link is ad-
vanced to the hunting sender position on e succeeding call. This is done to
avold as far as possible delaying the selection of a sender by waiting for the
selector to be driven from the top to the bottom of the frame during hunting.
The closure of the (SC) lead operates the district and sender (SC) relays but
does not operate the district (D) relay. Operation of the sender (SC) relay
operates the (sSCl), (Hl) and (SB) relays. The (SB) relay operated, opens the
(TR) lead, releasing the link (T) relay end preventing selection of this sender
by any other link. The release of the link circuit (T) relay edvances the link
ewiteh to position 5, "eut through", in which all of the six leads except the
(TR) lemd are connected through from the district to the sender, and the link
remains in this position until the sender has completed 1ts functions and is
dismissed by the district. We now have the calling subscriber's line connected
to a sender circuit and the subscriber is waiting for a diel tone. Before we
have the diel tone transmitted by the sender cirecuit we should learn something

more about the sender circuit and the apparatus of which it conslsts,

e, .
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CHAPTER VII
SUBSCRIBER'S SZNDERS - AFPFPARATUS AND FRAME

In the analogy betwsen panel system and manual system operation in the
Tirst chapter of these notes we found that the sender circuit was the brains of
the system, for it told subscribers when to dial, it registered the numbers that
the subseriber dialed, and i1t went through & process cslled "Translation" where-
by it decided what control it must exercise over the various selective mechan-
isms in order that the connection be properly completed. The necessary control
was then exercised and an idle trunk to the office in which the called line ter-
minates was selected. Finally the called line itself was selected and the sender
then caused the selector mechanisms to connect the calling line with the called
line, Since its services were no longer required the sender returned to normml
in order that it might be used on another call.

The sender is, therefore, composed of pieces of apparatus which operate
to fulfill these functions, Every sender circuit consists of a number of relays
condensers, resistances, seguence switches, registers, and the "translator”
mechanism.

A two-diglt sender circult contains four sequence switches, - a sender
control switeh, a sender switch, a class switeh, and an RCI impulse switch,
designated (R-1), (R-2), (HA-3) and (HE-4) respectively. The various switches con
trol the ecirecuit conditions in the sender during completion of & call as follows

(a) The sender control switeh, (R-1l), controls the seizure of the

sender and the return of the sender to normal.

(b) The sender switeh, (F-2), controls district selections, trunk test,
numerical selections on mechanical calls, and the start of RCI pulses

on RCI class ocalls.

{e) The class awitech, (R-3), ceuses the sender to function as required
for completing the various classes of oalls. By class of call we
mean whether the cell goes directly to a subscriber in another panel
type office, directly to & subscriber in & manuel office, whether it
is completed thru a tandem office, or whether it goes to a toll, in-

formation or specisl operator. In each of these cases, the sender

1
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must function differently. The class switch has no normal posi-
tion end remains in one position until a suceeeding call requires

that it be set in a different positionm.

(d) The RCI impulse switeh, (R-4) establishes the eircuit conditions
required for sending RCI impulses to manual or tendem offices. The
switoh mekes two revolutions on each HCI call.

The two-digit sender contains nine 200 type selectors designated the
register control (RC) switch, office code registers (A) eand (BE), the numerieal
reglsters (TH), (H), (T), (U) and (STA) and the time measure switch (M). The
three-digit sender has an additional 200 type selector for the office oode regis
ter (C). The use of these selectors is as follows:

(a) The register control (RC) switeh directs the impulses from the
calling subseriber's dial to the office code and numerical registers
in proper sequence. The register ocontrol switech slso prevents an
attempt to make any selection before the registers whieh control

this selection have been set,
(b) The office-code registers control the setting of the "translator™.

(¢} The numerical registers control incoming end finel selections on
mechaniocal class calls and control the circuit conditions established

for sending RCI impulses on RCI class calls.

(d) The time measure and alarm (k) switeh measures the time allowed the
sender for performing its several functions and if a given part of
the sender's operation has not besn completed in this measured time

& signal is displeyed at an operator's position,

The translator mechanism for a two digit sender consists of two, or four
1203 type selectors which are mounted on the seme frame with the sender. The
translation of the setting of the office code and numerical registers ina 3
digit sender is performed by a decoder or a power driven selectoar on a separate
freme, called & translator frame, in conneotion with a motor driven pulse machine.
The descoription of the apparatus used for translation will be made later when

translation itself is explained.

35
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The 200 type selector which will now be described (shown in figure 1) is
a step-by-step rotary switch which has facilities for controlling six separate
cireuits., It is composed essentially of a brush assembly, stepping magnet, and
e semi-circular bank of teérminals. The bank consists of six rows of 22 termi-
nels each mounted radially in a semi-circular mounting which is concentric with
the brush assembly shaft., The terminals extend through the mounting, the pro-
Jections on the inner surface providing wiping contect for the brushes, and
those on the outer surface forming soldering lugs. The first terminel in each
row is used for making connection with the corresponding brush and for that pur-
pose the inner projeotion is extended in the form of & flat spring which forks
out on each side of the shaft so as to rest on a slip ring portion of the brush.
Each contect brush 1s composed of two flat springs so formed that they rest on
opposite sides of any terminal with which they are making contact. Around the
shaft the springs form the slip ring with which the brush feed terminal springs
make contaot., The brushes are double ended so that when one end of the brush is
advanced a step from the last terminal the other end of the brush makes contact
with the first of the 22 terminals, BErushes may be bridging or non-bridging.
The non-bridging brush makes contact with cne terminal before it breaks contact
"with the next, and a bridging brush makes contact with a terminal before it
breaks contaect with the preceding terminsl. A non-bridging brush ecamnnot be de-
pended upon not to bridge nor can a bridging brush be depended upon to bridge.
The stepping mechanism consists of a ratchet wheel mounted on the

brush sssembly shaft the teeth being spaced so as to correspond with the multi-
ple bank terminals, A stepping magnet is mounted on the same freme which fur-
nishes the bearing for supporting the shaft of the brush assembly. To the arma-
ture of the stepping magnet is attached a spring pawl which engages the ratchet.
Each time the mmgnet operates the pawl is advanced one step and when the magnet
releases a coiled spring pulls the armature back to its normal position, and in
so doing the pawl pushes the brush assembly around one step. 4 set of contect
springs on the magnet may be used so as to open the magnetizing eircuit each
time the magnev operates and thus continue stepping the brushes shead until the
eircuit is opened at some other point. The multiple bank mounting fastens to the

framework on which the selectors are to be mounted, and the frame whioh supports

the stepping magnet and brush assembly {s fastened to the multiple bank mounting

Y. .
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by two machine sorews. This arrangement makes the brush assembly and stepping
magnet readily removable both for shipping and msintenance purposes and it also
makes it possible to provide ultimate multiple bank space without initially pro-
viding the magnets and brushes,

The register and register control switches have two normal positionms,
spaced 10 terminals apart; the normal terminal is designated N and each set of
10 terminals are numbered from 1 to 0. The time measure switeh has but one nor-
mal position and its terminals are numbered from 1 to 21, An attached sketch
shows the conventions used on circuit drawings to represent a 200 type selector.

On some of the earlier panel type installations the 200 type selsctor
was used as a line switeh, for conneeting the line to an idle distriet eirecuit,
and as a sender selector for comnnecting e district selector to an idle sender
circuit. The line switeh and sender selector use ornebrush and arc of terminmls
for hunting an idle c¢ircuit. The line switoh connects the T and R leads from
the c¢alling line to the T and R leads from the distriet selector and the sender
selector, (which is part of the distriet selector cirecuit) conneots the T, R, FT,
SC, and FR leads from the distriet to the sender.

On the latest sender frames the senders are mounted as units on a
single sided steel framework, there belng six senders per frame in both two and
three digit offices. At one time only 5 senders were mounted on a unit type
freme and originelly sender frames were not of the unit type, that is all of the
epparatus belonging to one sender circuit was not mounted together on a frame-
work as a unit., =Zach unit type frame is equipped with one interrupter unit which
is common to the six sender circuits. The three diglt sender frame is divided
into three bays: the left-hand bay for mounting sequence switohes and inter-
rupters; the middle bay for mounting relays, terminal strips and the drive motor;
the right-hand bay for mounting the 200 type selectors.

The two digit sender frame, arranged for 44 office codes, is divided
into four bays, while that for 88 orfice code is divided into five bays. The
first bay on the right hand side is used for mounting the 200 type selectors; the
second from the right mounts the releys and resistances; the third bay from the
right mounts the seguence switches, interrupters and drive motor; and the re-
maining bay or bays are used for mounting the 1203 type power driven rotary se-

lectors and terminal strips. The relay portion of the sender units are arranged
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for enclosure in & metal dust-proof cesing.
The sender circuits are cabled from the terminal strirs on the sender
frame direetly to the sender multiple on the link frames. 4 full group of 100

senders is multipled on from 12 to 16 link frames, (approximately) accordine to

traffic,.

The two and three digit sender freme and unit essemblies are shown in
sketches attached. Other sketches show the cabling between subscribers links and

sender frames and the local cabling on & three digit sender frame,
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CHAPTER VIII
DIALING AND REGISTRATION

Those parts of the line finder, link and sender circuits which are
used in the reglstration of & dialed number are shown schematlicelly in figure 1.
When the link cirouit switch enters the "cut through” position, the (L) relay in
the sender circuit operates. The operation of the (L) relay causes the opera-
tion of the (SR) and (SR1) relays. The (SRl) relay, operated, closes the dial
tone circuit whereby dial tone is inductively trensmitted to the calling sub-
seriber. Let us assume the subseriber dials Academy 1345. When the dial re-
turna to normal after dialing "A™, the line eircuit is opened and reclosed
twice. The first opening of the line circuit releases the (L) relay, thus op-
erating the (RA), (PH) and (ON) relays and the "A" register stepping magnet.
The (RA) relay, operated, operates the register control RC stepping magnet.
The (SR) relay is slow in releasing so that it holds over the open periods of
the dial pulses. When the line is reclosed by the dial, the (L) relay reoper-
ates, but the (PH) relay holds the eircult, through its own winding and the
windings of the (RA) and "A" stepping magnet, closed until the "A"™ magnet
breaks its back contact. The (PH) relay and "A™ magnet then release but the
(RA) relay is slow to release and holds until all of the pulses for the first
digilt have been received. The release of the "A" magnet advances the A"
register one step from normel to terminal 1. When the line ia opened the
second time, the (L) relay again releases, the (RA) relay is held operated and
the (PH) relay and "A" magnet reoperate. The (L) relay reoperates at the end of
the second open period and the (PH) relay and "A"™ magnet release as soon a3 the
"A" magnet breaks its back contact. The "A" register is thus advanced another
step and its brushes are now making ocontact with terminal 2. Since the dial
has reeched normel, the line will not agein be opened until the next digit is
dialed and during this interval, the (RA) relay, which has been holding during
the series of pulses corresponding to the first diglt, releases thus cauaing
the release of the "RC" stepping magnet, The "RC" awitch is thus advanced one
step from normal to terminal 1. The advance of the "RC" switch tranaferas the
pulsing eircuit from the "A™ register magnet to the "B"™ register magnet. ‘hen

the second digit, that is the letter "C" is disled, the line oirouit is again

-37-
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opened, and reclosed, twice causing the repetition of the series of operations
Juat deaeribed except that the "B™ stepping magnet, which is cperated and re-
leased in the pulsing cireuit instead of the "A" stepping magnet and the "B"
reglster is advanced from normal to terminal 2. 'When the second set of pulses
has been completed, the (RA) relay and "RC" magnei again release and the "RC"
switch is advanced another step so that the pulsing circuit is transferred

from the "B" atepping magnet to the "C" magnet., Thus, after each digit, the
PRC" awitech advanses one step so that the pulses corresponding to each digit of
the dialed number are registered on & different register. Thus, when ACA 1345
has been dialed, registers A, B, C, have each advenced to the No. £ set of
terminals; the thousands (TH) register has advanced to the No. 1 set of
terminals; the hundreds (H) register has advanced to the No. 2 set of terminals;
the tens (T) register has advanced to the No. 4 set of terminals; and the units
(U) register has advanced to the No. 5 set of terminals. If the call had been
to & line in a manual office, a party designation would also have been dialed
and the stations (STA) register would have been set in the proper position
corresponding thereto. The (ON) and (ONl) relays shown on the circuit are neces=-
sary in returning the registers to normal, in some cases, after the sender has
completed its operations on a call.

Should one preliminary pulse be transmitted over the disling circuit
before dialing actually begins due to acocidental movement of the dial or switoh-
hook or due to any other temporary open circults, the "A" register is edvanced
to terminal 1, closing the circuit in which the (PP) relay operates. The (PP)
relay, operated, holds the "RC" atepping magnet ecirecult closed so that it does
not relsase and transfers the pulsing cireuit from the "A" stepping magnet to
the 2 ohm winding of the (FP) relay. When the first digit is disled, the first
pulse holds the (PP) relay operated but does not advance the "A" register. The
(PP) relay releases after the first pulse, and the second pulse due to the
dialing of the first digit advances the "A" register from the No., 1 set of
terminals to the No. 2 set of terminals. Should there be but one pulse, =a
second time, the release of the (RA) relay again reoperates the (PP) relay and
prevents the advance of the "RC" switch, and this operation is repeated until
more than one pulse is received for the firat digit.

«PB=
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To secure the reguired cycle of operetions, the open and closed
portions of the diml pulses must be held within certain limits as mentioned
previously in Chapter 3 in order that the (L), (RA), and (PH) relays and the
register stepping magnets be able to do their work properly. The condensers and
realstances connected scross the windings of the 200 type selector megnets
protect their contacts and the contmots of the (L) and (PF) relays from the

energy dissipated each time the cirouits are opened.

-39=
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CHAPTER IX

IWO DIGIT TRANSLATION - APPARATUS AND OPERATION

A two digit sender cirouit includes either a 44 point or an 88 point
translator. The 44 point translator consists of two 1203 type selectors and the
88 point translator oconsists of four 1202 type selectors. When the 88 point
translator is used the first two selectors are sometimes referred to as the
first translator and the second two selectors are referred to &s the second
translator. Each 44 point translator is capable of being set in eny one of 44
positiona corresponding to 44 different settings of the A and B registers.

The 1203-E seleotor (which is used in the letest sender ciroults]),
ineludes two sets of six brushes each, mounted on opposite ends of the same
ehaft. The brushes are single ended and one set is 180° out of phase with the
other set. The brush assembly shaft 1s supported by bearings in & metal frame-
work on which are also mounted the ROTARY and STOP magnets. The operating cir-
cuit for the rotary magnet is under ocontrol of & set of normally eclosed contaots
on the stop magnet. Operation of the stop magnet releases the rotary magnet,
and alse oausea a dog to enter between two teeth in the periphery of a wheel,
which is mounted on one end of the brush assembly shaft, so as to center and
hold the brushes in this position. For each set of brushes there is a multiple
bank similar to that used with the 200 type selector. The brush and magnet
unit is attached to the multiple bank framework by machine serews, thus permit-
ting its removal without disturbing the multiple bank wiring. Sinee the brushes
of only one of the brush assemblies are in conteet with multiple terminals at
one time, the selector as a whole lends itself to the selection of any termineal
in either one of the two banks, that is, any one of 44 sets of terminals. Each
selector of this type can therefore control the seme number of eircuits as the
200 type selector but has a cholee of double the number of terminals.

Two selectors are required for each 44 point translator singe thare
are more than 6 circuits which are controlled by its setting. Two brushes are
used for hunting tne proper position in which it should be set and the remaining
10 brushes govern the further operation of the sender. The two banks associated

with one of the selectors in the firat translator are designated Tl-A and Tl1-B

&rnd the two banks asscciated with the other selector in the firat trenslator are
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designated T1-C and T1-D. Similarly the four banks asscciated with the two
gelectors in the second translator are designated T2-A, TE2-B, T2-C and T2-D.
Each one of the six arcs in a bank is distinguished from the other ares in the
same bank by adding to the bank designation the are numbers 1, 2, 3, 4, 5 or 6.
To illustrate, the arcs in the first bank of the first tranaletor are designated
Tl-Al, Tl-AZ2, T1-A3, Tl=A4, Tl-A5 and Tl-A6 respectively. The terminals in the
"A" and "C" banks combined respectively with the terminals In the "B" and "D"
banks form two sets of 44 terminals each, those in the "A™ and "C" banks being
mambered from 1 to 22 ineclusive and those in the "B" and "D" banke being
numbered from 23 to 44 inclusive.

After the "A"™ znd "B"™ registers are set & translator hunting cireuit
is used to set the translator in a position which corresponds to the setting of
the "A" and "B" registers. The #l arcs in each of the banks of a translator are
used for the hunting cireuit and are ecalled "hunting aream. Four of the "B"
register arcs are used with two of the "A" register arca to control and secure
the proper translator setting on each partiocular e¢all. The eight terminals on
the A2 are (with one of which the A3 brush is making conteet after dialing the
first number of the two digit code) are connected in pairs to the B2, B3, B4
and B5 brushes of the B register, respectively; that is, terminala 2 and 3 of
the A3 arc are connected to brush B2, terminals 4 and 5 to brush B3, ete. The
terminals on the four arcs of the "B" register are then cross-connected to the
terminals on the translator hunting ares. With the "B" reglster set in any one
of eight positions (exelusive of 0 and 1) each terminal on the four ares of the
"B" register represents either one of two settings on the "A" register, and each
one of the 32 "B" arc terminals are connected to two translator points, one in
the first half of one translator and the other in the last half of the same
translator. The 44 terminals on the hunting ares of one selector are multipled
to the corresponding terminals of the second selector in each 44 point trans-
lator; that ia, the 44 terminals in ares Tl-Al and Tl-Bl are maltipled to the
terminals in ares Tl-Cl snd T1-D1l end the 44 terminals in ares T2-A1 and T2-Bl
are multipled to the terminals in ares T2-Cl and T2-Dl. It is necessary to
distinguish between the two translators (when two 44 point translators are used)

=]
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and between the two halves of each translator. To this end the terminals on
are AZ are conneoted to tranafer relays which control the translator hunting
cirecuit in such a way a8 to hunt in that one of the translator ares in which
the terminal corresponding to the setting of the "A" and "B" registers 1s loca-
ted. One vranslator relay is sufficient to secure this distinetion when the 44
point translator is used but six relays are required when the 88 point trans-
lator is used. When the setting of the "A" and "B" registers 1s such that the
corresponding point on the translator hunting arc is in the Tl-A and T1-C arecs
(terminals 1 to 22 inclusive) none of the transfer relays operate and the hunt-
ing eireuit is closed through brushes Tl-Al and Tl-Cl; when the setting of the
registers is such that the corresponding point on the translator hunting ares
is in the T1-Bl and T1-Dl arcs (terminasls 23 to 44 inelusive) the hunting cir-
cult is transferred by the operation of the proper transfer relays (as control-
led by the position of the A2 brush) to the T1-Bl and T1-D1 translator brushes;
when the setting of the registers is such that the corresponding point on the
translator is in ares TE2-A1l and TE-Cl the hunting cireuit 1s closed by the
transfer relays through the T2-Al and T2-Cl brushes; and, when the setting of
the registers is such that the corresponding point on the translator is in arecs
T2-Bl and TE2-D1 the hunting circuilt is closed by the transfer relays through
the TZ2-Bl and TZ2-D1 brushes. Careful study of the attached sketch should be
made to obtain a clear idea of how each one of the translator brush positions
represents and corresponds to a particular code or setting of the "A"™ and "B"
registers.

As soon as the subseriber in & two digit office has completed dialing
and the orfice code and the "A"™ and "B"™ registers have been set, the sender
knows to what office the call must be routed; eand to that end the first step is
to translate the code which has been registered. Thia consists of establishing
elreuit control conditions, which will esuse the seleotor mechanisms (the
distriet and office selectors) to select an i1dle trunk to the office whose code
has been registered. When the "RC" switch is advenced to positlion 2 after the
setting of the "BY register, & circuit is closed which operates the (ST) relay.

We will mssume that the sender under conaideration has a 44 point translator.

-42-—
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The (ST) relay loocks and connects ground through the A3 register brush and
through either the B2, B3, B4 or B5 brushes to a terminal on each of the Tl-Al
and T1-Bl or T1-Cl and T1-D1 translator ares, The operation of the (ST) relay
also closes pcireuits in which the rotary magnets ROT. Tl-A end ROT. T1-B opera-
te causing the brush assemblies on these two 1203 type selectors to be advanced.
When the translator hunting are brushes make contact with the terminals to which
the ground from the make contacts of the (ST) relay is comnected, the stop
magnets STOP Tl-A and STOP Tl-B operate, Operation of the STOP megnets opens
the rotary magnet cirocuits and stops the two brush assemblies on that set of
terminals which corresponda to the setting of the A and B registers. The
operation of the 3TOP magnets also closea the cirocuits in which the (751) and
(T32) relays operate. The (T31) and (TS2) relays, operated, close oircuits for
holding the STOP magnets overated and for holding thelr own windings energized.
We now have the translator set in a position which ocorresponds to the
setting of the "A" and "B" registers and in this position the ten tranalator
brushes other than the hunting brushes are in & position to cause the sender to
control the selector mechanisms so a3 to establish the desired oconneotion. The
translator A2 and B2 arcs (designated (BO), Beyond 0ffice) control the
compensating realstance which is inserted in the "fundamental eircuit"™ for in-
coming and final selections; the A3 and B3 arcs (designated (05), Office Selec-
tions) eontrol the compensating resistance which 13 inserted in the "fundamental
eireult™ for office selections; the A4 and B4 ares (designated (T3), Talking
Selection) control "talking seleotion™; the AS and B5 arecs (designated (SD),
Stations Delay) control the time allowed for dialing a party designation on a
pall to & manual office; the A6 and B6 aros (deasignated (S0), Skip 0ffice) are
used to tell the sender when office selectiona are required and when they are
to be skipped (that is, when no office selector is used); the C2 and D2 arcs
(designated (0G), Office Group) control office group selectors &nd the C3 and
D3 ares (designated (0B), Office Brush) control office brush selection, when an
office selector is used in completing the call; the C4 and D4 arcs (designated
(DG), District Group) control dietriet group seleotion; the C5 and D5 arcs

(designated (DE), Distriet Brush) control district brush selection; and the C6
-4 3=
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and D6 ares (desigcnated (CL), Class) are used to set the class switech in a
position which corresponds to the class of call being made.

We will consider but one of these control circuits at this time, that
being the one which causes the sender to set up the conditions necessary for
completing different classes of calls. In one of the sketches associsted with

this chapter i1a shown the clasa switeh and clasa set circuit.

ol
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CHAPTER X
DISTRICT AND OFFICE SELECTOR FRAMES

The panel type selectors which are used to seleot an 1dle trunk to
the offiee in which the esrlled line terminates are caslled "Distriet™ and "0ffice
Selectors™. In some osases the number of destinations and the mumber of trunks
required to esch destination meke it necessary to use both distriet and office
selectors, and in other cases encugh groups of proper size oan be obtained by
the use of only distriet frames and the ovffioce frames are omitted. The first
selector whose operation is controlled by the sender after translation is
completed is the distriet selector. This selector is & part of the "line
finder-distriot™ circuit and i3 mounted on a frame called & distriet freme. The
uéhling which oonnects the distriet multiple on the link frame, the line finder
on the line finder frame, and the district selectors on the district frame was
shown in sketches associated with Chapters IV and V. There are & leada between
each frame and the leads for 5 circuits are carried in each cable, terminating
on & terminal strip mounted on the end of the seleotor frame.

The distriet seleotor frame is a double-sided frame consisting of
five bays. On the central bay are mounted the five multiple banka, the
frietion roll drive, clutches, brush rods and commutators. The seguence
sawitches associated with the selectors on the front of the frame are mounted in
the next bay to the right of the multiple banks when facing the front of the
frame; and the sequence switches assoc;atad with the selectors on the rear of
the frame are mounted in the next bay to the right of the mmltiple banks when
faoing the rear of the frames. On the twe end bays are mounted the relays,
repeating colls, resistances and condensers adjacent to the sequence switches
with which they are associated. At the bottom of the end bays are mounted the
fuse panel and the Jack panel. OUn the earlier distrioct frames the repeating
eoils and condensers used in the telking eirouit were looated on coll racke, as
in manual offices and in that oase the relays for each circuit were on a
mounting plate opposite the sequence switeh with which they were asscocimted,

Tc permit mounting the repeating coils on the distriet frame the relays, ooils
and condensers of five eirouits are located opposite five sequence switches,

-4 5=
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The relays and resistances are mounted on 2" mounting plates and the repeating
coils on 4" plates. In order to provide space at the bottom of the relay bay
for the horizontally mounted jack and fuse panels the releys of five circuits
are looated at the top of the space occoupied by their assoociated sequence
switches and the repeating coile and condensers of the same five circuits are
mounted at the bottom of the space ocoupled by the group of five sequence
switches immediately above, For example, the relays of the first five circuilts
are placed opposite segquence awitohes Nos. §, 7 and 9 and the asscciated coils
and condensers opposite seguenose switches Noa. 11 and 13. The six terminal
strips on which the cables from the line finder and link frames fterminates are
mounted at the end of the relay bays.

Each multiple bank sonsists of 100 sets of three terminal strips
each, Each strip is punched so as to have 30 terminals projeoting from each
edge to which the multiple brushes of the I0 selectors on each side of the frame
have accesg. The brush rods are similar to the line finder brush rods being
hollow metal tubes with a rack attached to the lower end and a commutator brush
ettached to the upper end. The brush rods are equipped with five brushes
8imilar to those used on the line finder frames and their springs do not make
contast with the banks terminals until the brush has been tripped in order that
only one brush on the rod be in use at one time. The first five slots in the
rack are used for holding the brush rod in one of five positions to which it is
elaveted in the selection of the brush which is to be tripped on eny partioular
oall, When elevated to a position in whieh the pawl has engaged with the first
slot the seleotor is in position for having the first mmltiple brush tripped
when the rod is again moved upward, providing the trip magnet is energized,
Likewise, when the rod has been elevated to a position in which the pawl has
entered the second slot in the rack it is in position for having the second
brush tripped, etec. The trip mechanism differs from that used on the line
finder frame in that each brush rod, or selector, has an individual trip
magrnet which is part of the cluteh. Operation of this trip magnet forces its
armature against a lever which is attached to the lower end of a long vertieal

rod known as a trip rod, causing the rod to rotate on its vwertical axis thru
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an angle of about 30°. It is located between the brush rod and the multiple
benks and extends from the top of the elutch magnet through the brush rod bear-
ing plate to the top of the fifth bank. A retractile spring holds the rod in
1ts normal position when the trip megnet 1s not energized. Five trip fingers
are attached to the trip rod, cone for each multiple brush. When the brush red
is in one of the five brush selection positions, and the trip magnet 1ias
energized, the trip finger corresponding to this position engages with the trip
lever on the brush to be tripped and subseguent upwerd motion of the brush rod
causes the trip lever on this brush to be tripped. In the tripped position the
brush springs make contact with the terminals on the multiple bank to which
they have acoess. To illustrate, assume that the brush rod has been driven
upward to & position in which the pawl has entered the third slet in the rack,
and that the trip magnet is energized. Under these conditions the third trip
finger on the trip rod has engeged with the trip lever on the third or #2 brush,.
The firast and second trip fingers on the trip rod passed below the trip lever
on the first and second, (#0 and #1) brushes and the fourth and fifth trip
fingers passed above the fourth and fifth, (#3 and #4) brushes on the brush rod.
When the selector again moves upward the third or #2 brush is tripped. Except
for the esddition of a trip magnet the eluteh 18 otherwise similar to the elutch
used on the line finder frame., The commitator and commitator brushes are
modified as required for use in the distriect seleotor cireuit and are shown on
& sketch associated with this chapter.

To the 100 sets of multiple strips in esch bank are connected groups
of loeal or interoffice trunks. The spacing of the B and Z segments on the
distriet commutator divides these terminals, from a circuit operation viewpoint,
into 8 groups of 11 terminals each and 2 groups of 6 terminals each. The 2
commitator segments are associated with the top set of terminals in each group;
these terminals are not conneeted to & trunk but are used as "overflow"
terminals. The bank itself is not physically divided into groupz but the
"overflow" terminals indicate the upper limit of each trunk group in the bank.
wWhen more than 10 trunks are required to any destination two or more adjacent

Zroups of terminals in the same bank are combined and the "overflow" terminals
- T

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-1Z2
Chapter X

of all the combined groups except the top group are arranged to test the same as
busy trunks. The distriet selector willl thus hunt over the trunks in the com-
bined group in the same manner as though they were one large group. The distriet
multiple ean therefore be arranged in any desired combination from 40 grours of
10 active trunks each and 10 groups of 5 trunks each to 5 groups of 90 trunks
each, The selection of the group which contains the trunks which go to the
required deatination on any particular call is called "Group Selection™. When
the brush rod has travelled upward so that the brush springs of the tripped
multiple brush are in contect with the first trunk in the proper group, the UP
megnet 1s deenergized and the pawl engages with the slot in the rack whiech
corresponds to this first set of terminals. Since all of the trunks in this
group go the same destination any one of them can be used to complete the eall
and the selector circult selects an idle trunk out of this group. Operation of
the distriet selector during Brush and Group Selections and during Trunk Hunting
are described in the next chapter.

The 3-wire office selector frame is similar to the district selector
frame. It has a regular 60 selector capmcity double-sided centrel bay, contain-
ing banks, drives, cluteches, brush rods and commutators, and on bays at each
end are mounted the sequence switches and asscciated relays. The three wire
office selector circuit has but one relay which is mounted on a vertical mount-
ing plate loecated &t the end of the seguence switch bey. The relays for five
circuits are mounted on one plate. The banks, drive mechanism, brush rods,
commitators and trip mechanism are identiesl with those used on the distriet

freme.
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CHAPTER XI
DISTRICT AND OFFICE SELECTIONS AND TRUNK HUNTING

Before considering the out trunking arrangement the operation of the
distriot and office seleotors during brush and group selectlions (as controlled
by a two digit sender eirouit) and also the operation of these selectors during
trunk hunting will be explained, Assuming that translation has been completed
the sender is ready to control distriet selections. Figure 1 assoociated with
this Chapter shows schematically those parts of the sender and seleotor oirouits
which are necessary to this explanation, On this and on following schematios
the complete wiring to the counting relays 1s omitted end the counting relay
windings are shown conneoted to circles within each of which is shown the num-
ber of the pair of counting relays to which it is conneoted, The other ﬁointa
in the cirouit to be connected to these leads are designated in a similar man-
ner, or the wiring required is specified by a bracket and note such as "Connect
the points on the DB translator arc to counting relays 0 to 4 as required©,

The sirpuit which controls selections is celled the "Fundemental Cirouit®™ and
is essentiml to the operation of a panel system, The operation of the (TS-1)
and (TS-2) relays advances the Rl switch to position 2 and closes the funda-
mental cirouilt for district brush seleoction. This oircuit 1is traced from bat-
tery through one winding of the distriet (L) relay over the "FT" lead through
the link oirouit through the back contact of the (BO) relay, windings of the
sender "Stepping™ (STP) and "overflow" (OFL) relays, and through a 1000 ohm
resistance to ground, The (L) and (STP) relays operate but the (0FL) relay
does not operate since it is a polarized relay and the current is not in the
operating direction at this time, The 1000 ohm resistance is included in this
oircuit so es to hold the current below a value which will prevent the fast
release of the (STP) relay., The (L) relsy, operated, closes a holding cirsuit
for its own winding in positions 3/6 and advances the distriet switeh to posi-
tion 4, in which position the UP magnet is energized and the selector 1s driven
upward, The operation of the (STP) relay in the sender ocloses a eircuit for
operating that one of the counting relsys whose winding is eross-conncoted to
the terminal on the DB translator are with which the DB brush is making oontact,
Let us further assume that it is the {2) counting relay which is thus operated,

The operation of the (2) counting relay connects ground to the inner end of the
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(2') counting relay but as long as the (STP) relay holds in the fundamental cir-
cuit the (2') relay cannot operate since ground is connected to both ends of its
winding. As the distriect selector moves upward the (A) commutator brush makes
eontact with the first metal segment of the (A) commutator, conneoting ground
thereto. In so doing the (STP) relay is short-circuited but the district (L)
relay 1s held operated. The release of the (STP) relay opens the short ocirouit
around the winding of and operates the (2') counting relay. The (2) and (2')
counting relays are thus locked in position 1 of the RZ switeh, Then the dis-
trict selector has travelled upward far enough =o that the {(A) brush breeks con-
tact with the first metal segment and agailn rests on insulation the short cir-
cuit around the (STF) relay ias removed and the (STP) relay recperates in series
with the distriet (L) relay. The operation of the (2') counting relay and the
reoperation of the (STP) relay closes the oalrouit from ground through the make
contact of the (STP) relay through the DB translator arc so as to operate the
(1) oounting relay. The (1) counting relay operated oonneots ground to the in-
ner end of the (1') counting relay but the (1') relay cannot operate until the
release of the (STP) relay removes the short cirouiting ground from its outer
end, This ccours when the distriot selector has travelled upward so that the
({A) commutator brush makes contect with snd connects ground to the second metal
segment of the (A) commutator, The (L) relay is held and the (STP) relay is
short-eireuited by this ground, The (STP) relay releases causing operation of
the (1') counting relay and this pair of counting relays is locked in position 1.
With the (L) relay held operated the UP magnet remains energized and when the
{4) commutator brush breaks contact with the second metal segment the (STP) re-
lay reoperates and closes e circuit through the DB translator aro so as to
operate the (0) counting relay. The operation of the (0) counting relay con-
nects ground to the inner end of the (BO) and (FO) relay windings, Then the
(STP) relay is again released due to bring short-circuited by the (A) commuta-
tor brush making contact with the third (A) commutator segment, the (BO) and
(70) relays operate and lock in position 1/1 1/4, The operation of the (B0)

relay opens the fundamental circuit and releases the distriet (L) relay, The

release of the (L) relay opens the UP magnet cirouit and the selector drops

back against the pawl which has entered the third slot in the rack. The

- B0 =
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releese of the (L) relay also advances the distriet switeh tec position § in
whish position the TRIP magnet is operated, rotating the trip rod so that the
third trip finger engages with the trip lever on the third or #2 brush, The op-
eration of the (FO) relay in the sender circult advances the R2 switech to posi-

tion 2. The counting relays which were operated release when the switeh advances,

but the (0), (BO) and (F0) relays hold until it has advanced far enough to in-

sure that the fundamental c¢ircult cannot esgalin be elosed untll the switoh en-
ters position 3 for diastriet group szelection,

With the selector switeh in position 4 end the distriet switeh in
position 5 the fundsmental oircuit is again closed operating the distriet (L)
and sender (STP) relay. The (L) relay, operated, advances the district =witoh
to position & in whieh position the (L) relay holds and the distriet UP magnet
{e energlzed, as the brush rcd moves upward the #2 brush is tripped, The opera-
tion of the (STP) relay closes a eircult through the DG tramslator arc to that
counting relay which is eross-connected to the terminal with which the DG brush
is making contact, The B commutator brush alternately short-oirouits and re-
moves the short circult from the sender (STP) reley in the fundamental cirouit
as did the A commutator brush during brush seleotion. Eaoch operation and re-
le=se of the sender (STP) relay causes the operation end locking of one pair of
counting relays, These metal segments on the B commutator are spaced so as to
short circuit the stepping relay when the tripped multiple brush reaches the
first set of terminals in a group., When sufficient B commutator closures have
been made to satlsfy the sender the operation of the (BO) and (F0) relays opens
the fundamental cirouit and advances the RZ switch to position 4. With the R2
switeh in position 4 the Rl switoh is advenced to position 3, in which position
a acirecuit is olosed for OFFICE TEST as shown in Figure 3. The opening of the
fundamental oircuit releases the distriot (L) relay thus releasing the UP mag-
net and stoppldz the selector in suoh a position that the tripped multiple
brush makes contact with the first trunk in the selected group, Helease of the
distrist (L) relay rlso advences the distriet switeh to position 7,

The sender has now caused the distriot selector to select a group
of trunks in one of the 5 banks on the frame in accordance with the setting of

the (A) and (B) registers-as indicated by the setting of the translator., The

-5l -
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district selector is remsdy to select an 1dle trumk out of this group, Figure 2
shows schematioslly those parts of a panel type seleotor circuit which are used
during trunk hunting. The (L) relay reoperates in position 7/7 1/4 in looal cir-
sult advancing the switeh to position 8. Then the switch advances beyond posi-
tion 7 1/4 the operating circuit through the S winding of the (L) relay is

opened but a circult is closed through its P winding to the sleeve terminal of
the set with whioch the tripped brush springs are in contast., If this first

trunk is idle the (L) relay releases &ince there is no ground on the sleeve ter=
minal to hold it operated. 1In this cese when the switch enters position 8 the
UP magnet is not energized and the selector 1s not again moved upward, If the
sleeve terminal of the first trunk is grounded indicating that the trunk is in
use, the (L) relay holds through its P winding to this ground and when the
ewiteh enters position 8 the UP magnet cirouit is closed and the brush rod is
driven upward, The S winding of the (L) relay is connected to the C commutator
and the C commutator brush is strapped to the G commutator brush., The inner pair
of brush springs on the multiple brush of a trunk hunting panel selector makes
sontact with opposite =ides of the sleeve terminals, The senter of the spring
which makes contact with the left side of the sleeve terminels is a little below
the center of the spring which makes contact with the right side of the sleeve
terminals, Thus one of the sleeve brush springs do not break contast with a
sleeve terminel until after the other sleeve brush spring makes contact with the
next sleeve terminal in the bank, A multiple brush with its inner pair of
springs staggered in this manner is called a bridging brush., The (L) relay is
thus held through its P winding to ground on the sleeve terminals of busy trunks,
and the elevator is driven upward until the sleeve brush spring makes contact
with a sleeve terminal which is not grounded, The eireuilt through the P winding
is thus opened tut the S winding circuit holds the (L) relay operated through

the C commutator brush and sezment until the brush rod has travelled high enough
to insure centering the brush springs on the terminals of the idle trunk, when
the UP magnet releases, The selector rod 1s carried m little beyond this set

of terminals so that the pawl engages with the proper slot in the rack, and the
rod then drops down against the pawl., Ground is fed to the G ocommutator through
the make contact of the (L) relay during trunk hunting so that in case of an

- 52 -
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overthrow of the selector, after the (L) relay releases, the (L) relay will not
reoperate to ground through the next C commutator segment and thus cause the
selector to over-step. The release of the (L) relay as soon as the 1dle trunk
has been selected connects ground to the sleeve terminal of this trunk so that

it will test busy to any other selector which may be hunting or which may later
hunt for an idle trunk in this same group., The release of the (L) relay advanoces
the distriect switch to position 9,

If all of the trunks in the group are busy when the selector is trunk
hunting the brush rod is driven to the top set of terminals in the group. This
set of terminals is known as the "overflow" terminals., Ground is never connected
by the seleztor circuilt to the sleeve terminal of this set in order that no sel=-
estor will continue hunting in the next group of trunks in an attempt to find an
idle set of terminals., The release of the (L) relay stops the selector on the
"overflow" terminals, and an "all paths busy tone" is tranamitted to the calling
subseriber as will be further explained later in these notes,

The distriet (L) relay reoperates in looal circuit thru the memke ocon-
tact of the distriet (SC0) relay advencing the district switch to a position
designated "selection beyond", in which position the district conneots the T and
E terminals of the selected trunk to the "¥T" and "FR" leads from the sender cir
ouit, hen the T and R terminals of the selected trunk are connected to the "T"
and "RE" leads of en office selector, & circult is closed for "office test". See
Pigure 3, Before proceeding with office selections the sender mekes s test to
see 1if the trunk to the office selector 1s closed and to see if the selector is
in its normal position, This eireuit is traced from battery thru the P winding
of the office (L) relay, over the "T" lead to the distriet circuit, over the
AFT" lead to the link eircuit, over the "FT" lead to the sender circuit, thru e
14,500 ohm resistance, winding of the Trunk Guard (TG) relay, winding of the
(0FL) relay, thru the (0S) translator brush and arc, compensating resistance,
over the "FR" lead to the link cirouit, over the "FR" lead to the distriect cir-
suit, over the "R" lead to the office circuit to ground thru a 1000 ohm resis-

tance, The office (L) relay does not operate but the sender (TG) relay operates

gausing operation of the (TGl) relay. The (TGl) relay closes the Rl magnet cir-

cuit advaneing the Rl switch to positlion 4.
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Office selections are controlled by the sender and completed by
the office selector in the ssme manner as that in whiech district selections were
completed with the following exceptions: (1) The fundamental circuit is s 2 wire
oirouit similar to the office test circuit except that the (STP) relay is in-
cluded instead of the (TG) relay and 14,500 ohm resistance., Compensating resis-
tance 1s inserted in this eircuit by the translator in such an amount as iz re-
quired to hold the current in the fundsmental circuit below & value which will
prevent the fast release of the stepping relay during selections. (2) The count-
ing relays which are operated during office brush and office group selections
are under control of the setting of the OB and 0C translator brushes instead of
being under control of the setting of the DB and DG translator brushes, (3) The
Bl switeh is advanced from position 4 to position & when office brush selection
is completed, and is advanced to position 7 when offize group selection is com-
pleted, ‘hen the Rl switch enters position 7 the R2 switch is sdvanced to posi-
tion § for "Trunk Test", The office selector selects an idle trunk in the
selected group, in the same manner as did the district selector and the office
switeh is then advanced into a position designated the "Telking"™ position, in
which the T and R leamds from the ailstriet are connected to the T and R terminals
of the trunk which the office selector has selected,

In cases where an offlce selector 1s not used in completing a osll the
sender realizes that these seleotlons are to be omitted, To thlis end a cirecuit
is closed when the REZ switeh enters positions 2/3 through the brush of the 50
translator arc in which the (S) relay operates, (See Figure 1), The (S) relay
holds until the Rl switch advances beyond position 6. With the (S) relay oper-
ated the Rl switoh is advanced from position 2 to position 7 during the time
distriet group selection is belng made, and the RZ switeh cannot edvance from
position 3 to position 4 until the (S) relay releases, The release of the (3)
relay when the Rl switeh advances beyond position & advances the R2 switch to
position 4, When the Rl switeh enters position 7 the K2 switoch 15 advanced to

position 5 in whieh position the fundamental circuit is closed for "trunk testw,

- 54 =
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CHAFTER XII
TRUNKING SCHEME ON OUT TRUNKING FRAMES

Having deseribed the district and local office frames and the cperatim
of the selectors and sender during district and office selections, sttention will
now be given to the arrangement of outgoing trunks whereby all subscribers in
the office are enabled to be connected with all destinations in tic erea. It is
usually the case that traffic to other offices requires more than ten trunks in
a group and where 90 trunks per group are required only office destinations could
be taken cere of. It is, therefore, evident that 450 trunks connected to a
series of district frames in straight multiple would not be enocugh to take care
of the trunking of the following theoretical exzchange areas,

50 Offices - 10 Trunks to each office
10 Offices - 90 Trunks tc each office
25 Offices - 10 Trunks to each of Five Offices
20 Trunks to each of Five Offices
20 Trunks to each of Five Offices
60 Trunks to eaoh of Five Offices
B0 Trunks to each of Three Offices
80 Trunks to each of Two Offices
More trunks may be obtelned either by "splitting" frames into more
than one group from a trunking stendpoint and by introducing office frames. The
application of these methods is shown graphicelly in Fig. #1 associated with this
Chapter. This figure illustrates a theoretical exchange areea of 50 offices,
which, on account of the number of offices and number of trunks to each office,
requires the use of office frames. The reguirements of small groups of trunks to
miscellaneous destinations such as information operator, zero operator, AB toll,
longs distance, ete., will be ignored for the present in order to simplify the
illustraetion used to explain the trunking scheme. This figure also shows the
typleal divisions of a bank of 100 terminals into eight groups of ten trunks
each and two groups of five trunks each together with the over-flow terminal at
the top of each group.
The seven line finder frames shown have & cepmcity of 400
lines end 60 line finders each, 1t being essumed that the celling rates and hold

ing times of each group of 400 lines are such es to require €60 finders during
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the busy hour. These 420 line finders are linked with 420 district selectors
grouped on seven district frames. These district selectors must have acoess to
groups of trunks to ell destinations in the exchange area so that each one of
the 2400 subsecribers will be afforded the facility for being connected with any
other subscriber in this area. Assume that the outgeing trunk reguirements of

the offlce to itself end to the other 49 offices in the area are as Tollows:

To O0ffices lo.

Ko. of Totel
Trunks Trunks
1 ({Loeal Trunks) 100 100
3, 4, 6, 7, 18, 19, 21, 82, 30, 51, 40,
41, 48, 49, end 50 each 30 450
2, 9, 10, 24, 25, 38, 44, 45 mnd 46 emch 40 360
&, 13, 15, 16, 17, 23, 27, 28, 28, 33, 34,
35, 37, 39 and 47 each 20 200
5, 11, 14, 20, 3& and 42 each 10 &0
12, 36 and 42 each &0 180
26 _50 50
1500

One hundred trunks are required to handle local cells to the subseri-
bers in office No. 1., Since the trunk capacity of a group is 90 the 100 trunks
are obtalned by assigning the lower 50 trunks of bank #0 and by splitting the
group of district frames between frames D-3 and D-4. A group of 50 trunks is
thus multipled to the #0 banks on irames D-1, D-2 and D-3 inclusive, and another
50 trunks is multipled to the #0 banks on frames D-4 to D-7 inelusive, Thus
the group of 100 trunks is split into two groups of 50 trunks each. The split-
ting of a large trunk group into smaller sub-groups permits taking cere of more
destinations on a given number of banks. I% should be noted, however, that the
use ol sub-groups results in an inefficlent use of trunks since a large group
of 100 trunks, for example, can handle as much traffic as two groups of approxi-
mately &0 or 65 trunks each, Thus in the cese of the loeel trunk requirements
for office No. 1 the use of two zroups of 50 is not striectly correct since the
inefticiency of the amell groups would require about 60 or 65 trunks in each
one. The division into sub-groups of trunks loecal to the office is generally
permissible but 1t is usually desirable to keep inter-office trunks in one group
in order to avoid inefficient use of underground cable pairs., At times 1t may

be esconomical to split groups of inter-office trunks on the district frames in
-56=
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order to avoid the furnishing of office selectors or to reduce the number of
office selectors required.

The 40 trunks to office No. 2 are multipled to the remaining 40 sets of
terminals in bank #0 on the seven district frames, The multiple terminals on
district banks #1, #2, #3 and #4 terminate as office selectors on office frames,
The remaining 48 offices are grouped in four zones, The offices included in
each zone and the number of trunks required from the distriect frames to office
selectors on office frames for each zone are as follows:

Zone 1 - Offices 3 to 17 inclusive - 120 office selesotors.

Zone 2

]

Offices 18 to 29 inclusive - 90 office selectors.
Zone 3 = Offices 30 to 41 inclusive - 90 office selectors.

Zone 4 Offices 42 to 50 inclusive - 90 office selectors.

The office frames of each zone are separate and distinet from the
office frames of any other zone. The group of 120 trunks from the district
frames to the office selectors on office frames serving zone 1 are divided into
two sub-groups 4 and B of 60 trunks each. The office selectors to which these
trunks connect are located on office frames O-1 and 0-2. The trunks in sub-
group A are multipled to the first 60 sets of terminal strips in bank #1 on dis-
trict frames U-1, D-2 and U-3 and the trunks in sub-group B are multipled to the
first 60 sets of terminal strips in bank §#l on distriet frames D-4 to D-7 inelu-
sive, The remainder of the #1 bank on the distriect frames are spare. The 320
trunks required from the district frames to each of zones #2, #3 and #4 are lo-
cated in banks #2, #3 and j#4 respectively on all of the seven distriet frames,
The trunks to zone #2 are connected to office seleoctors on office frames 0-3 and
0-4; the trunks to zone #3 are connected to office selectors on office frames
0=-5 and 0-6; and the trunks to zone 4 are connected to office selectors on
office frames 0-7 and 0-8.

The inter-office trunks to the various offleces included in each zone
are multipled to the banks of both frames which serve this zone. The distribu-
tion of the groups of trunks on the office frames to the varilous offices in each
zone is shown in Tigure 1l.

Suppose a call is originated by subsoriber #2034 in office #1 for some
subseriber in office #17. The calling line is found by a line finder on frame

LF-6 and the sender which registers the call direots the district selector on
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distriet frame D-6 (which is associated with this line finder) to bank #1 where
this seleotor hunts for an idle trumk in sub-group B, The sender then directs
the office selector (on frame O0-1 or 0-2 depending upon which trunk was chosen
by the distriot) to group #4 in bank #4, where the office selector hunts in &
group of 20 trunks for an idle trunk to office #17.

In like manner a oall originated by subsoriber #254 in office #1 for
any subsoriber in office #25 is found by a line finder on frame LF-1, and the
associated distriot selector on frame D-1 is directed by the sender to seleot an
idle trunk in bank #2., The office selector (on frame 0-3 or 0-4) which has
thus been selescted is then directed by the sender to hunt for an idle trunk to
office #25 in group #4 of bank #3. If the same subseriber were to call a sub-
secriber in office #19 & district trunk to office zone #2 would be picked as be-
fore, but the sender would, in this case, direot the office salector to select
an idle trunk in group #3 of bank §0. 4 loocal call originated by subscriber
#254 of office #1 would be directed by the sender through sub-group A, bank #0
direotly to a looal inooming selector on an incoming freme in the same office.

From this illustration the derivation of the names "distriot" and
"office™ 1s apparent, "distrioet™ being applied to selectors on frames which pro-
vide trunks to distriots or zones of offices, and "office™ being applied to se-
leotors on frames whioch provide groups of trunks to the individual offices which
are included in & given distriet or zone.

In an office layout in which district and office frames are used the
larger groups of trunks should be placed on the distriot multiple and the smaller
groups on the office multiple since this tends to deorease the number of office
seleotors whioh must be provided. On both frames the larger groups of trunks
should be placed at the bottom of the bank thereby reducing the average time re-
guired for making group selection; this arrangement also permits making additions
without disturbing the original trunk group end also tends to distribute wear
evenly over all trunks of a group.

The trunks in & group or sub-group on the distriet or office multiple
banks are not connected to the sets of terminal strips in the same order on each
frame but are "slipped" in accordance with a definite plan. By "slip" is meant
the changing of the reletive position of the trunks in a group on eash succeed-

ing frame, The slip arrangements which has been commonly used for distriect or
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office groups of 10, 20 and 30 trunks each is shown on Figure 2. In the case of
the 30 trunk group the trunks appear in regular order on the first frame number-
ing from 0 to 29 beginning at the bottom. On the second frame the trunks number
from 19-10, 20 to 29, and § to 0 in three layers beginning at the bottom. On
the third frame the trunks number from 29 to 20, 9 to O, and 10 to 19 in thres
layers beginning at the bottom. On the fourth frame the 70 trunks again appear
in the regular order as shown for the first frame. This cycle is repeated
throughout the entire number of frames on which the group or sub-group of trunks
appear, This arrengement is now the standard only on the office frames and
Figure 3 shows the arrangement now used on district frames. Graded multiple is
used whereby a group of trunks 1s composed of three classes known as individual,
convertible, and common trunks., A4ll groups whether graded or non-graded are

slipped in layers of 5 trunks each instead of being slipped in layers of 10

trunks each.
The sets of terminal strips in & bank on one frame are multipled to the

corresponding sets of terminsl strips on the next freme by a short multiple
cable which 1s fanned out and connected directly to the multiple strips. Fach
oable connects 20 sets of terminals, Formerly the multiple cables connected to
terminals on terminal strips mounted on the end of the frame, but the soldering

lugs on the multiple strips are now made heavier and the cable connects direotly

thereto,.
Where office selectors are not used the multiple terminsls on the dis-

triet frames are cabled to the vertical slde of a "district distributing freme®
(DDF) and cross-connected to the horizontel side of the same frame. Those trunks
which conneot to outgoing interoffice trunks are cabled from the horizontal side
of the DDF to the horizontal side of the LDF, eross-connected to the vertical
silde of the MIF, and there conneocted to the pairs of the outgolng trunk cablse,
Those trunks which go to local information operator, the loeal trouble desk,
etc., are cabled from the horizontal side of the DDF to the equipment involved.

Where office selector frames are used there are three methods of
cabling from the district and office multiple. Usually a "trunk distributing
frame™ (TDF) is used and the multiple bank terminal strips on both the district
and office frames are connected to the wvertical side of the TDF, and oross=-

-59-
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connected to the horizontal side of the same frame, From here ;ha outgoing
trunks are cabled to the horizontal side of the MDF and ecross-connected to the
pairs of the outgoing trunk cable, The trunks from the district frame which ter
minate in locel office selector circults are cabled from the horizontel side cof
the TDF to terminsl strips on the end of the office selector frames, The other
miscellaneous local trunks are cabled from the horizontal side of the TDF to the
equipment units on which they terminate. By the second method of cabling a TDF
is not used., In this case the multiple terminasls on the distriet frames are
connected to the vertical side of a LDF as deseribed for the case above where no
office selectors were reguired. The multiple terminals on the office frame are
connected directly to the horizontal side of the LDF and there cross-connected
to the peirs of the outgoing trunk ocable. By the third method two distributing
frames are used, the one a "district distributing freme™ (DDF) and the other an
"office distributing frame™ (QLF). These two frames together serve the same
purpose as the TDF in the first method mentioned, This method is very seldom
used, In eny case the method used is the one which is the most economical and
efficient, taking into account the number of out-trunking fremes and their loca-

tion with respect to the distributing frame equipment.

=60=
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CHAPTER XIII
IN TRUNKING - SCHEME AND FRAMES

On calls between subscribers in panel type offices, the truqi selected
by the office or district seleotor in the originating office terminates either
in a "local incoming selector® circuit in the same office or an "interoffice in-
coming selector™ circuit in a distant office. Incoming selectors are necessary
in & panel office not only for completing calls which originate in the same and
other panel type offices but for completing calls which originate in manual and
toll offices., We have, therefore, several kinds of incoming selectors differing
from each other according to the type of equipment used in the office from which
the trunk comes, For the present, the incoming selector with which we are con-
cerned is the one used in completing calls whioh originate in panel type offices.
The equipment of which an inooming selector is composed is mounted on an "incom-
ing" frame. Incoming frames differ very little with the kind of incoming seleo-
tors which are mounted thereon.

The incoming selector in which the selected trunk terminates must be
able to complete a connection to any line in the offiee. Since the incoming
frame on which this seleotor is mounted has & capacity of only five 100 point
banks, it is manifestly impossible for all of the 10,000 subseribers' lines to be
directly accessible to emch incoming selector. To secure this accessibility in-
directly, the 10,000 subseribers' lines are divided into twenty groups of 500
lines each., A group of 500 subscribers' lines are terminated on five 100 point
banks mounted on a panel type selector frame. This frame is kmown as a "final
frame” and the selectors mounted thereon are called "final selectors". Each
final selector has amccess to 500 subscribers' lines and enough final selectors
are provided to carry the busy hour traffic which terminates in this group of
lines. The final selectors are multipled to the terminal strips in the banks on
the incoming frames., Every incoming selector must be able to complete a call to
e line in any one of the 20 groups, and to this end each of the five banks on the
incoming frame are divided into four groups of 25 sets of terminals as shown in
Figure 1. The top set of terminals in each of these four groups is used as an

roverflow terminal®™, leaving 24 sets of terminals in each of the 20 groups on in-

coming frames which connect to final selectors. With this arrangement all in-

coming selectors have access through the 20 groups of final selectors to all of
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the 10,000 lines.

Trunk groups on the incoming frame cannot be combined when the traffic
to any onz of the final choices exceed that which can be carried by 24 trunks,
for if this were done an incoming selector would be unable to reach all of the
20 groups of 500 lines. When more than 24 trunks, that is final selectors, are
required to carry the incoming traffic to e group of 500 lines, it is necessary
to divide these firnal sslectors into subgroups of not more than 24 selectors
gach., The incoming frames are similarly divided into subgroups, with respect to
the trunk multiple to which these final selectors are connected, and the final
selectors in each subgroup are multipled only to those incoming frames which are
in the same subgroup. For instance, if the traffic is uniformly distributed to
all of the 20 final choloces in a fully equipped panel office, and each cholice
requires 48 trunks, the incoming frame multiple to each choice is divided into
two subgroups. The traffio originating through the incoming frames in subgroup
(4) 15 completed over trunks to final selectors in subgroup (A) and the traffic
to the same group of 500 lines whioh originates through the incoming frames in
subgroup (B) is completed over trunks to final selectors in subgroup (B). To
obtain proper subgrouping of incoming freme multiple and final selectors 1t is
sometimes necessary to employ split banks on the incoming frames, Where the
distribution of traffic to the various final choices is not uniform the sub-
grouping of the incoming frame multiple will not be the same to the various
choices, An illustration of irregular subgrouping occcurs in Pennsylvania office
where 300 final selectors are reguired to carry the traffic to one group of 500
lines; and it is necessary to split the incoming multiple to this choice in 13
subgroups, while the majority of the remaining choices require but 120 trunks or
5 splits in the incoming multiple.

The trunking scheme used in office No. 1 of the same theoretical aree

of 50 offices ms was considered in the out trunking scheme in a previous chapter

is shown in Figure 6. There are nine incoming frames divided into three sub-

groups so that the final seleotors which serve any one of the 20 groups of 500

lines are similerly divided into three subgroups. The final selectors in sub-

group A are connected to the multiple on incoming frames I-1, I-2 and I-3, the
final selectors in subgroup B are connected to the multiple on incoming frames
- B2 -
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I-4, I-5 and I-6, and the Tinel selectors in subgroup C are connected to the
multiple on incoming frames I-7, I-8 and I-%., Frovision is made for &0 cor more
trunks to each of the 20 final choices, or groups of final selectors serving 500
lines, The trunks to the final selectors which serve lines 0 to 459 and the
trunks to final selectors which serve lines 9300 to 9999 are shown in deteil; in
each of these cases 24 trunks are multipled to the incoming frames in subgroup
4, 24 to the frames in subgroup B, and 12 to the frames in subgroup Cs« The other
12 sets of terminals in group O of bank 1 end in group & of bank 4 on the incom-
ing fremes in subgroup C are spare.

When more than 60 trunks are required tco handle the traffic to a group
of 500 lines, additional final frames are provided and the subscriber's multiple
is extended to the banks on the additional freme or frames, When the total
number of finael selectors required for & group of 500 lines does not exceed 90,
the multiple banks on the additional freme are split vertically in the middle so
that one half of the selectors on the frame are used for cne group of 500 lines,
and the other half may be used for ancther group of 500 lines, This condition
is illustrated by the addition of split frame F2l on which are located 12 addi-
tional selectors, a total of 72 trunks being required to carry the incoming
traffic to sach of the groups of subscribers' lines 2000 to 2499 and 2500 to 2899
respectively., In this case, the terminel strips on one half of frame FZ1 are
multipled to the terminal strips on frame F4 end the terminal strips on the other
half of frame F2l are multipled to the terminal strips on frame F5. When the
number of additional selectors required is greater than 30, & whole final frame
of 60 selectors 1s added. In business and hotel areas where the incoming traffic
is very heavy, 1t 1is frequently necessary to furnish two final frames for a group
of 500 lines, As already mentioned it was necessary to furnish 300 final selec-
tors on 5 final frames in Pennsylvenla office to cere for the traffiec to a par-
ticular group of 300 subsoribers' lines, Sketch 4 in Tigure 6 shows the typieal
division of an incoming bank of 100 terminals. A4s in the case of the district
and office frame banks, these divisions are made on the commutator, and in the
wiring atteched to the bank., The slip arrangement shewn in figure 7 is used for
the incoming multiple snd is similar to that used for the trunks on office frames
except that the trunks are slipped in groups of four instead of in groups of 10.

- B3-
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The incoming frame, shown in figures 2 and &, is very similar to tha
district frames The multiple banks, as previously mentioned, are divided into
only four groups of trunks by the spacing of the metal segments on the "B" and
nY" commutator bars. Since trunk groups cannot be combined, as on the district
frame, thers is no "0O" bar on the incoming commutator and the "S™ bar is made
s0 as to be open in the overflow positions, An additionel commutator bar,
designated "P", 1s reguired for use in controlling the ringing of the called sub-
seriber where four party service is furnished. The incoming selector contains
supervisory and transmission equipment for the incoming end of the trunk as doas
the district selector for the outgoing end of the trunk. This equipment con-
sists of condensers and repeating coils which is now mounted on the incoming
frame, although formerly the practice was to mount this equipment on repeating
e¢oll racks., The trunks from the incoming Irame are cabled directly from the in-
coming multiple strips to terminal blocks on the end of the final frame., Two
12 oircuit cables are run from @sch group on the incoming bank, cmeconnecting
the odd numbered terminals of the incoming group to the odd numbered sselectors
on the front of the final frame, and the other connecting the even numbered ter-
minals in the incoming group to the even numbered sslectors on the rear of the
final frame. This method insures continuity of service from an incoming frame
to a group of SO0 subscribers even though one of the drive motors on a pair of
final frames should stop. Four 25 circult multiple cables per bank are reguired
between incoming frames in the same subgroup and these cables connect directly

to the multiple terminal strips.
The Tinal frame, shown in Figures 4 and 5, is slso very similar to the

distriot frame., The final commutator does not have & "0O" bar and the "B" and
"Z" gegments are so spaced as to divide sach multiple bank, to which 100 sub-
scribers' lines are conneoted, into ten groups of ten terminals each, there
being no overflow terminals, The subsoribers' lines are cabled from the H side
of the IDF to terminal strips mounted on the end of the final frame and from
there connected to the strips in the multiple banks, The multiple brushes differ

from those used on trunk hunting selectors in that the sleeve brush is non-

bridging so that it breaks contact with the sleeve terminal of one set before

- B4
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it makes contact with the slesve terminal of the next set. The finsl selector
relay bay 1s not as wide as that on district or incoming frames since it does
not include supervisory or transmission eguipment., The clutch on the final

freme includes two up-drive magnets, one designated HS (high speed) and the

other 15 (low speed). The HS magnet 15 used to drive the elevator upward dur-

ing brush and tens selections; the IS magnet is used to drive it upward, dur-

ing units selection and during PBX trunk hunting, at & rate of 15 terminals

per second.
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CHAPTER XIV
COMPLETING A MECHANICAL CLASS CALL

Incoming Selections and Trunk Hunting

Those parts of the sender and selector oircults which are used dur-
ing trunk test and in completing incoming and final selections are shown sche-
matioally in Figures 1 and 2. With the distriet selector sequence switoh in
the "selection beyond™ position (and, when an office selector is used, with
the office selector seguence switoh in the "talking™ position), the fundemsn-
tal oirouit is oclosed for trunk test ms soon &s the sender Rl switch enters
position 7 and the sender R2 switch enters position 5, providing the CL relay
has released. The trunk test circult is held open by operation of the (S) re=-
lay until after the class switch is set and the (CL) relay released besoause
the trunks which are selected on the various classes of call present different
normal conditions to the sender for test. On & mechenical class pall the (S)
relay is also held operated until the RC switch has been advanced beyond ter-
minal 3 so that the sender cannot proceed with trunk test and incoming brush
end group selections until the TH end H registaers have been set. With the in-
coming selector in its normel position, the sender (TG) relay operates and the
incoming (L) relay does not operate in the trunk test circuit, which is traced
from battery through one winding of the incoming (L) relay, over the T lead of
the interoffice trunk (essuming an interoffice call), through the office (when
used) and district circults, over the FT lead through the link end into the
sender, through the 14,500 ohm resistance, back contact of the (8) relay, wind-
ings of the (TG) and (OFL) relays, BO transletor brush end aro, compensating
raesistance, back over the FR lead through the link and distriet cireuits, over
the R leed through the office circuit (when used), over the R lead of the inter-
office trunk, to ground in the incoming cirouit. The operation of the (TG} re-
lay operates the (TG-1) relay thus advencing the R2 switeh to position 6.

The fundemental cireuit is closed by the sender for incoming brush
selsotion when the R2 switch 1s in position 6 and for incoming group selsction
when the R2 switch is in position B. The incoming (L) relay is connscted to
the fundamental eircuit for brush snd group selections in positions 1 and 3 of
the incoming switch, the operation of the (L) reley in each case advancing the

switech to positions 2 and 4 in which the UP magnet is energized and the selsctor
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driven upward. The TRIF magnst (TM) is operated in positions 3/4 thus tripping
the selected brush whem the selector moves upward, When the sender is satis-
fied for these selections by ground pulses from the "A™ and "B" commutator seg-
ments, the sender opens the fundamental circuit, releasing the incoming (L} re-
ley and edvancing the sender R2 switch to positions 8 and 10, respectively. The
release of the (L)} relay in each case advances the incoming switch to positions
3 and 5 respectively. The circuits in which the counting relays operate for
these selections are controlled by the setting of the TH and H reglsters.

Thus for brush selection the (0) counting relay is the first to be
operated and the No. O brush ils seleocted when the TH register 1s set on sither
of terminals 0 or 1; the (1) counting relay is the first to be operated and the
No. 1 brush is selscted when the TH register is set on either of terminals 2 or
3; the (2) counting relay is the first to be operated and the No. 2 brush is
selscted when the TH register is set on either of terminals 4 or 5; the (3)
counting reley is the first to be operated and the No. 3 brush is selected when
the TH register is set on elther of terminels 6 or 7; and the (4) counting re-
lay is the first to be operated and the No. 4 brush 1s selected when the TH
reglster is set on el ther of terminals 8 or 9, When the H reglster is set on
one of terminals 5 to 9, inclusive, the incoming group (IG) relay is operated
otherwise this reley remains normal. For group selection the (0) counting re-
lay is the first to be operated end the No. O group is selected when the TH
reglister is set on an even numbered terminal and the H register set on one of
terminals O to 4, inclusive; the (1) counting reley is the first to be operated
and the No. 1 group 1s selected when the TH register is set on an even numbered
terminal and the H register is set on one of terminals § to 9, inclusive; the
(2) counting relay is the first to be operated and the No. 2 group is selectad
when the TH register 1s set on an odd numbered terminal and the H reglster 1is
set on one of terminals O to 4, inclusive; and the (3) counting relay is the
first to be coperated and the No. 3 group ls selected when the TH register is
set on an even numbered terminel snd the H register is set on one of terminsls
5 to 9, inclusive.

The releass of the incoming (L) relay when the sender is satisfied

B L
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for incoming group selection advances the incoming switech to position 5, in
which position the (L) reley operates in local eircuit advancing the switeh to
position 6 for trunk hunting. The trunk hunting cireult is shown in Fig. 2 eand
the operetion is similar to that previously explained for distriet trunk hunt-
ing. When the incoming (L) relay releases after the idle trunk has been select-
ed, the inecoming switech 1s advanced to position 7. In position 7 the (L) relay
recperates in local circuit and locks over the "R" lead of the selected trunk
to ground in the final seleector circuit to which this trunk conneects, The opers
tion of the incoming (L) relsy, advances the incoming switch to position 8 in
which position the "T" lead of the incoming trunk is connected through to the
nT" lepad of the final selector circuit and the "R" lead of the incoming trunk
is connected to ground through the make contact of the incoming (L) relay.

Final Seleotions
With the incoming selector switch in position 8 the final salector

(L) relay is conneotad to the fundamental cireuit in positions 1, 3 msnd 5§ of
the final switch, the operation of the (L) relay in each case advancingz the
final switch to positions 2, 4 and &, respectiwvely. With the (L) relay held
operated the high speed (HS) magnet is operated in positions 2 and 4 final
brush and tens selection respectively, end the low speed (LS) magnet is operat-
ed in position 6 final units selection, driving the selector upward in each of
these positions. The TRIF magnet (TM) is operated in positions 3/5. The send-
ar R2 switch contrels final brush selection in position 10, final tens ssleo-
tion in position 12, and final units selection in position 14, the sender being
setisfied in each case by ground pulses from the final "A"™, "T" and "U" com-
mutator ssgments, respectively. The release of the (L) relay after the sender
has been satisfled for each of these selectlions advances the final switch to
positions &, 5 and 8, respectively, position 7 being a pessby position. When
finel brush selection is completed, the sender R2 switch sdvences from position
10 te position 11 but cennot advance to position 12 for finel tens selection
until the RC switch hes esdvenced beyond terminal 4, that is, until the T regis=s-
ter has been =set, llkewise when finsl tens selection has been completed the RE
ewitch edvences from position 12 to position 13 but cennot advence to position

14 for finsal unlits selection until the RC switch has advanced beyond terminal
- B8 =
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5, that ia, until the U register has been set. The advencs of the RZ awitch
from positions 11 and 13 is prevented, when the T and U registers respectively
have not been set, by the operation of the (S) relay in positions 10/11 or 12/13

of the RZ switch.

Line Busy Test - Called Line Idle
The final selector now proceeds to test the oamlled line to see whether

it is busy or idle. Flg. 3 shows the busy test circuit end the busy end idle
econditions on the sleeve terminals of individuael lines and trunks to Frivate
Branch Exchanges. Let it be assumed that the celled line is one which connects
directly to & subscriber's set and that the line is idle. In this cass there is
a 1100 ohm ground condition on the sleeve terminal of the selected line. When
the final switeh enters position 74/8, the (L) relay oparates to ground through
the meke contact of the (TK) relay closing the circuit from the sleeve multiple
brush to ground through the windings of the (TB) emnd (PBX) releys and advancing
the switch to position 9. This opsration can be followed on Fig. 4 which shows
schematicelly & finsl seleoctor circuit in its entirety. Neither the [TB) nor
(FPBY) relays operate end when the switch leaves position 8, the (L) relay re=
leases thus advancing the switch to position 12, positions 10 and 1l being pass-
by positions, If the (TK) relay is holding over the sleeve lead to ground in
the incoming circuit when the final switch enters position 12, the final switch
is advanced to position 13. With the (L) relay not operated in position iE. the
gewltch 1is advanced to position 14 in which positicon the "T" and "R"™ leads from
the incoming are connected through the T and R multiple brushes to the called
line, and the switch remains in this position during talking and until the con-
nection is released by the incoming. The other conditions which may be encoun-
tered by the final selector when testing the sleeve of the selected line will

be considered later in this chapter.

Incoming Advance

When the finasl switch advanced beyond position 73, it disconnected
ground from the ring side of the local trunk thus releasing the incoming (L) re-
lay end thereby telling the incoming selector that finsl selections had been come
pleted. (See Fig. 2). The release of the incoming (L) relay advances the

- B9 =
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inocoming switch to position 9 in which position the incoming connects battery
through the winding of the (L) reley to the ring side of the incoming trumk,
end with the fundamental eircuit closed by the sender (R2 switch in position
16 as shown in Fig. 1) current flows through the (STP) and (OFL) relays in the
opposite direction to that in which 1t flowed during distriet, office, incom=-
ing end finel selections. Both the (STF) and (OFL) relays in the sender and
the (L) relay in the incoming operate et this time. The (OFL) relay locks in
position 16 and closes the circuit in which the incoming advaence (IA)] relay
operates. The operation of the (IA) relay closes the cirouit through the make
gcontact of the (STP} relay in which the (0) counting relay cperates. The opera-
tion of incoming (L)} relay advences the incoming switch to position 11 and the
fundamental cirecuit is not opened until the incoming switch hes advenoed be=-
yond position 10. The opening of the fundamental circuit by the incoming switch
roaleases the incoming (L) end sender (STP) relays thus causing the operation of
the (B0) and (F0) counting melays. The operation of the (BO) relay opens the
fundamental e¢ircuit in the sender and the operation of the (F0) relay closes a
cirouit in which the advance (AV) relay operates. The oparation of the (F0)
relay also advances the R2 switch to position 17. The release of the (0FL) re-
lay when the switch advences from position 16, releases the (IA) relay thereby
advancing the sender RZ2 switch to position 18.

The operation of (0FL) relay in position 16 tells the sender that aell
selections which it controls have been completed and the sender in turn tells
the district selector so as to advance the distriet out of the selection beyond
position in which its switch hes been resting during office end final selections.
To this end, the operation of the sender (AV) relay as shown in Fig. 5 opens the
short cireuit around the 21,000 ohm winding of the (SC) relay, thus increasing
the resistence in this lead to such an sxtent thet the distriet (SC) relay re-
leases; but the sender (SC) relay holds operated. The release of the distriet
({5C) relay, releases the distriet (L) relay thus causing the advence of the dis-
trict switch out of the selection beyond position (position 10) to position 12,
When the switeh enters position 11 ground is connected to the SC lead instead

of battery thru the windings of the (SC) and (D) relays, thus causing the releass
= 70 =
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of sender (SC) reley and thereby telling the sender that the distrioct is ready
to advence to the proper talking position as ocontrolled by the sender. The re=-
lease of the sender (SC) relay, releases the sender (SCl) relay, thus operating
the sender (H) relay and releasing the sender (Hl) relay. The H relay locks
over the SC lead to ground on the district switch in positions 11/1. When the
distriot switch advanced beyond position 112, the tip and ring sides of the call-
ing line were disconnected from the "T™ and "R" leads to the sender oircuit, and
wore connected to battery snd ground through the windings of the repeating coil
end through the winding of the district supervisory (S) relay. The sender (L),
(SR) and (SRl) releye are thus released end the (S) relay operates over the sub-
soriber's loop and does not release until the subseriber replaces the receiver
on the switchhook. The operation of the (S] relay causes the operation of the
(SC) relay which locks to ground under control of the Fl contact of the discon-
nect (DISC) interrupter.

Talkins Selection

With the sender (AV) relay opsrated and the (SCLl) relay released, the
fundamental cirocult, as elosed for talking selection, is traced from battery
through the P winding of the districc (L) relay over the "FT™ lead through the
windings of the (STP) and (0OFL) relays to ground through a 1000 ohm resistance.
The distriet (L) and sender {STP) relays operate. The distriet (L) reley,
operated, locks through its own make contect to the "FT" leed and closes the
district switch R megnet circuit. As the district switch advences, ground is
connected to the "FT" lead by one of the distriect switch cams, in positions
128-138 148152 /18 thus holding the (L) relay operated but short oircuiting end
causing the release of the sender (STP) relay. 2ach operetion and release of
the stepping relay ceuses the operation of ons set of counting relays. The first
ocounting relay to be operated depends upon the setting of the trenslator, the
cirouit being controlled by the talking selectim (TS) translator brush. When
the sender is satisfied the (B0O) and (F0) relays operete opening the fundemental
eirouit so as to relsase the district (L) relsy and stop the district switch in
the next position, in which the talking ecireult is established for this parti-

cular call. The sender has completed its duties end returns to normal, but the
-71 -
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deseription of its return is postponed for the time being.

Trunk Closure - Ringing

With the distriet switeh in the talking position it closes the trunk
to the incoming selector thru the winding of the (CS) relay. (See Fig. 8).
With the incoming selector in position 1l and assuming that the distriot switeh
on this particular call has been advanced to position 14, "Talking Charge™, the
trunk olosure oircuit ils traced from battery through the S winding of the incom-
ing (A) relay, through one winding of the repeating coil in the incoming, over
the tip side of the incoming trunk, through the office selector (when used)
through one winding of the repeating coll in the district, through the winding
of the (CS) relay, winding of the repeating coll, over the ring thru the office
selector (when used) to the incoming, through the winding of the repeating coil
and P winding of the (A) relay to ground. The (A) relay operates in this oir-
cuit but the (CS) melay does not since it is polarized and the current is in
the non-operating dirsction. The operation of the incoming (A) reley closes a
oircuit thru the winding of the incoming (L) relay which operates and locks in
position 11 advancing the incoming switch to position 12. The (L) relay holds
in position 12/14 under control of the incoming (A) and (R) relays. The incom-
ing switoh is advanced from position 12 to 14 by the operation of the (I) relay
under control of the (IR) interrupter. With the incoming switeh in position 14,
ground is connected over the ™I'"™ lead through the final selector oircult to one
side of the subsoriber's lins, and & lead from the ringing meohine is connsoted
through the winding of the ringing (R) relay, over the "R" lead, through the
final selector olrouit, to the other side of the subseriber's line as shown in
Fig. 6. The celled subsoriber's bell rings and at the same time & circuit is
oclosed thru a .02 MC condenser and winding of the (S) relay to the repesting
ccll whereby m™audible ringing"™ is transmitted to the calling subseriber. When
the receiver is removed from the awitchhook &t the called station, the (R) re-
lay operates, relessing the (L) relay, thus opening the ringing circuit. The
release of the (L) relay advances the incoming switch to position 16 in which
position the talking connection from the calling subscriber is completed through

to the ecalled subscribar,

- 78 .
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Talking
The district selector supplies talking battery toc the ealling sub-

seriber and the incoming selector supplies talking battery to the called sub=
soriber through windings of repeating coils in these two cirouits, BSee Flgure
8. The distriect and incoming circuits esch contain a supervisory relay desig-
nated (S)! which remsins operated &s long as the receiver is off the hook at the
calling and celled stations respectively. These supervisory relays are similar
to those assgciated with the enswering and calling cords &t a manual A board.
The trensmission of volee ocurrents is amccomplished, in the sams manner as that
in usa in a manual office, by the use of repeating colls and condensers.

The operation ef the incoming (S) relay ceuses the operation of the
inooming (I) relay whareby the battery and ground through the windings of the
(&) relay ere reversed with respect to the tip and ring sides of the trunk so
as to cause the current through the distriet (CS) relay to flow in the opposite
direction. The distriet (CS) relay now operates and the incoming (A) relay is
held operated in this eireuit. The operation of the (CS) relay indicates to the
distriot that the ocalled subsoriber has answered and thet if the oalling line is
2 message rate line, the messsge register should be operzted or if it is a coin
line the ccin should be collected when conversation is completed. Therefore,
with the (CS) relay opsrated, the (LF) relay operstes when the charge (COHG) in-
terrupter closes its beck contact. The (LF) relay locks under control of the
(Cs) relay snd when the (CHG) interrupter closes its front contact, the (CH)
relay oparastes end locks. With the (CH) melay opereted when the omlling sub-
soriber replasoces the recelver on the switchhcok the messapge register on =
massaga rate line is operated or the ooln is collescted on a ecoin line but wherse
the (CH} relay is not operated at the time the connection is released the mecsage
raglster is not operated or the ocoin is returned. A seperate olrouit known as
the Coin Control Ciroult comneots to the distrlet at the proper time for return-
ing or collecting the coin on & coin line.

Called Line Busy

Returning to the point where the final selector is testing the select-

ed line, let it be mssumed that the called line is not idle, but is busy, having

- T8 =
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previously been selected by some other final selector on a terminating esll, or
having previously been selected by a line finder eircult on originating a oall,
The sleeve terminal is connected to the 48 wolt battery through 220 ohms resis-
tance, in addition to being connected to ground through the winding of the (C0)
relay (See Fig. 4). Under this condition, the (TB) and (FPBX) relays both op-
erate and when the final switeh enters position 9, the (L) relay holds to ground
through the meke contasot of the (TB) relay and the operation of the (PBX) reley
relaases the (TK) relay. The release of the (TK) relay advances the switeh to
position 12, in which position the (TK) relay reoperates and locks over the
eleeve lead to ground in the incoming selector circult. The reoperation of the
(TK) reley asdvenoces the switch to position 13, in which position the DOWN mag-
net is oparated and the selector returns to _normal., When the selector reaches
normal, the switch 1s advanced to position 17 in a ecircuit through the "Y" com=-
mutator segment and brush. In positicn 17 a ciroult is closed as shown in Fig.
8 from ground through a power driven interrupter in the "miscellansous tone and
interrupter” circuit which alternately operestes and releases the final (L)} re-
lay. The alternate operation and relsass of the (L) reley alternately closes
and opens & c¢ircult from a tone lead in the "miscellanscous tone and interrupter”
girouit through resistence Bl, B2 and S {total 720 chms) over the ring lead to
battery through the winding of the incoming (S) relay. The tone is inductively
transmitted to the celling subsceriber thereby informing him that the ecalled line
is busy.

PBYX Trunk Hunting

If the called line, which has been selected by the final selector
under control of the sender, is the first trunk in a group of FBX trunks and is
idle, the sleseve terminel is connected to ground through the 100 cohm winding of
the (CO) relay {(See Figs. 3 and 4). In this case, the operation is exsetly the
sames as that described when the called 1line was an idle direot line to a sub=-
goriber's set, But if this first trunk in the PBX group was not idle, but was

busy, the sleseve terminal would be connscted to 48 wvolt battery through 220 ohms

resistence in addition to being connected to ground through the winding of the

(cO) relay. In this case, the (TB) relay operates, but the (PBX) relay does not
aEp T R
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oparate when the (L) reley closes the busy test circuit in position 8. The (L)
relay holds to ground through the meke contact of the (TB) relay and when the
switoch enters position 9, the (LS) magnet 1s energized in a eircuit through the
meke ocontaoct of the (L) reley to ground through the make contact of the (TK) re-
lay. The (TK) relay does not release since the (PBX) relay did not operate.
The elevator moves upward and the slesve brush mekes contact successively with
the sleave terminels of the trunks in this P.B.X. group. The sleeve brush on a
finel selector is not a bridging brush but the (L) relay ls held operated by the
"C" gommutator and by the meke contact of the (TB) relay sufficiently to keep
the elsvator moving upward between terminals. When an idle terminel is reached,
the (TB) relay releases but the eirouit through the "C" commutetor segment holds
the (L) mnd (TK) relays operated until the elevator has been driven high enough
to insure proper centering of the multiple brush on the terminals of the sslesct-
ed trunk. When the ocircuit through the "C" commutator segment is opened, the
(L) relay releases, the P magnet circuit is opened and the brush rod drops down
egeinet the pawl which has entered the corresponding slot in the reck. The re-
lease of the (L) relay advences the switch to position 12 and from this point
the operatlion 1s no different from that descrlbed for a call to an idle dirsot
line.

The slesve terminal of the last trunk in the P.B.X. group is connect-
ed to the (CO) reley in the same menner as & direct line, and therefore, if all
of the trunks in a P.B.X. group are busy both the (PBX) and (TB) relays operate
when the sleeve brush mekes contact with the sleeve terminel of this lest trunk.
When the eircuit through the "C" commutator segment is opened, the (TX) relay re-
leases cpening the UP megnet oircuit. The releass of the (TX) relay also advanc-
#s the switch to position 12 and from this point on the operation 1s the same as
previously described for a call to a busy direct linae.

Return of Sslectors to Normal

Whan the celling subseriber replaces the receiver on the hock, the
distriet (5) melay releasses and when the Fl contact of the DISC. interrupter
opens, the (SC) relsy relesses (Ses Flg. 9). The release of the (SC) relay

operates the (D) relay through the F2 contact on the DISC. interrupter, advancing
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the district switch to position 17. The (LF) relay operates in position 17 and
locks through the ™I" commutator segment advencing the switeh to position 18.
In position 18 the line finder and distriet DOWN magnets operate driving the
line finder and distriet elevators down to normal. When the line rinder eleva-
tor reaches normal, the "M" segment 1s opened and the (LF) relay releases, re-
leesing the line finder DOWN megnet. Whem the district elevator reaches normal
ground thru the distriect "Y" commutator brush and segment advances the line
finder district switch to position 1 "Awaiting Link™.

When the district switch sdvanced beyond position 15% the trunk c¢los-
ure was opened snd the ineominz (A) relay released. The release of incoming
(A) relay released the incoming (L) relay thus advancing the incoming switch to
position 18, in which position the DOWN magnet was energized and the elevator
returned to normal. %When the elevetor resches normal, ground through the "Y"
commutator brush and segment advances the incoming switeh to position 1.

When the district switch advances beyond position 164, busy ground

_was disconneoted from the sleeve brush thus releasing the office (L) relay.

The release of the office (L) relay advances the office switch to position 18,
in which position the DOWN magnet is energized. When the slevator reaches nor-
mal, ground thru the "Y" commutator brush and segment advances the office switch
to position 1.

When the ineoming selector advances beyond position 164, the busy
ground is removed from the sleeve multiple brush, releasing the (TK) relay in
the finel selector circuit snd thus sdvancing the final selector switoch to posi-
tion 15, The (L) reley operates in position 144 and holds over the called sub-
soriber's loop until the receiver is replaced upon the switchhook. With the (L)
ralay held opsrated, the switch is advenced through positions 15 and 16 by the
operation of the (TK) relay under econtrol of the (TO) interrupter within from 2
to 4 minutes after the final is released by the incoming. When the (L) relay re-
leases due either to the esdvence of the switch from position 16 or on account of
the receiver being replaced on the swlitchhook, the switch is advanced to position
18 by ground through the back contact of the (TX) reley. In position 18 the DOWN

megnet 1s energized and when the elevator reaches normal, ground on the "Y"
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commutator segment advances the final switch to position 1 (NORIAL).

Sender Returns to Normal

Having thus completed & ¢all snd returned the line finder-distriet,
office, incoming end finel seleotor cirecuits to normal, i% 13 necessery to re-
turn to the point at which talking selection was completed and follow through
the operation required to return the sendsr to normal and in advaneing the link
from the "eut-through” position intoc the "hunting district” position. As soon
as the registers sre no longer needed for controlling selections, they are re-
sot to normsl es showm in Fig. 10, which is self-explanatory. When the distriet
selector sdvanced out of the selection beyond position the sendsr (5C) and (SCl)
relays released and the (H) reley opersted end locked to ground in the distriet
selector circuit over the "SC™ lesd. With the (F0) relay operated on the com-
rletion of talking selection, & ocircuit was closed in which the (¥0l) relay
operates, advancing the Rl switch to position 9., See Figure 10. When the Rl
switch enters position 8, battery through the 270 ohms is conneotsd in parallel
with the winding of the (H) relay tc the "SC" lead causing operstion of link
(T) relay. Operation of the (T) relay operates the link (C) relay, advancing
the link switch to position 6. The (T) relay releases when the switch advances
beyond pnsitiaﬁ 54, and if the sender selector elevator is not standing on one
of the last 20 (or 10) sets of terminals, the (C) relay releases end the link
switeh is advanced to position 7 which is the "Hunting Distriet™ position-- the
same position in which we coriginelly asssumed the link to be mt the time we
originated a osll., With the sender Rl switech in position 9, the sender R2
switeh 1s sdvanced to position 1. With the R2 switch in position 1, the ERC
switoh normal, and with relays (H}, (Hl) snd (SR) releasssd, the Rl switch is
edvanced to normal, releasing the (SC) relay. The class switch stays in the
position in which it was used until it is advenced to some other position on &
succeading call. All equipment used on the cell, whose operation has been follow-
ed, has now been restorsd to normal.

Time Alerms
When a o2ll is originated end a "trip"™ cirecuit (&) (or (B)) relsay

operates, a timing circuit starts operation and, if the called line has not been
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found and the (A) (or (E)) relay releassed within from 5 to 12 seconds, an isle
pilot lamp is lighted and an audible alarm is operated. An individual lemp also
lights, indicating the particular trip cireuit which has not been released with-
in the measured time.

When the (GA) or (GB) relay in the "start" circuit fails to operate
within an interval of from 2 to 5 seconds after ground has been placed on the
STA (or STB) lead, an sudible slarm is operated, and individusl and aisle pilot
lamps are lighted to assist the maintenance forece in finding the particular
oirouit which is in trouble. At the same time as the alarm is operated a so-
called "Throw-over Faature"™ becomes operative whereby all succeeding calls will
be served by links and line finders in the sub-group which is not affected by
the trouble which caussd the throw-over.

When & link eirouit becomess stuck in the "Awaiting District®, "Hunt-
ing Sender™, "Awalting Sender”, "Return from last 10 {(or 20) S5 Terminals™, an
alarm is operated within from 20 to 30 seconds after the sequence switch enters
the position in which it is stuck,

When a ocalling subscriber falils to replace the receiver on the hook
within from 2 to 3 minutes after the called subseriber replaces the receiver
on tha hook, or within from 2 to 3 minutes after the district enters the over-
flow position and transmits overflow signel to the calling subscriber, an alarm
i1s operated.

Sender Time Measure Switch

Failure of any selector to perform its funoction under control of a
sender as well as failure of the sender itself results in what is known as a
"Stuok Sender"., The "T'ime Measure™ switch (M) is used with a power driven
interrupter designated "TMA" to measure time intervals within whieh the warious
parte of the sender's oparation should be completed. See Figure 1l. As soon
as a sendsr is seized and made busy, the (TMS) relay operates and locks to "off-
normal™ ground. The time measure advance (TMA) melay operates advancing the
(1) switeh from normal, Its further sdvance is under control of the [(TMA) in-
terrupter and the setting of the RC switch. Thus, an intervel of from 30 to
80 seconds is allowed within which dieling must be started. If the RC switch
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has not been advenoed from normal during this interval, & sireuit is closad
through terminael 4 on the M6 erc operating the stuck sender-relesse ([SSR) re-
lay. The operation of the (SSR) relay at this time causes the sender to fune-
tlon in such & way that the call is completed and the line is connected to =
trunk terminating at a permanent signal cperator's position.

If dieling is sterted and the RC switch advanced from normal within
the time mllowed, the time measure switch begins to msasure & new interval of
from 230 to 60 seconds within which disling must be completed. If dieling is
not completed within this intervel a circuit 1s closed through terminal 7 on
M6 arc causing & partial disl signal to be displayed at & sender monitoring
position. The monitoring operator imserts a talking cord in a jack associated
with this lamp &nd attempts to have the subscriber complete dialing or replace
the receiver on the hook; but if unsuccessful the insertion of the talking cord
plug in a meke=busy jack {am operation celled priming) causes the line to be
connected to 2 permanent signal trunk in pases where translation has not pre-
viously been completed, and causes the sender to return to normal if transla-
tion has been previcusly completed.

After dialing is completed and if the line is not a coin line the
time measure switch allows an intervel of from 30 to 60 seconds on calls to the
other panel type offices within which the sender should ocomplete its operations
and return to normel. If the sender has not completed its functions within
this time the time memsure switch closes & circuit whioh flashes & lsmp at the
sender monitoring position snd the sender may be released by priming as pre-
vicusly described.

When the calling line is a coin line and after dieling has been com-
pleted within the sllowed time, the time measure switch closes and controls
cirouits in which tests are made to determine whether the coin has properly
been deposited except on calls for which no charge is made, such as a call to
informetion operator. Should the test indicate thet there is no coln deposit-
ed or thaet there is & false coin ground on the line, the time measure switch
oloses a cirocuit which causes & lemp to light at a monitoring operator's posi-

tion. Should the coin subsequently be deposited the call will proceed, otherwise
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the eguipment will be held until releesed by priming. After a test has shown
that the coin has been properly deposited the M switch measures the interval
within which the sender should complete its operation, as previously desoribed.
Coin Control
When the calling line is & coin line snd & coin has been deposited it
should either be collected or returned after the receiver is replaced upon the
switchhook. When the district (S) relay releases the distriet is selected by
gn idle ™Coin Control"” circuit. This circuit collects the coin by connecting
+110 volte to the line if the charge (CH) relay in the district is operated and
returns the coln by connecting -110 wvolts to the line if the (CH) relay is not
oparated., On the earlier panel instaellations the sender was reselescted by the
district under such conditions as caused the sender to limit 1ts operation to
the returmn or collection of the ccin as the case required. It is more sconomi-
cal, however, to place this control equipment in an auxiliary eircuit which con-
nects itself to the distriet at the time 1t is needed.
Various Hinging Conditions
The arrangement shown In Fig. 6 for closing the ringing circult is one

which would be used for either individual or 2-party ringlng. Fig. 7 shows the
ringing eircuit not only for individual and Z2-party serviece but also for 4-party
selective and 4-party semi-selective service. No further explanation is requir-
ed for ringing where the service is individual or 2-party, except that usually
immediate ringing is furnished in rositions 12 and 13 during the time the switch
is being edvanced under control of the (IR) interrupter. Immediete ringing is
eontinucus and not under control of the ringing machine so as to signal the sub=-
seriber as soon as trunk c¢losure has been received by the incoming, even though
the ringing machine should be on a2 silsnt part of the cycle.

Where 4-perty selective ringing 1is used two of the stetions are slg-
nalled over the tip side of the line to ground snd the other two are signalled
over the ring side to ground, this beingz accomplished by proper cross-connsction
at the M.D.F. Superimposed ringing current is used to distinguish between the
two stations which are signalled over the tip side of the line and betwsen the

two stations which are signalled over the ring side of the line. One station on
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each side is signalled with % - and the other station on the same side is sig-
nalled with = + ringing current. The four lins numbers are assigned in such a
manneér that & call to either of the two which are signalled by %+ - current will
be completed over & trunk in groups O or 2 of any bank on the incoming freme,
and s call to either of the two stations which are signalled by + + current will
be completed over a trunk in groups 1 or 3 of eny bank. When a trunk hes been
selscted by the incoming in either of groups O or 2, the incoming (P} relay re-
mains non-operated, but when & trunk hes been selected in elther of groups 1 or
3, & circuit is closed in vposition 11/14 through the (P) commutator brush and
gsagment operating the (P) relay. The polarity of ringing current connected to
the line depends then on whether the (P) relay is operated or non-operated and
this in turn depends upon the group in which the incoming has selected & trunk
to & final selector.

Where 4-party semi-selective ringing is used, two stations are sig-
naelled over the tip side of the line end the other two are signalled over the
ring side of the line. The (F) commutator is used to distinguish between the
two stations which are signelled over the =ame side of the line, one of them
being signalled by & one ring code and the other by & 2 ring code, both bells
ringing at the sams time. It is necessary that when ringing starts, both rings
of a 2 ring code will elways bae given. To this and, the closing of the ringing
eircuit is under econtrol of a pick-up (FU) drum on the ringing machine. When
the incoming (A} relay has operated from trunk closure in the district, the (L)
relay operates, advancing the switch to position 12. If the called line number
is such that the incoming has selected a trunk in either of the groups 0 or 2,
the (P} commutator circuit is not closed and the (L) relay releases when the
switch advances from position 11l. The incoming pick-up (FU) relay which closes
the ringing circult, operates immediately in position 12 to ground throuzh the
back contact of the (L) relay. Operation of the (PU) relay advances the switch
to position 13 in which position the "R1l" ringing lead is connected through the
winding of the (R) relay, make contact of the (PU) relay and through the final
selector to one side of the called line. If the called line number is such that
the inecoming has selected a trunk im either of groups 1 or 3 the (L) relay doas

not release when the switch advences from position 11 but holds to ground through
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the (P) commutator segment end brush. In this case the operation of the (FU)
relay is under control of the piek-up interrupter, and it is therefore operated
at such a time as will cause the ringing circuit to be closed during the silent
period preceding the first ring of the two-ring code. The operation of the {FU)
relay advences the switch to position 13 and since the (L) relay is holding
through the (P) commutator segment and brush, the switch does not stop in posi-
tion 13 but edvances to position 14. The (L) relay relesses when the switch
leaves position 13 and the switoh is stopped in position 14. When the (R2)
drum 6f the ringing mechine completes the silent part of the cycle, ringing 1s
started. The removal of the receiver from the switchhook at the called station
operates the (R) relay in either of positions 13 or 14 casusing the release of
the (PU) relay, thus opening the ringing circuit and esdvancing the incoming
switch to the talking position.
Overflow - Tell-Tale

When the distrioct selector fails to find an idle trunk in the select-
ed group, it stops on the overflow terminals of that group and the distriet
switch edvanoces to the "Seleotion Beyond™ position as previously deseribed,
Ground through the "Z" commutator brush and segment operates the district (CH)
relay thereby connecting "reversed battery™ to the fundamentael circult. The
sender (0OFL) reley i=s operasted and the sender realizes that the district selec-
tor "went to overflow". After dialing hes been completed, the sender advances
the distriet from the "selection beyond"™ position end controls talking selec-
tion as on a regular call except that the (3) counting relay is the first to be
oparated and the district switch is therefore advanced to position 17. In this
position an "All Paths Busy Tone" is transmitted to the ecalling subseriber. See
Fig. 8. The sender returns to normel as soon as talking selection 1s completed.
When the calling subscriber replaces the receiver on the switchhook, the dis-
trict suparvisory (S) relay releases and the line finder distriot circuit returns
to normal, as on a regular call.

Should the district selector "go to tell-tale™, that is, travel to
the top of the bank during the time the UP magnet 1s energlzed either for group

or brush selection, or for trunk hunting, ground through the "X" commutator
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brush and segment edvances the district switch to position 7, in which position
oparation of the (L) relay advances the switeh to position 8. Ground through
the "X" commutstor brush and segment then advances the switch to position 17.
The "T" and "H"™ leads to the sender mare thus immedistely opened and ground is
connected to the "SC"™ lesd. The sender under this condition does not walt for
dieling to be completed but returns to normal immedlately; the district remains
in position 17 and trensmits overflow tone to the calling subseriber 1in the
same manner a&s when it went to overflow.

If the line finder travels to the top of the bank without finding the
calling line the elsvator stops on the forty-first terminal (which is called an
overflow terminal) if the multiple brush has been tripped for although there is
no line connected to this set of terminels, the "trip" circuit connected battery
to the (H) terminsl the same as if it were a subscriber's line. When this set
of terminels is connscted through the lins finder and link eirouits to an idle
sender, the sender (L) relay falls to oparate and the sender immediately causes
the distriet to return to normal end restores itself to the idle condition. If
the line finder multi ple brush were not tripped, the eslevator travels past the
4lst terminal until the "N" commutator brush has broken contact with the "N©
segment, The (LF) reley then releases end the circuits are returned to normal
a3 on "overflow" except that the trip circuit is not satisfied as it is when =a
ealling line is found and has to "time itself out™ of the busy condltion, be-
fore it can be used on another call.

When an office selector "goes to overflow", ground through the "Z"
commutator brush and segment advances the office selector to an "overflow" posi=-
tion in which "reversed battery™ is connected to the fundamental ecircult, (the
district being in the selection beyond position), causing operation of the send-
er (OFL) relay. The sender and distriet circuits then function in a similar
manner to that described for district overflow. When the distriot switch ed-
vances beyond position 167 ground is removed from the sleeve brush thus relsas-
ing the office (L) relay, and the office selector returns to normal as on a regu=-
lar call. In some of the earlier installetions, the office selectors were not

arranged to conmect reversad battery to the fundamental eircult on "tell tals
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sondition and the equipment was stuck until released by a trouble opsrator or
by the maintenance force. Office selectors are now arranged so thet when they
travel to "tell-tele™ the operation is the same as that which ocecurs on "over-
flow" condition, except that it is the "X" commutator which causes the switch
to sdvance to the "overflow or reversed battery" position.

When sn inecoming selector "goes to overflow", the Incoming switch is
immediately sdvanced tc the "reversed battery" position, since there is no final
selector connected to these terminels and therefore no ground to hold the incom-
ing (L) relay operated. The sender (OFL) relay is operated and the sender causes
the district to advance to the overflow position. In so doing, the distriect
gives & temporary trunk closure which advances the incoming selector out of the
"awaiting trunk closure™ position. When the closure is removed by the district
the incoming selector is retumed to normal as on & regular call. If the in-
coming "goes to tell-tale™ the operation is similar to thet just described for
"overflow", except that ground thru the "X" commutator brush and segment causes
the advance of the switch to the "reversed battery™ position, and also causes

its return to normal as scon as the switch enters the trunk closure position.

When a final selector "goes to tell-tale™ ground thru the "X" com-
mutator brush and segment advances the final switeh through the "busy test®
position and the switch is then advanced, as on a regulsr call, to the "talking"™
position. The incoming proceeds to give "reversed bettery™ to the sender just
as on a call when final seslections were actuslly completed, but the sender,
knowing that they have not been completed, accepts the operation of the (0FL)
relay &8s & tell-tale signal and cmuses the district to edvence to the overflow
position and give the overflow signal to the eslling subseriber. The final
selector is returned to normal when released by the incoming as on & reguler
call,

Abendoned Calls

When a call is abandoned, the sender (L), (SR) and (SRl) relays re-
lease, causing the opsration of & "wipe-out™ (W0O) relsy. If distriet group
selection has not been eomplated when the (W0O) relay operates, the sender and
district are returned to normal immedistely. If district group selection has
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been completed, office test and selectlons are also completed (when an office
selsctor is used) and a trunk te an incoming selector is selected. The sender
then causes the incoming to travel to tell-tale during brush selsction; or if
the call is abandoned after incoming brush selection has been completed, the
sender causes the ineoming or final {as the case may be) to travel to tell-tale
on the next selection after the operetion of the (W0) relay. With either the
incoming or final at "tell-tale™, returm to normal is completed as described
for tell-tale ocondition except that the district does not have to wait for the
calling subseriber to replace the receiver on the hook. When a ocall is abandon-
ed after the sender has completed its operation and during the time the called
subscriber is being signelled, the district opens the trunk c¢losure to the in-
coming. The incoming opens the ringing eircuit, and return to normal of all

the seleotors Iinvolved is completed &s on a regular call,
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Couras A-132

CHAPTER XV
RCI EQUIPMENT AND OPERATION

Cells from subseribera in Panel offises to subseribers in manual
offioes may be completed over trunks direet to and terminating at, positions of
the "B" switohboard which are equipped with relay call indieator, "RCI", equip~-
ment as shown in sketeh A of Figure 1. On such & oall the registers are set and
trenslation completed by the sender in the same manner as on & mechanlipal class
eall. The CLASS switch (R3) is set in an "RCI DIRECT" class position and the
sender causes the district and offiee selectors to seleet an idle trunk whieh
terminates at a position of the "B" board in the manmial office. An "assign-
ment lamp™ assoclated with this trunk lights telling the operator that the
trunk has been selected. The operator depresses a "dlsplay" key assoclated
with the lighted lamp, thersby causing the sender cireuit in the panel offige
to transmit & code of "RCI"™ pulses, over the trunk, to the position "RCI Control”
circuit. The RCI control circuit causes the called number to be displayed on a
"eell indicator™ mounted in the keyshelf of the position. The manual operator
inserts the plug of the trunk In & multiple jJack of the ealled line and ringing
is automatiesally controlled. In case the called line tests busy the operator
inserts the plug in a "busy back" Jjack and busy tone is transmitted to the
ocalling subsoriver.

Sketeh "A" in Figure 1 shows schematlically the equipment involved in
completing a direoct RCI eall; Figure 2 shows & No. 1-B switchboard position
with RCI equipment, and Figure 3 shows the keyboerd egquipment of such a posi-
tion.

The agquipment at each RCI position ineludes a meximum of 48 plug
ended trunks incoming from the penel office or offices with each of which is
essoclated en assignment lemp, & disconnect lamp and one or two non-loexing
display keys. HNumber plates and designation strips ere provided for numbering
the trunk cirecuilts. The RCI position control eircuit consists of a number of
relays mounted in the rear of the board direetly behind the position with which
they are associated. That combination of relays is overated on each incoming
eell, by the pulses from the sender in the penel offiece, as will cause the

=B6=
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called number to be displayed on the "ecall indiecator™. The eall indicator cone
sists of a set of lamps located under a ground glass plate arranged in & groups.
Each lamp is so shielded that when lighted it will display & number or letter on
the ground gless plate above 1t without allowing eny lizght to illuminste
neighboring charactera. The firast group at the left consists of two lamps
marked 0 to 1 used for indiecating the "ten thousands™ digit and on calls where
the number is below ten thousand, the O lamp lights when there 18 no party
designation. The next 4 groups consists of 10 lamps each, numbered from 0 to 9
for displaying the "thousands", "hundreds™, "tensa™ and "units" digits,
respectively. The group on the right consists of 4 lemps numbered J, )M, R and W
whioh are used for displaying the party designation. When one of the ten
thousands digit is dlspleyed no party designetion is displayed and vice versa,

A3 many poaitions at the "BE" board in s manual office are equipped
with RCI equipment as are needed to handle the traffic inooming directly from
panel type offices. In order to provide teamwork between operators at
adjacent positiona & number of trunks are provided with two display keys.

Figure & shows all trunks so equipped. The front key is the "home"™ or regular
display key and its operation causes the ealled number toc be displayed on the
regular or home position indicator. The rear key is known as the "teamwork"
display key and its operation by an adjaoent operator causes the assignment
lamp to flicker indicating to the operator at the home position that the csall
ia being handled by the adjacent operator. Depressing the teamwork display key
also transfers the "busy test"™ from the home operators telephone set to the

ad jacent operators telephone set.

Where the traffio to each of & number of manual offices is not suf-
ficient to justify the installation of direct trunks and direct eall indicator
equipment in each of these mamnual offices, tandem RCI egquipment is installed
at "B" positions in one of the manual offices (or at some other office
oentrally located with respect to these offices). See sketch B Figure 1.
Manual tandem operatora receive all the calls for these offlces over the
tandem RCI trunks and complete these calls on & "ecall wire®™ or "streightforward"

trunking baesis to that one of this group of menual offices in which the called
-
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line terminates., In this case the originating sender transmits current pulses
not only for the called number but also for the office code. The tendem cell
indicator is therefors egquipped with an additional set of lamps arranged in 3
groups of 10 lamps each on which s numeriecal code is displayed which corres-
ponds to the office code which was dialed by the originating subsoriber. The
key board equipment ineludes a set of eall eiroult keys, where the ocalls are
completed on a eall circult basis. These keys are arranged 12 in a strip and
the office code numbers are engraved on the buttons. The office code
abbreviation ocorresponding to the offiece code numbers are shown on & designa-
tion strip to the right of each row of buttons. The maximum of 144 call ecir-
cuits can be installed. Only 40 trunks incoming from panel offices are
terminated on each tandem RCI position. It will be evident thet in general the
cperation of the incoming end of the tandem RCI position is similar to the
operation of a direct RCI position.

Every direot or tandem RCI position is provided with a two-wey look-
ing key whose operation transfers the busy test cirouit to the operator's
telephone circult of the adjacent position, so thet during hours of light load
one operator may complete connections at several positions without transferring
her telephone set from position to position.

An smergenoy call indicator equipment is provided consisting of a set
of lamps and e multiple contact plug which cen be plugged into & Jack mounted
on the lock rail at the right end of each eall indieator position. The relays
associated with the emergency indiecator are mounted in the terminal room and
cabled to this Jack at each of & group of positions. The trunks are switched
from the regular to the emergency equipment by the operztion of a locking key
mounted above the subseriber's multiple. 1In case of failure of the regular
eall indicator apparatus the supervisor plugs in the emergency lamp set and
cperates the emergency key, thereby maintaining servioce.

When it is desired to discontinue the use of a position either
during hours of light traffle or due to trouble that cannot be corrected by use
of the emergency eguipment, all trunks to this position must be made to test
busy at the panel office. To do this it is neceasary to ground the sleeve

-BR-
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terminals of the trunks at the district (or office) frames. A sequence switch
is provided at the panel office for each call indiecator position to which trunks
are provided. This "make-busy" switeh, when advanced to & certalr position,
grounds the sleeve terminals of all trunks in this group. "Make-busy" switchea
are mounted on "Make-Busy Frames™ in the panel office.

There are two methods of controlling the "Make Busy" sequence
switches. By the first method each position is equipped with z "Make Busy" key.
Operation of the "Make Busy" key at any position conneets battery over a cable
conduetor to a cirecult in the machine awitching offiece which controls the
seguence awitch assoelated with the trunks to this RCI position. The awitech 1is
thus advanced to the position in which the sleeve terminal of each trunk in the
group is connected to ground. To remove the busy condition the "Make Busy" key
is restored to normal causing the switch in the machine switching office to
advance to normal. The "Make Busy" keys are located on the face of the board
above the subseriber's multiple.

The second method involwves the use of selectors in the machine switeh-
ing office to aotuate the "Make Busy" switchea. TFor each office to which RCI
trunks are provided two terminsls are set mazlde on a final frame in the machine
switching office, one as & "Make Busy” number and the other as a "Make Idle”
mmber. These terminals are common to all groups of trunks t0 a manuel office
while other terminals are asaigned as group numbers, one for eech oell
indicator position which has trunks from the panel offloce under consideration.
To meke the trunks from the panel office to any ecall indicator positlon busy,
the supervisor or en "A" operator at the manual office calls the "Make Buay"
namber, the conneotion being eatablished in the same manner as a reguler
gubsoriber's call. A second ocall is made for the "Group Number™ which is
assigned to the position to be taken out of service. With these two con-
nections established the "Make Busy" switch, associated with the particular
group of trunks which 1t is desired to make busy is advanced to the busy posi=-
tion. A distinetive tone is then transmitted to the manual offise over the
second connection to indicate that the trunks have been made busy. The
Supervisor then releases both connections and the selectors in the mechanical

-A9=
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office are returned to normel. To restore the Srunks to service, the "Make
Idle™ number and the "Group Number" are ocalled and the control circuit at the
panel office advances the "Make Busy" sequence switch to its normasl position. A
different tone is transmitted to the manual office over the "Group" number
connection to indicate that the busy condition has been removed. The release of
the connectlions returns the aselectora in the machine switching office to normsal.

The first method requires & cable conductor from each position to the
mechine switching office which hes trunka terminating at the position. If
trunks from more than one office terminate on a position a conductor is required
connecting these offices in series., If diffioculty is encountered with dif-
ferences of ground potential = pair of condustors is required. The second
method does not require cable conduetors; but in cases of trouble it is
destrable to teke a position out of service as quickly as possible and from
this view point the firast method is more satisfactory than the sesond. There-
fore in deciding which of the two methods to use the cost of cable conductors
should be compared with the undesireble traffic feature of the second method.

It is usually desirable during hours of light traffic to be able to
vacate all but one or two "night" positions and to be able to complete all
ealls at these positions. For this purpose one or more positions are provided
at which a few trunks from each machine switching office are terminated. By
meking all other positions busy, as desoribed abowve, all calls will be
completed at the "night"™ positions.

Parts of the sender, trunk, mnd RCI control circuits ere shown
sohematiocally in Fig. 4. The RCI impulse ewitch (R4) in the sender circult is
advanced as soon a3 the class switch has been set either to position 17
"Awaiting start for RCI Direct"™ or to position 9 (position 5 on three-digit
senders) "Awaiting start for RCI Tandem". The trunk test circuit cannot be
elosed by the sender on RCI class cslls until dialing has been completed so as
not to light the trunk assignment lamp in the manual office until the sender
is ready to trensmit the pulses corresponding to the ocslled number, The time
measure switeh allows from 2 to 4 seconds additional time for the setting of

the stations register on RCI class calls when there may be a party designation

T, .
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dialed or when the number may be above 9999. Dialing having been completed, the
sender (5) relay releases closing the trunk test eircuit which is treced from
battery thru one winding of the (A) relay in the trunk cirecuit, over the T side
of the trunk, thru the office, distriect, and 1link eireuits, thru the sender
(TG) and (OF) relays, back thru the link, district, end office circuits, and
over the R side of the trurk %o ground thru the other winding of the (A) relay.
Wote that the 14,500 ohm resistance which was ineluded in the trunk test cir-
cuit on mechaniesl class ealls is not ineluded on RCI class ealls. The (A)
relay in the trunk circuit and the (TG) relay on the sender circuit operate.
The operation of the (A) relay lights the aasignment lamp; and the operation of
the sender (TG) relay causes the operation of the sender (TGl) and (CI) relays,
advancing the RZ awitch to position 15, "RCI pulsea™. The operation of the
"diaplay key" at the manuel position causes & number of operations one of ,
which is the operation of the (I) relay in the trunk cirouit. The operation
of the (I) relay disconnects the trunk from the windings of the (A) relay and
connecta it to the RCI econtrol oircuit. The (TG) relay in the sender is thus
released, in turn releasing the (TGl) relay. The release of the (TGl) relay
closes a circuit for advancing the RCI impulse switch (R4) from the Start
position thru the remaining positions of the first revolution and thr an
entire second revolution. During this advance of the (R4) switch, battery and
ground are comnected to the T mnd R sides of the trunk in such & manner as %o
gause the trensmission of & code of current pulses thru the winding of the
[SH+) (SN=) and (MG) relays in the RCI control circult. The pulses which are
tranamitted depend upon the setting of the office code and numerical

regiaters on a tandem RCI ecell, and upon the setting of the nmumeriocal
registers alone on & direet RCI call. Four circuit conditions are set up by
the sender for each letter of number to be transmitted. The first end third
of each of these sets of four conditions may be such as to transmit a light
positive pulse or may be such as to transmit no pulse (open circuit). The
second and fourth of each of these sets of 4 conditions may be such as to trans=-
mit a light negative pulse, & heavy negative pulse, and may be an open oircuit

with no pulse sent. A negative pulse is transmitted when negative battery i=s

=-9]l=
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gonneoted to the ring side and ground is conneoted to the tip side of the trunk;
and a positive pulse 1s transmitted when negative battery is connected to the
tip side &nd ground is oconmnected to the ring side of the trunk. A heavy pulse
is transmitted when the battery is connected through e 52.5 ohm resistence in
rarallel with & 6500 chm reaistance, and a light pulse when it is connected
through the 6500 ohm resiatence only. The 4 ciroult conditions for eash digit
ere established in 4 succeszsive poslitiona of the RCI awliteh in the following
order on RCI direct calls for numbers below 10000: Stations, thousands,
hundreds, tens and units. On tendem RCI calls the pulses are transmitted in
the order A, B (and C in 2 digit areas), stations, thousands, hundreds, tens
end units. On ealls to numbers above 9929 the pulses controlled by the setting
of the stations register are sent after those sontrolled by the setting of the
units register, instead of being sent immediately preceding those pulses cone
trolled by the setting of the thousands register. The tables in Figure 5 show
what pulses are sent for each digit as controlled by each register and also
shows the positions of the R4 switch in which these pulses are sent by both 2
end 3 digit senders. The senders are also arranged so as to transmit & heavy
positive pulse after all of the office ocode and numerical pulses have been
transmitted. This pulse is necessary when a oall is completed thru & "two-wire
office seleotor"” which will be considered in a later chapter.

Referring to figure 5 and assuming the called number to be 3974-J
the pulses for the letter "J" will be sent in positions 17, 18, 19 and 20 of
the first revolution of the R4 switch; the pulses for the digit 3 will be sent
in positions 1, 2, 3 and 4 of the second revolution; the pulses for the digit
9 will be sent in positions 5, 6, 7 and 8; the pulses for the digit 7 will be
sent in positiomns 9, 10, 11 and 12; and the pulses for the digit 4 will be sent
in positions 13, 14, 15 and 16. The 4 conditions for the party designation J
will be, - open ocireuit, light negative pulse, light positive pulse, and light
negative pulse; the 4 conditions for thes thousands digit 3 will be, - light
positive pulse, light negative pulse, open sircuit, and heavy negative pulse;
the 4 oonditions for the hundreds digit 9 will be, - open cirocuit, light

negative pulse, light positive pulse, and heavy negative pulse. The 4 oondi-

-7
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tions for the tens digit 7 will be, = open eircuit, heavy negative pulse, open
eirouit, heavy negative pulse; and the 4 conditions for the units digit 4 will
be the same ms were sent for the party designation "J".

The RCI position control ecirouit receives these pulses through two
polarized and one marginal relay and records each set of 4 pulsea on sets of
reglster or lamp oontrol relays. One of the polerized relays (SN-) operates on
& negative pulse and non-operates on & positive pulse; the other polarized
relay (SN+) operates on a positive pulse and non-operates on a negative pulse,
The (MG) relay non-operates on a light pulse and operates on & heavy pulse
irrespective of their polarity. When the pulses for the letter "J" are reoceived
open oireuit has no effect, the light negative pulse operstes the (SN-) relay,
the 1light positive pulse releases the (SN-) relay and operates the (SNs+) relay,
and the light negative pulse releases the (SN+) relay and reoperates the (3SN-)
relay. The first operation of the (SH-) relay operates the (W) reley but does
not operate the (Z) relay. The release of the (SN=) relay causes the operation
of the (Z) relay and holds the (W) relay through the make contact of the (W)
relay. The operation of the (SN+) relay with the (W) relay operated, operates
the lamp control relay (C). The (C) reley locks and closes & circuit that will
1ight the (J) lamp as soon as all pulses have been received. Release of the
(SW+) relay has no effest but the reoperation of the (SN=-) relay short cir-
ouits the (W) relay causing its release but holding the (2) relay operated.

The operation and releamse of the (W) relay transfers the circuits controlled

by the (SN+), 535-} and (MG) relays from the firat to the second set of register
or lamp control relays so that the next set of 4 conditions set up by the im-
pulse awitoh in the sender will cause those register relays to be operated
which are necessary in lighting the "Z" thousands lamp. In & similar manner
each set of 4 oconditions set up by the impulse switch in the sender causes
gertain lamp control relays to be operated as are required for lighting the
proper lamp in each group of lamps. When the pulses for the uniis digilt have
been reiei..d the lamps are lighted, and when the operator inserts the plug of
the trunk in a multiple Jack of the called line the control circuit is released
and the display on the call indicator extinguished. Since the impulse switch

«93=
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in the sender has completed sending the RCI lmpulses the sender makes talking
selection and returns %o normal in & similar manner to that deseribed for a
mechanical elass ozll. The connection is under control of the eslling sub-
seriber and when the receiver is replaced on the hook at the ceclling station
the district returns to normel, opening the trunk and eausing the DISC lemp at
the marmiel position to light. The operator then removes the plug of the trunk
from the multiple Jjeck and the DISC lamp is extinguished.

In the following table is shown the operation of the assignment and

disconneect signals under Adifferent eireuilt conditions.

Asaignment Disconnect

Lemp Lamp

l. Trunk selected by the switching apparatus. Dis=-
play key not depressed, and trunk not up in the
multiple. Steady tut

£. Trunk selected by the switching apparatus.
Displey key in home position depressed. Trunk
net up in the multiple. Flashes tut

3. Same sas gondition No. 2, except team work dis-
play key 1s depressed instead of home key. Flickers Cut

4, Trunk selected by switoching apparatus. Display
key depressed and trunk plugged into a
multiple jJack; or another display key has been
depressed later. out Qut

5. Calling subscriber (or special operator) dis-
connects, causing the switching apparatus to .
disconnect. Cut Steady

6. Call indicator trunk cord removed from multiple
in error. Steady Out

7. Trunk which is still plugged up in the multiple

from a previous call is selected by the switch-
ing apparatus on & new call. Steady Steady
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PANEL SYSTEM "3" SWITCHEOARD
A-S 24

There are three methods by whioch calls from lines in manual offices
are completed to lines in penel offices, as follows: (1) by use of & "Panel
System B" switchboard in the panel office, (2) by use of "Key Indicator" equip-
ment in the manuel office end (3) by equipping each "A™ position in the manual
office with & dial and dial key. The use of a panel system "B"™ switchboard will
ba considered in this chapter, the other two methods belng considered in the
next chapter.

The use of a "B"™ hoard in the Pansl office makes unnscessary any change
in the Manual offiece and calls to Panel offices are handled by the "A™ operator
in identlically the same memnner as calls to Manuel 0ffices. In fact neither the
calling subseriber nor the "A" operator need know in what type of office the
called subseriber is located. The trunks from the Manual offies to the Panel
office may be arranged either for call circult or straightforward operation and
connect to incoming selector circults on incoming fremes in the panel office,.
The trunks sre also multipled to & penel type multiple bank on a "3 Sender and
Link Frame™ but do not terminate as a cord and plug at the "B"™ position as do
the "plug ended" trunks at manual "3" positions. For that reason the term "Cord-
less" is commonly applied to this "3" baard_and to the incoming salector cir-
cults,

With reference to call circult operation the "A" oparator repeats the
ealled number to the mechine switching "B" operator who essigns an idle trunk,
The "A"™ operator inserts the plug of the celling cord into a multiple jack of
the assimed trunk lighting s "GUARD"™ (White) Lamp at the ™B™ position, The "3
operator depresses the assignment key whioh is assccimted with the lighted lamp
end slso depresses numerical recording keys corresponding to *he e¢alled number,
Operation of the asslgnment key ceuses & "B" link circuit to connect an idle nman
sender to the assigned trunk, the link and sender being mounted on a "3 Sender
end Link (Panel Type) Frame". This sender then causes incoming end final selec-
tions to be made, seccording to the numerical keys which were depressed, so as to

connect the callins subseriber to the celled subscriber. The equipment involvad

-95-
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in completing such & eall is shown schematically in Figure 1., The connection 1s
under the supservision and control of the "A"™ cperator in the originating office
and the "CUARD™ Lamp and a "BUSY" (Green) Lamp, which are associated with this
trunk, indicate the various conditions which exist during the establishing of

the connection as follows:

Guard Lamp Busy Lamp

Condition {White) {Green)
Normal out out
Calling Cord Flugged
Into Trunk Multiple Jack Steady out
Last Numerical Key Demressed
Selections Not Completed out Flicker
Ringing and Talking Out Steady
Disconnect Flash Flash
Paths Buay Flicker out

A Panel system (or oordless) "B"™ switchboard is shown in Figure 2 and
the keyshelf equipment is showmn in Figure 3. The board consists of low dask
type sections, two positions to a seetion. The keyshelves are sloped at the
angle shown in order to meke the trunk keys and numerical recording keys as
accessible to the coperator as possible. Rach trunk has assoclated with it an
"agsimment™ key, & "disconmect™ key, a White "GUARD"™ Lamp end a Green "BUSY"
Lamp. The lamps and keys are mounted on the upper keyshelf in two rows, 20
trunks per row with designation strips for trunk numbers and office names just
below each row. A set of numerical recording keys are mounted in the middle of
the lower keyshelf on which to record the number of the called line. The key
sets are removable and one emergency set is provided for every 10 positions.
Should the reguler set at any position become defactive the emergency set can be
substituted end service maintained. Eaech recording key set consists of four
groups of 10 keys each, numbered from O to 9 inelusive. The keys are manually
opereted and eleotricelly released.

Thus, each cordless "B" position handles the traffic incoming over a
maximum of 60 trunks which conmec¢t to incoming selectors mounted on an incoming
freme, FEach position is served by 6 link eireuits, 2 allotter circuits, and 2
kay control circuits, the spraratus for three positions being mounted on each "B

-,
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Sander and Link Frame™. All of the cordless "B™ positions are served by & com-
mon group of "B" senders there being & meximum of eight of these common senders
mounted on esch "B Sender and Link Frame". The "B Sender and Link Frams" and
the three incoming fremes, which serve three positions are located in a row.
The incoming frames are similar to those on which incoming selectors from panel
type offices are mounted, as shown in Figure 3 Chapter 13. The "B Sender and
Link Frame", shown in Figures 4 and 5, is 2 double sided freme somewhat similar
to the penel link freme described in Chapter 5. The fremework is divided into
three bays. The end bays (one for the front of the frame and the other for the
rear of the frame) are used for mounting the motors, fuse panels, sequence
switohes, patching jacks and terminal strips. The upper portion of the middle
bay is divided vertically into two halves, one of which is used for mounting the
relays, condenssers and resistances for the senders, links, allotters and key con-
trol circuits whose sequence switches and panel selectors are located on the
front of the freame, The other half is used for mounting this apparatus for the
senders, links, sllotters and key control oircuits whose sequence switches and
panel type selectors are located on the rear of the freme. With this arrange-
ment the equipment which serves each position is divided between the front and
rear of the frame so that, if the motor on one side should stop, the position
would not be deprived of service &s long as the motor on the other side of the
rrame continued to run. The lower part of the middle bay is used for mounting
the commutators, trunk esnd sender multiple banks, trunk finders, sender selectors
friotion roll drive, keys and jacks. The relay bays in the upper helf are mro-
tected both et the front and the mar by dust-proof casings with metal doors.

Each link cirecuit ineludes a2 trunk finder, a sender selector, a se-
quence switch and & number of relays. Since more than three leads are required
to and from the link eircuit, esch trunk finder and sender selector brush rod has
two multiple brushes one for each of e pair of multiple banks. Each bank con-
elats of 65 sets of three terminal strips easch. The pair of banks at one end of
the frame furnishes the trunk finder multiple for the trunk finders associated
with peositions 1 end 2, These banks ars split vertically in the middle so that

the six - trunk finders {(three on each side of the frame) which are assocliated with

-5 T
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each of these two positions have individual trunk multiple. A pair of banks at
the other end of the frame is split vertically so that the inner section furnish-
es the individuel trunk multiple for the six trunk finders (three on each side
of the freme) assoecisted with position 3; the outer or end section of these
banks furnishes the sender multiple for the 9 sender selectors (three for each
position) on each side of the freme. The brushes which make contact with the
terminels in the upper banks are bridging brushes while those associated with the
lower banks are non-bridging. The brushes are permanently tripped and the brush
rods are returned to normel after each connection has been established.

Each sllotter circult includes & sequence switch and & number of ra-
leys. One of the two allotter circuits associated with each position allots the
three links located on one side of the frame and the other allotter circuit
Bllots the three links located on the other side of the frame. The three links
on the front of the frame are allotted on three successive calls and then the
three links on the rear of the frame are allotted on the next three successive
calls handled at this position.

A key control eircuit inecludes & sequence switch and & number of relays
there being two key control circuits provided for each position. They are used
alternately on successive calls thus permitting the starting of a second call as
soon a5 the recording keys are released without waiting for the key control cir-
cuit to return to normsl. If cne of the key control ecircuits should becomes de-
feotive the other key control circuit is used on mll calls, and it is to insure
continuity of service that the second key control circuit is provided.

Each sender consists of one sequence switch and a number of relays,
condensers and resistences. The apparatus for sendesrs A, B, C and D 1s mounted
on the front of the frame and the apparatus for senders E, F, G and H is mounted
on the rear of the freme. Senders A, B, C and E, F, G are connected to the six
bottom sets of terminals in the bank on the same frame on which the senders are
located. Thus, when only six senders sre equipped per frame the link sender
se2lectors will always select a sender which is located on the same frame provid-
ing one of them is idle; but if all of the senders on this frame are busy the

sender which is selected will be located on some other "B" sender or link frame.

.
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The remaining sets of terminals in the sender multiple benk are connected in
groups of six to the senders mounted on other fremes, using multiple slip and re-
versal. When senders "D" end "H" are equipped, they are wired to the terminals
in a group above the terminals which connect to the first six senders on the
last regular "B" sender freme.

Those parts of the ecircuit involved in completing a call through a
cordless "B" board which ere required in followlng the coperations described be=
low are shown in Figure 6. Assuming that the trunks incoming to & cordless "B"
position are operated as caell circuit trunks, end the trumk having been assigned
by the operator on & particular cell, the assignment key associated therewith is
depressed causing the incoming switch to advance to position 2. In positiom 2,
the guard (white lamp) is lighted, and ground is conneoted to the hold (H), start
(ST) and fundamental (F) leads. Ground is disconnected from the hunting (HT)
lead when the switch advences from position 1 so that the penel trunk finder in
the link oircuit, which has previously been allotted for use on this call, will
select and connect to this trunk. The ground on the (ST) lead operates the (T)
relay in the link eircuit, The (T) relay, cperated, operates the (SH) reley,
thus advancing the link switch to positiomn 2. With the (T) relay operated, ground
is connected to the trunk finder (G) commutator bar, and, with the switch in
pesition 2, ground is connected to the sender selector (G) commutator bar. The
oirouit through the "P" winding of the (SH) relay is opened when the switch ad-
vances to poaltion 2 but a2 circult is closed through the "S" winding to ground
to the (C) commutator brush and segment holding the (SH) relay operated. The
sendar selector "UP"™ megnet is operated in position 2 driving the sender selec~
tor brush rod upward, The bottom sleeve multiple brush (SH) is a bridging
brush end the (SH) relay holds through its "P" winding to the grounded sleeve
terminals of busy senders; but when the idle sender is reached, the circuilt
througl: the "P" winding le opened and as soon as the brush rod has travelled
high enough to insure the pawl entering the slot in the rack whieh corresponds
to the multiple terminals of the idle sender, the circuit through the "S" wind-
ing to ground through the (C)} commutetor brush and segment is alsc opened, re-
leasing the (SH) relay. The releass of the (SH) relay connects ground to the

OG-
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(8H] multiple terminel so as to meke the test busy to any other hunting sender
selasctor. The release of the (SH) relay also advances the link switch to posi-
tion 3. A permasnent busy condition 1s connected to the (SH) multiple terminel
as long as the link switch is in positions 2 3/4 / 8 1/4. With the link switch
in positions 2/3 end with the (T) relay operated, the trunk finder (UP) magnet
is energzized driving the trunk finder brush rod upward. The (T) relay holds
through the (H) multiple brush to ground in the trunk circuit until the assigned
trunk is reached. Since ground has been disconnected from the (H) multiple ter-
minal of this trunk, the cireuit through the "P" winding of the (T) relay is
opened and when the trunk finder hes traveled high enough to insure the pawl en-
tering the slot in the rack which corresponds to the multlple terminals of the
assigned trunk, the cirouit through the "S" winding of the (T) relay to ground
through the (C) commutator brush and segment is also opened releasing the (T)
relay. The release of the (T) relay connects ground to the (H) multiple terminal
so &as to make 1t test busy to eny other hunting trunk finder. The release of the
{(T) relay also operates the (H) relay thus advances the link switch to position
4. The operation of the (H) relay elso operates the (HD) relay thus closing the
holding eircuit for the (H) relay through the (H) multiple brush and over the
"H" lead to ground through the back contact of the (L) relay in the incoming cir-
cuit. Ground is connected directly to the sender selector (&) commutator bar in
position 3 3/4 [/ 18. With the link switch in position 4, ground is connected to
the "B"™ lead operating the (S) relay in the selector sendsr. The (5) relay
locks through its "S" winding to this ground in the link eircuit and sdvances
the sender switch to position 2. The (SH) relay in the link cirouit operates in
position 4 of the link switch cver the "F"™ lead to ground in the inecoming circuit
{ incoming switch in position 2). The operation of the (SH) relay advances the
link switeh to position 5. The (SH) relay holds operated in this position. As
soon as the "B"™ operstor has depressed all of the keys corresponding to the call-
ed number a eirouit is closed from ground in the key control cirouit over lead
"A" through the link circuit to the incoming eircult advencing the incoming
switeh to position 3. In position 2 3/4 / 1, the incoming connects ground direct-
ly to the "H" leasd so as to hold the (H) relay in the link circult opersted until
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the c¢all is completed. In position 3, the guard [white lamp) 1s extinguished
and the busy (green lamp) flickers under control of the progress interrupter
(PFR). When the incoming switch advances from position 2, it disconmnects ground
from the "F™ lead releasing the link (SH] relay and thus advancing the link
switch to position 6. In position 6, the link (KC) relay operates over lead
"S" to battery in the key control ecircuit. The (KC) relay operated conneots
the "A"™ and "B" lead from the key control eircuit through the sender circuit
and while the link switech is in position 6/7 register relays are cperated in the
sender as controlled by the numerical recording keys which were depressed by the
oparator. The (FC) operated slso operates the (SH) reley connseting the "C"
lead from the key control ecirecuit to the sender eoircuit and advencing the link
switch to position 7. When the switch leaves position € the (KC) relay holds
through the contacts of the (SH) relay and in position 6 3/4 [/ 16 ground is con-
nected to the "Y" lead from the allotter circult to advance the allotter switch
to the next allotting position ready for the next call. When registration of
the called number has been completed in the sender, the key control circuit opens
the "S" lesd, releasing the link (KC) relay. The release of the (KC) relay and
consequent release of the (SH) relay opens the A, B and C leads and advances the
link switch to position 8 in which position incoming and final selections are
completed over the fundamental "F" lead from the incoming and the "B" lead to
the sender. When incoming selections are completed esnd em idle trunk to a final
selector hes been selected, the incoming switch is advanced to nposition 11,
selection beyond in which position the "F" lead is conneoted to the final and
the (SH) relay in the link operates over the "FR" leed to ground in the final
circuit. The (SH) relay operated operates the (T) relay and when final selec-
tlons are completed, the sender connects ground to the "A" lead advancing the
link switch to position 9. The final disconneets ground from the "R"™ lead when
final selections are completed, thus releasing the link (SH) relay and advancing
the link switch to position 10. In position 10, ground over the "A" lead advanc-
es the incoming switch out of the selection beyond position thereby disconnecting
ground from the "H" lead end releasing the (H) relay. The (HD) relay is thus re-

leased advaneing the link switeh te position 11, in which position the "TF" and
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"35" down magnets are emergized returning the trunk finder and sender selectors
to normal, When the "TF" selector reaches normal ground to the "TF" (Y) ocom-
mutator brush and segment operates the (SH) relay releasing the "TF" down mag-
net, and when the "S3" selector reaches normal, ground through the "S5" (Y) com-
mutator brush and segment advances the link switch to position 13. Ground on
the (B) cam advances the link switch to position 17 in which position the link
eawaits assimmment by the allotter for use on a succeeding call. The sender was

raleasad and the busy ground removed from the "SH" terminal when the link switech

advences from position 8 1/4.
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Call Distributing "BE" Switchboard

Incoming trunks terminate direectly on incoming selectors which are
miltipled to a trunk finder bank of the "B"™ link. The "B™ link is a three-
way link consisting of a trunk finder, position selector, and sender selector.
The trunk finder has access to the trunk finder benk having a capacity of
120 incoming selectors. The position finder hes a capacity for 20 positions
and the sender selector hes eccess to a sender multiple with cepacity for
1C0 senders. A link frame accommodates two link groups of 14 links each to-
gether with their associated start and trip eirecuit. Each link group is
further divided into two subgroups ™A™ and "B" similar in ecireuit operation
to the penel type line finder.

When a trunk is =selected at the originating end, the selection
causes the trunk finder selector of the "B"™ link to hunt for that trunk and
its associated incoming selector. At the same time, the position selector
starts hunting for an idle "B" operator's position. A4fter the position is

cut through to the trunk, order tone is sent out to the originating end and

the sender selector starts hunting for an idle sender. When an idle sender
is found, the "B"™ operator is informed of this uondiﬁinn. after which she
plays up the call on her key set. When the sender is satisfied, the link
releases the position and then the sender proceeds with fundamental selec-
tions in the usual manner. When selections are complete, the sender re-
leases, which causes the link to be released., See Fig. 1.
Position Cirouits

The position keyshelf is provided with a set of ten non-locking
numerical keys numbered O to 9 on which the operator plays up the number,
a non-locking reset key marked "RS", a non-locking position disconnect key
marked "PD", a sender lamp (white) and a link lemp (green). The general
arrangement of this equipment on the keyshelf isshown in Fig, 2.

In addition a supervisor's "call bell and pilot™ key is provided
on the left-hand position of each section, designated "SR". The white pilot

lemp loceted on the top of each section is associated with the "SR" key.
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A green jeweled lamp associated with the calls-weiting signal cir-
cuit is located on the top of the switchboard in each supervisor's division.

The supervisor's and operator's telephone jacks are mounted in the
lock rail. Each position 1s wired so that when the operator's telephone plug
is removed from the jack, the position will test busy to incoming calls.

An "a", Msnual Tandem, or Toll operator on receiving an order for
a Penel disl office number will plug into an idle trunk to that office in
the usual manner. The plug-in of the operator will cause a circuit to be
closed to start a link functioning as described ebove. When an idle "B
position is found, the link (green) lamp at that position starts flashing
(120 I.P.M.). When the truﬁk is also found the sender (white) lamp on the
position lights and the sender selector of the link starts hunting for an
idle sender. At the seame time, the order tone is sent back to the originat-
ing operator. The "B" operator will also hear this order tone. At the com-
pletion of this tone, the "B" operator's telephone cirecult is cut in and
she is ready to receive the order from the originating operator. At this
point, the link lemp becomes steadily lighted.

The sender lemp goes out as soon as the sender selector of the
link finds an idle sender. This interval will usually be less than one
second, If the sender selector on the link is standing on an idle sender
when the trunk is found, the sender lamp will light momentarily and then go
out. In any event, & ssnder should generally be found before it is required
by the "B"™ operator.-

The "B" cperator after obtaining the number from tne originating
operator can start to play 1t up on her key set immediately, provided the
sender lamp is out. After the "B"™ operator has played up the four digits,
the link lamp goes out and the link releases the position while the incom-
ing and final selectors proceed with fundamentel selections under comtrol of
the sender. A4s soon as the position is released by the link, it is available
for mnother call. When final units selection has been completed, the link

end sender are released, restoring the trunk finder to normel. The sender
102-B
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selector also restores to normal at this time if it is =standing on one of
the top 20 terminals.

Reset Key
If the "B™ cgperator depresses a wWrong numerical key before playing

up the units digit of the number, she may correct the error by first depres-
sing the reset key "RS" and then, as soon as the sender lamp goes out, set-
ting up the complete number again. The reset key in this case merely re-
leases the register relays already operated in the sender end again prepares
it for registration. If, however, the key corresponding to the units digit
of the number has been depressed and released, correction cannot be made and
the call will result in a wrong number.

In case the "B" gperator depresses a numerical key before the
sender 1s found as deseribed in the preceding section, the sender lamp will
start flashing (120 I.P.M.). In this case the momentary depression of the
reset key will retire the sender lamp provided the sender has then been
found. If the sender selector is still hunting, however, the depression
of the reset key will cause the sender lamp to become steadily lighted
until the sender is found.

Should the link lemp remain lighted after the last numericel key
has been depressed, the "B" cperator may depress the reset key and as socon
as the sender lamp goes out pley up the number again.

Position Disconnect Key

The position disconnect key "PD" is provided to allow the "B"
operator to relesse her position from the link in case the green lamp flsshes
for an asppreciable interval indieating a stueck link, or in case she eannot
free her position by writing up the number on her numericel keys. The
operation of this key will normally cause the link to free the position im-
mediately. Under this condition the reorder signal will be sent back to
the originating operator until she pulls down her cord, at which time the
incoming selector, the sender and the link will attempt to release. The
link and sender, however, may be held by the maintenance forces for Sracing
trouble as will be described later.

102-0
n
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Unoccupied Position end Night Alerm Circuit

Positions are sutomatically made busy by the removael of the opera-
tor's plug from the jack. When all positions are busy or vacant the circuit
functions to prevent any link circuit from hunting a position until one be-
comes idle. Should all positions become unocoupied a night elarm is suto-
matically effective. A4 call coming in at that time will sound the night
elarm bell. An coperator can answer this call on any position to which all
links have access.

Calls-Weiting Signal Circuit

A calls-waiting signal circuilt is provided to give an indication
to the operating force when calls are being delayed due to an insufficient
number of "B" positions in service. A calls-walting meter with three asso-
clated locking keys is mounted on the cable turning section at the end of the
switchboard. See Flg. 3. This meter is wired so as to indicate the number
of links attempting to find a position, provided the meter key 1s oparated.

In case all the "B™ positions are busy and four or more calls are
walting for operators, the alarm circuit will start to count tims and will
continue to count time &as long as there are four or more calls waiting.

At the end of 30 to 60 seconds, if this condition persists the green jeweled
lamp located in each supervisor's division will light and a buzzer in the
cable turning seoction will scund. A key is provided for the purpose of
silencing the buzzer whenever this is found to be desirsble. The operation
of the meter key retires the lamps at the supervisors' divisions and as
explained above, transfers the circuit to the milliammeter which is gradu-
ated directly in calls waiting. The third key is for the purpose of chang-

ing the circuit so that the alerm will cane in only if seven or more calls
are walting instead of four or more.

4 cseble turning section, 1' 4-5/8" deep and 1' long, is provided
for the end of a lineup of sections. The "calls waiting™ meter with the as-
soclated keys and relays and the night alarm equipment are located at this
point. The capacity of the cable turning section is such that & meximm of

approximately 40 positions cen be placed in a single lineup. See Fig. 3.
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Key Monitoring

Where specified, key monitoring equipm=nt is furnished as part of
the "B" switchboard installastion. This equipment permits a central office
instructor at a monitoring desk to listen in on the telephone set of any
position and, at the same time, receive by means of a lamp indiecator ar-
rangement a complete record of the operation of the keys and lamps at the
position.

The instruector plugs the monitoring cord into the jJjack correspond-
ing to the "B"™ position on which observations are desired. Taps from the
"B® gperators telephone circuilt are connected to the tip and ring of this
jack and over this circuit the instructor hears the order tone and all
verbal orders passed to the "B"™ operator. Three monitoring relsys at the
"B" position operate over the sleeve of the jJjack, to extend the key set
leads, link and sender lamp leads, and leads from the reset and position
disconnect keys to the monitoring desk. These leads are held open at the
monitoring desk until any call which is in progress through the position
has been completed.

With the monitoring desk ready to record a call the link lamps
(green) both at the "B"™ position and the monitoring desk flash when the
position is selized by & link. When the trunk is found these lamps change to
a steady condition end the order tone i1s sent out. The order tone 1is heard
by the "B" operator, the "A"™ operator and the instructor. A4lso, when the
trunk 1s found the sender lamps (white) light at both the position and the
monitoring desk indicating thet a sender is being hunted.

When the sender is found the sender lamps o out and the "B" opera=-
tor proceeds to play up the number requested. 4s the key corresponding to
each digit is depressed the digit is displayed on the indicator at the moni-
toring desk.

When the registration in the sender is completed and the "B" posi-
tion circult is dismissed the "WO" lamp at the monitorins desk lights to
indicate this condition and the link lamp soes out. The numerical display,

however, 1s locked in and all the leads from the position to the monitoring

desk with the exception of the listening circuit are opened. ‘Vhen the
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instructor has noted the display she depresses the release key which wipes
out the display and puts the monitoring desk in condition to record amother

call.
Link, Trip and Start Cirocuit

The link as described previously consists of a trunk finder, posi-
tion selector and sender selector together with the necessary control appa-
ratus all mounted on a common frame. This equipment is shown schematically
in Fig. 4. The equipment layout in Fig. 5 will be described in a separite
paragraph.

4 trip-snd-start circuit 1s provided per link group which is divid-
ed into two separate halves, one for starting the "A™ subgroup of links and
the other for starting the "B™ subgroup of links.

The trunk finder portion of the link is a panel selector similar
in design and operation to the panel line finder. Each trunk finder has
access to a maximum of 120 incoming selectors which sppear on two panel
banks similar to the banks used on line finder frames, but having 60 termi-
nals. These banks are split in the middle thereby prd%iding for two groups
of & maximim of 120 incoming selectors each. A link frame, therefore, has
capaclty to serve 240 incoming selectors.

The position selector consists of a 206-type selector with a
capacity of 20 positions. BSuiltaeble means are provided at the link frame f. .
connecting the position selector temminels to the positions to permit grad-
ing where more than 20 positions are regquired.

The sender selector 1is a panel selector hunting over two 100-termi-
nal banks. The two banks in this case are provided to give the necessary six
leads to each sender. The senders are, therefore, used in groups of 100 or
less. The sender-selector is almost identical to that employed by the sub-
scribers' panel link, the selector remaining on the sender terminals betwesn
calls except after serving a call through one of the top 20 terminals in the
multiple. In this case the selector returns to normal.

The link circuit seguence switch mekes only one-half revolution per

call allowing two complete calls per switch revolution. The operation of the
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circuit for the last half revolution 1s ldentiecasl with that of the first half

The function of starting a link and the tripping of the proper
brush of the trunk finder is controlled by the trip-and-start circuit. a
siznal over the start lead from the incoming selector causes the trip-and-
start eircuit to begin funetioning. During the time a trunk finder is hunt-
ing for a trunk, the trip=-asnd-start circuilt prevents another call from
starting a link in that subgroup until this trumk is found; however, it is
possible to start a link in each subgroup simultaneously provided links are
availuble in each subgroup. A4 transfer circult is provided so that when one
subgroup of links 1s busy the calls which would normally be served by that
subgroup are transferred to the other subgroup of the seme link group. With
this arrangement, when a trunk is selected by an ™A™, manual teandem, or toll
operator the trunk finder in the proper subgroup is started if one is avail-
able. If, however, the links in that subgroup are all busy a trunk finder
in the other subgroup will be started, provided they too are not all busy.
In this case the trunk finder will travel into the upper half of the benk
to find the trunk. Since the two halves of a trip-and-start circuit are
largely independent electrically, that part of the circuit serving ons sub-
group of links may be teken out of service and worked on without interfering
with light hour service. For this reason no emergency trip-and-start cir-
euit is furnished.

While the trunk finder is hunting for the trumnk, the position se-
lector 1s started hunting for an idle position. A double test feature is
employed in the selection of an idle position which 1s essentially that
used in the subscribers' panel link eircuit for hunting a district selector
end sender,

When the trunk and a position are both found the "B"™ operator is
cut through to the originating operator as described above. Meanwhile, the
link advences and starts hunting for an idle sender. The double test relay
in conjunction with other relays in the link, functions to drive the sender
selector over the sender multiple to find and test an idle sender "hunt®

terminal, similar to the method describad above for selecting an idle
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position. As scon as a sender is found, the link functions to close through
three leads from the position to the sender connecting the key set on the
position to the registration relays in the sender. 3See Fig. 7.

When the sender has recelved complete informetion from the opera-
tors' keyset, it slznals the link to release the position circult emd to
gut the fundamentel tip and ring through to the incoming selector. When
the incoming selector is in a position to proceed with incoming selections,
the link is advanced ip preparation for incoming and final selections.

Upon the completion of final units selections the incoming se-
lector sends reverse battery back to the sender whieh in turn advances the
1link into its "down drive™ position. The trunk finder is then returned to
normal. The sender selector remains on the sender terminals just engaged
unless they are within the top 20 terminels of the multiple in which case
the link functions to return the sender selector to normal before advancing
to the "awaiting assizgnment™ position.

Link Allotment

The link allotment arrangement is similar in some respects to
that employed in the subscribers' panel link cirouit. After a call is
served the link advances into its "awalting assignment”™ positlion, 9 or 18.
Links in the "awalting assignment™ position are allotted in order by means
of & chain cirouit in the links. When allotted the link is advanced into
the "awaiting call™ position, 1 or 10.

Figure 6 i1s a slmplified drawing illustrating this arrangement.
Assume for example the link of Figure C to be in the "ewaiting e¢sll"™ posi-
tion. When a call is origineted on this link it advances into position 3 on
finding the trunk, which completes a path from ground on the { cam of tae
last link in the subgroup throush like cams of intervening links over the
"SA" lead to the first link of the subgroup and then back over the "S" lead
to the link just picked by a call. From the "S™ lead the ground 1is then
carried through the "R"™ cam und over the "AS" lead to operate the "TF" relay
of the next succeeding link in the "awaiting assignment™ position. The

-operating path of the "TF" relay is from the "AS" lead through cams "U"™ and
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"y" to the "F" lead. The operation of the "TF" relay advances the link into
the "awaiting call"™ position.

When the last link in the subgroup is allotted, the next link to
be moved to the "awalting cell™ position will be the first link of the sub-
group or if that is still busy serving a call, to the next link found in the
"awaiting assiznment®™ position.

Absndoned Call

If the originating operator should- abandon the trunk before the
trunk finder selector finds it, the trunk finder will be driven to the top
of the trunk finder bank (telltale). Here the selector up-drive is relesased
gnd the link cirecuilt advances to the "sender hunt™ position where an idle
sender 1s selected. The link then advances to the "down drive™ position
where the trunk finder and sender selectors are returnsed to normal.

Should the c¢all be abandoned after the trunk has been found but
prior to the start of the fundamentel selections the link will contimue to
advence and select an idle "B"™ operator if one has not already been selected.
The "B" operator, however, is freed immediately she 1s found and the link
advances to select an idle sender. As soon as a sender is found, the link
sequence switch is driven into the "down drive™ position where the link is
rastored to normal.

If the call be abandoned during fundementel selections, the incom-
ing or finel selector will complete the selections begun and then move into

the "reverse battery™ position, where the sender dismisses the link as de-

geribed above.

Link Circuit Automatic Release Feature

In case the link remeains in certain of its positions too long due
to improper functioning of the circuits, the automatic release Teature at-
tempts to release the cirocuilts. This feature is so arranged that the "B"
operator will be released immediately and a reorder siznal sent back by the
link to the originating operator until she pulls down her cord, at which
time the incoming selector, the sender, eand the link will release.

The various positions of the link sequence switoch and time interval
102-1
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in which the automatlc release feature functions when effective are as fol-

lows:
Link Release

Position 1 or 10 - Awiating Call Not Effective
Position 2 or 11 - Trunk and Position Hunt 15 to 30 Sec.
Position 3 or 12 - Position Hunt 30 to 60 v
Position 4 or 13 - Local Helay Operation 15 to 30 "
Position 5 or 14 - Sender Hunt 15 to 30 *»
Position 6 or 15 - Registration in Sender 30 to BO ™
Position 7 or 16 - Selections 15 to0 30 »
Position 8 or 17 - Down Drive 15 to 30 W
Position 9 or 18 - Awaiting Assignment Not Effective

"B" Switchboard Link Start Circuit Time Alarm And Start Lead Cutoff Jacks

An alarm is provided together with an automstic throw over feature
in comnection with the trip-spd-start eirocuit. If the trip-and-start cir-
cuit attempts to start a link end the link does not free the start circuit
within 5 to 12 seconds, the call is automatically transferred to the other
subgroup and a link in that subgroup is started. Subsequent calls in the
subgroup in trouble may or may not be shifted back to their proper subgroup
depending on the nature of the trouble. The alarm, however, is locked in
under control of a key located on the link freme. An audible alarm is
sounded, a lamp on the frame is lighted, the aisle pilot and a pllot on the
floor alarm board are lighted.

In addition to the regular start circuit alarm, an alarm is pro-
vided for the common lead from the trunks to the start eireuit in order to
indicate grounds on the common lead or failure of the start circuit relay
contacts. This alarm is effective if the trouble persists for more than
from 15 to 30 seconds. When this alarm comes in, & lamp on the frame is
lighted in eddition to the aisle pilot and a pilot on the floor alarm board.
Before being connected to the common start lead, the start leads from the
incoming selectors are connected together in groups of ten and carried
through cutoff jacks, located on the "B" sender and position test franme.
Thus, in case of a ground on the start lead in some incoming selector & make
busy plug can be inserted in one start lead jack after another until the
group of ten selectors involved is isolated. These particular lncoming se-
lectors can then be teken out of service and the trouble cleared without
blocking service in the entire group.
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Make-Busy Features

The usual means lor making the incoming and final selector circults
busy are provided. The incoming selectors are made busy at the outgoing end
end the final selecotors are made busy by means of jacks and plugs at the
final selector frames.

The "B"™ switchboard links are made busy by ilnserting a meke-busy
plug in a make-busy jack at the link frame, there being one jack for each
link eircuit. If a meke-busy plug is inserted in a link maske-busy jack dur-
ing the process of setting up a connection, it does not interfere with the
call. When the connection is completed, the link sequence switch advances
to the out-of-service position and remains there until the plug is removed,

A make-busy jack is provided for each subgroup of "B"™ switchboard
links and is associated with the start oircult. When a make-busy plug is
inserted in one of these jacks, calls over trunks in that subgroup are
routed through the other subgroup of links. The cirocuit is arranged so that

in case make-busy plugs are inserted in both meke-busy jacks of a group,

neither one is effeoctive.

A make-busy jack is provided for esch "B"™ switchboard sender for
the purpose of making the senders busy. These jacks are mounted on the "B"
switchboard sender and position test frame

"B® Switchboard Link Time Alarm and Holding Jack

In case the link cirecuit remains in any of its positions other than
the awalting assignment or awalting call positions, more than 20 seconds
after the release feature, or the operatlon of the posltion disconnect key,
an alarm is given. When the connection is released by the originating
cperator the incoming selector, the final selector, the link and sender re-
store to normal if possible and the slerm is retired. However, in order to
provide means for the maintenance foree to hold the links for the purpose
of tracing trouble, and to indicate as nearly as possible where the trouble
cceurred, a holding jack per link is provided. When a meke busy plug 1is in-
serted in one of these jacks, the operation of the time alarm fTeature or the

operation of the position disconnect key causes the position to be freed and
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the reorder signal to be sent back to the originating operator but when the
originating operator releases the connection, the link and sender are pre-
vented from restoring to normal, being held as nearly as possible in the
position in whioh the trouble ocourred. The trunk finder remains opposite
the terminal of the incoming selector involved in the call. The incoming
end final selectors are restored to normal and can then be used for subse-
guent calls,

The alarm circuit operates an audible alarm and lights the aisle

pilot and a pilet on the floor slarm board. A lamp individual to the link
end located on the link frame lights as soon as the releass feature functions.

Motor Stop Alerm and Transfer

A "B™ switchboard link motor stop alarm is provided which is simi-
lar to the slarms for other duplex motors. However, if a link motor stops,
the circult is arranged to trensfer cells to the links or the side of toe
frame on which the motor i1s running.

The Link Frame

The "B" switchboard link frame is similar in design to the sub-
soribers' link frame except that an additional relay bay is furnished at
each end. The frame, which is 8' 2-5/8" in length, is designed to accom-~
modate two link groups each oonsisting of 14 links and esch servinz & maximum
lsﬂrtrunks. Each link consists of a panel-type sender selector wnd trunk
finder and a 206-type selector for the position selector. See Fig. 5.

The links of each group are divided equally between the front and
rear of the frame., Of the seven links of a group on the front, four are in
the "A"™ subgroup and three in the "B™; and on the rear three are in the "a®
subgroup and four in the "B". As on the 28-28 line finder frame, the start
circult equipment for the even numbered group is located on the front and
for the odd numbered group on the rear., The spparatus for this ciroult is
mounted above the sequence switches.

The sender selectors are located in selector positions 9-22 and
39-52. A3 these selectors extend only half way up the frame, space is avail=-
eble on the trunk finder bank for reversing the multiple and for the trip
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megnets. The trunk Tinders occcupy selector positions 1-8, 23-28, 31-38 and
52-58. One test selector is required for group of senders. This selector
is located in selector position No. 29 on the frame which has the senders of
the group arranged in numerical order.

Two 100 terminal multiple banks are required for the sender se-
lectors. These banks are the same as the corresponding banks used on the
subsoeribers' link freme. If so specified, the sender miltiple banks can be
furnished with a 30-30 or a 40-20 split.

The sender cables for the first sender group are terminated to the
outer end of the mmltiple banks on the first link freme. Where s second
sender group is required, the cables are terminated near the middle of the
multiple. This permits raarrange;lmt of the sender grouping with minimum
recabling.

The senders are multipled between the frames by mesns of & heand-
made local cable. As on the subseribers' link frame, the lower 80 terminals
of the sender selector banks are multipled with a latin square slip, and the
top 20 terminsls with a rotating slip. Eilghty per cent of the senders are
always connected to the lower portion of the bank end the remaining senders
to the upper portion.

Two 60 terminal trunk finder banks are located above the sender
selector commtators. These banks, which are split in the middle and have
a reversal in each half, are similar in design to a 28-28 line finder bank,
Each half of a bank accommodates 60 trunks or a total of 240 per frams.

Trip megnets are provided to selsct the proper bank,

The incoming selectors are ocabled directly to the trunk finder
bank, In order to egualize hunting time and to insure any group of trunks
being equally represented in both the A and B subgroups, the oid numbered
selectors of an incoming frame are cabled to the lower 30 terminals of each
bank and the even numbered selectors to the upper 30 terminals. Since there
is a reversal in each half of the trunk finder bank, the even numbered se-
lectors have first choice to the A subgroup of links and the odd numbered

selectors have first choice to the B subgroup of links. The group and sub-
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group numbers are always assigned left to right facing the front of the frame.

The position selector, which is a 206-type selector, is located on
a removable unit above the relays and seyuence switches. The bunks of the
14 position selectors on the same side of a link frame are multipled together
without slip and wired to a terminal strip mounted on the unit. The terminal
strips on the front and rear sides of the link frames are then mltipled to-
gether by means of switchboard cable with a latin square slip between frames,
s0 &8 to form a continuous mltiple.

The cables from the switchboard positions are terminated on termi-
nal strips lucated at the end of one or more lineups of link fremes. From
this point, switchboard cable 1s used toc connect to the nearest position
selector terminal strip described above. Where more than 20 posltions are
required, grading is resorted. In such cases, the individusl posltions are
cabled Trom the grouping terminal strips to those position selector terminal
strips where the subgrouping occcurs and there connected to the proper termi-
nals, The multiple cable leads between the frames are, of course, not con-
nected for these positions.

The drive used on this frame has different roll speeds from those
used on selector Trames, and therefore, 1s not adapted to be connected to
motors through the incoming frame drives.

It is considered stsndard to furnish a minimum of two frames each
equipped with one link group for any installation. This requirement insures
service to the subscriber should it be necessary to remove a frame tempora-
rily because of drive or bank faillure. Unless otherwise specified, the two
trunk finder banks and all of the position finder banks on a frame are always
furnished. The start and trip circuits are equipped s required. The frame
is always completely wired for the two link groups.

Sender Circuit

The "B" senders are designed with no sequence switch or other power
drive apparatus, all switching being sccomplished by means of relays. This
allows the sender to be mounted without regard to the possibilities of motor
or drive failure.
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The seizure of a sender was described above. The operation of
registering the number in the sender is essentially as follows: See Fig. 7.

After the sender is made busy by the link, a ground from the link
gircuit is placed on the "SC" lead which coperates the off-normsl "ON" relay
in the sender. This relay remains operated until the sender is released,

The cperation of the "ON" relay removes the 270-ohm battery from the hunt
"H" terminal and places the off-normal ground on the sender circuit.

When the link outs the "K1"™, "K2" and "K3" leads through to the
sender, & battery from the position cirocult 1is connected to the "FT"™ and
"FR" leads to operate the "K1", "K2" and "K3" relays in series with the
"J4" and "ULl"® register relays. The operation of the "K1" and "KE2" relsys
together causes the "RR"™ relay to operate, whose function 1t is to ope rate
all the register transfer relays, thus preparing tne sender for registration.
The register traensfer relays lock to the off-normal ground. The ™0J4"™ and
"O1" register releys release when the "RR" relay operates.

The position circult then removes the battery from the "FT" and
"FR" leads releasing the "K1", "E2" and "RR™ relays. At this point an indi-
cation is given the "B"™ operator that the sendsr 1s attached and ready for
registration.

The "B" cperator on depressing the numerical keys connects either
high or low resistence battery to leads "K1", "K2" or "K3". This is carried
through the link circuit to the "FT", "FR"™ or "K" leads of the sender re-
spectively. The "FT" lead is traced through the winding of the "K1" and "K3"
relays, through the make contacts of the register transfer relays to the
"TH4" and "THL" register releys to ground. The "FR" lead in a like manner
is traced to the "TH4" and "THL" relays except that 1t passes through the
"K2" relay instead of the "K1" relay. The "K" lead, however, is traced
through the "K3" relay and thence through the contacts of the register trans-
fer relays to the "TH3" register relay. The "K1", "K2" and "K3" relsays oper=-
ate on either high or low resistance battery while the register relays cperate
in accordance with the table shown on the drawing. The operation of the "K1"

relay has no function to perform. However, each tims the "K2" relay operates
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ground throuzh a back contact of the "RR" relay and make contacts of the
reglster transfer relays operate the "TH2" register relay. The "EK3" relay
operates upon the depressicn of a key to shunt down the "TRA™ transfer re-
lay, and releases when the key comes up, to drop the "TR1" transfer relay
which switches the pulsing leads to the next set of register relays.

When the last digit is registered the sender signals the link

which proceeds to release the position circuilt at once. Fundamental se-
lections do not differ materially from former "B™ senders except that relays
are used for switohing instead of a sequence switch.

Sender Reset

Should the "B" operator depress the reset key, battery is connect-
ed from the position to the "FT" and "FR" leads to operate the "EK1" and "K2"
relays as shown in Fig. 7. The operation of these relsys operates the "HR"
relsy which removes the off-normal ground from the register relays allowing
them to restore to normal, and reoperates all the reglster transfer relays
that may be released. The operator is then informed by the sender lamp
that the sender is again ready for registrations.

Sender Frame

The "B" switechboard senders, as pointed out in Section 2.53 do
not require any power driven apparatus. The frame is & single bay structure
2t 6-5/8" in length and arranged to mount five sender units. Each unit ac-
commodates two senders.

The senders are normally furnished in units of two although a unit
equipped with but one sender cen be furnished if so specified. It should
be noted, however, that delng this involved installing the relays of the
second sender in the fleld at the time the additional sender is required.

Call Distributing "B"™ Switchboard Selectors

Thezse 1nnuﬁing selectors are also arranged to return the overflow
slgnal to the originating operator instead of the "B"™ switchboard operator
2s in the past when the selector encounters an overflow condition on trunk
hunting, or when the selector is sent to telltale.

The call distributing "B" switchboard incoming selector circuits
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for operation from manual local, and manual tandem offices, have been de-
signed for conversion to operation from a panel cffice, mounting the wvarious
types of incoming selectors.
Universal local cebles are furnished to permit the following con-
versions %o be made.
1. Msnual local to panel local.
2, Manual local to panel tandem (See Note 1).
3. Key indiecator local to panel local.
4. Key indicator local to panel tandem (See Notes 1 and 2).
5. Manual tandem to penel tandem (See Note 1).
6. Panel local to panel tandem (See Notes 1 and 2].

Note 1: any of the tandem cirocuits may be converted from 24 to 48 volts
talking battery.

Note 2: For four-party semi-selective offices, the panel tandem circuits
are mounted on 9' 6-5/8" frames, whereas the K.I. local and
penel local circuits require only a 9' 1-5/8"frame.

As mentioned previously in this chapter, each link group serving

120 incoming selectors is divided into 4 and B subgroups of 60 selectors,

Thirty of the selectors in the A subgroup together with a similar number of

ths B subgroup are terminated on each bank. The start leads for these 30

trunks are agein subdivided end carried through cutoff jacks, so that each

Jack controls the start lead for 10 trunks. Likewise, at the incoming

frames, the B0 selectors on a frame are divided into six groups, each con-

taining 10 consecutive selectors on a side. It is necessary to keep this
arrangement in mind when assigning selectors to the link frames in order
that the stert and hunt leads in the selector cisrcults will be connected

to the assoclated link group. For cases where it is necessary to assign

less than 120 selectors to & link group, the remaining selectors of a group

of 10 if any should not be used for "B" switohboardgeration. For example,
should 115 selectors per link group be sufficient, 1l complete incoming
groups of 10 selectors each plus one partial incoming group of 5 selectors
would be required. The five selectors remaining in the last group would
either not be equipped or would be arranged for other than "B" switchboard

operation.
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Reorder and Permanent Signal Trunks

In cese the "E" operator fails to remember the number passed by
the originating operator or in case no number is passed, the operator will
play up the reorder number. This will route the incoming trunk to a group
of final terminals on which are the reorder and permanent signal trunks,
Buch of these trunks is srranged to give a reorder signael to the originat-
ing operator. 4An alarm is given after an intervel from 15 to 30 seconds,
in case the originating operator fails to disconnect or in case of a
permanent sigmal.

Coin Control Circult

Coin control equipment 1s provided for call distributing "B" in-
coming selectors from longs distance. The collect and refund keys of this
¢ireuilt are mounted on the face equipment of the D.S. "A"™ switchbosard. The
long distance operator is provided with a call circuit to the D.S. "A"

oparator so that she may order the operation of these keys as required.

10z-R

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



TTLNK

MANUAL
OFFICE

downlda

FRONVE

SCHEMATIC ARRANGEMENT
CALL DISTRIBUTING "B" SWITCHBOARD

FIG. |

5 [ I =]
"B PosITiON | o °
CHT. 6o
oo

OF

HEY SET

COURSE A-I32

CHAP XYI-A
FIG., |
S0
BANMS
— 1 SUB SET
S~100PT.
BANKS
s
= SEL FCTOR CHT
= 2-100F7.
BANHS
INCOMING = =5 "B SENDER
—\SELECTOR CHT. = CHT,
2-G0 P =
BANKS _
= -
—_—
= ' - PANEL TYPE SEL.
TRIPESTRRI| | LINK
CHTS. oM
LINKCS 206 77

aded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



COURSE A-32
CHAP. XVI-A
FIG.2
CALES FEAITING FliEoT
(GREEN JEWELED)
C/ SUFPEFVISOR'S SE£C. PILOT
(WHITE)
SUPEIRVISOR'S DIVISION FILOT
Q O (GREEN)
SUPERVISOR'S DIVISION BILOT
TORP OF SECTION (RED)
SENDER LAMP  (WHITE])
SENDER KESET KEV

05, PISC. KEY
—— LINK LAME (GREEN)

BULLETIN HOLDER POS. NUMBER PLATE — SUPERVISOR'S PILOT KEY BULLETIN HOLDER POS. NUMBER PLATE
:\ ; / NUMIBER FPUATES /

[~

\) é é NUMBER FLATES
\\8 O/ O- POS. DISC. KEY
O\O= LINK LAMP (GREEN)
SENDER LAMP (WHITE)
% 8 - SENDER RESET KEY
© | @
S o 3
©@ @ @ ©
NEY SHELF
—— SUPKS KEYS —— NUMBER FLATES
U m y, &8, \ |O—O—QJC:: / - SUPERVISOR'S AND
Q O\ OPFERATOR'S TEL. JACKS
& LOCK RAIL
—— OFPFRATORS TELEFHONE JACKS TROUBLE DESK KEY PANEL SYS'!:E“M
PR A CALL DISTRIBUTING "B" SWITCHBOARD

ARRANGEMENT OF KEYSHELF EQUIPMENT
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connféétfons Museum, Seattle, WA




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



COURSE A 132
CHAPXNT A
FIG. 3

FRONT VIEW OF CALL DISTRIBUTING 'B”
SWITCHBOARD AND CABLE TURNING SECTION
FIG. 3

downloided from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



do

\/

5"
SENEERT

INCONING FiAAL
SELECTOR SELECTOR
[ 3
[ 3
3
INCOVUNG TRUNKS FRaV) 47 MANLRE !
TANDENT AND TOL! BORRDS.
I TO OTHER TRUNKS AND
INCONMING  SELECTORS
MK TIFLE REVERSALS _ FRUNK FINDER — SENOER SELECTOR SANKS
MUATIALE SPL rr_l,__‘ . BANKS (/00 SENOER CARRCITY)
i1 P i 99
~ |~ o __\}/_.._ - _I- e .I-__._
4 A
/).\\ L Ly BANK | |
60 W ) i o [ i
J9 e o
N g i s o 1 ) T ]— TTT T
/T ==y F : S - I . 2
& 9 ] a i f
y
GO 40 TROWNKS — rd 'f/ /
CROUP & 120 TRUVKS / l' soageooe) |/
- A
t] STRET AND TP
CARELITS
| ———SUBCRAUE ¢ e caeReiTY )
| g

LINK FIRAMES
(8 LINK CAPREITY)

| POSITIONY SELECTORS

ANV

SENDER ANG
POSI TN
TEST CIPCLNT

POasiron

SELECTOR
-

oTary - ONZAVAVALA

(P Pasitiand CARACITY ) —

8 OFERATORS POSITIONS

PANEL SYSTEM
CALL DISTRIBUTING B SWITCHBOARD
SCHEMATIC ARRANGEMENT
FIG. 4

COURSE Al32
CHAP. XVT A
FIG. 4




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



COURSE A 132

CHAR XVYT A
n 7 : . N . . i i 0 _"ﬂ__ FIG. 5
. = | 14, 06 TYEE SELECTORS

=
| i

| M PE TYFPE BANKS
TS FER ED-2008-0),
£i6 6

]| f ~WES FER D9/273)
|
|

e e IS PER ED-20/08-0),

W E3AT OES ARDT | - G T
| — TRUME FINDERS
! ~ g — LR P =
' : — 1. TS PER ED-20/08 01
| 12108 COMLTATERS =T Fi6 8-F :
1%, 8-8 BEARINGS —+—+] i
i
. I r
| 1
[ || aesa Banks —
1
v EREE] Tt i RE
2 5 % B 3 L EQUIFAENT
12,44 BEARING! e — : ﬂ:é'.l I B ey
£ M-C RODS = T = | I Fl6 5-F
S 1A RODS — H— ]\. | / | B — :
] et —
| 4. A MAONETS —t ﬂ ) ! | TLS - | s66-5 INT FER
| 4.42-8 FOOS | E ------ BT il 1t = = | 5| Eoconos-onria3F
- METS | ree-m NT FPER
| | #./-8 MAGNETS f =~ SSEL -, IR SEL = £ * — t fg'ﬁ.mﬁ?ﬂ. 6 3F
: | 144 BEARINGS / .-:..-T] rﬁiﬂ'-\ L I P Fy 1l b
‘5 - -
S | 14, f013-4 RODS —-1—1 I Ll ' [ = rjl SR B
S ! . Vi i,
i —1 [ [
15, 348 COMATLTATORS -isl_t:" s — i
1
29.3-5 BERRINGS . ' = H
. L W oW - 1
2463-6 065 SRS | 2 5 = i
WITH E336 DES CARD _@E L /
LIE-8 Bk —4 y — 7
%1
st - — :: = g
[ ] .;fi § [ ]
29 3-A BEARWGS — -1 T L — .
2 6IADES STRIPS F ? i
Wi TH EJORCARDS ) 13 | T
4, 46 BANK "'W: j
/5, 1009 -t RODS — S_— Ié”ﬂ= = *
L = MEK FPANEL PER
8, T8 CLUTCHES ANG — ED-ZO0F-0), FIG &-F
-
5'C RAckS OR ]_ 14 3t maaiRl o Wi FUSE PANEL PER
45-8 AFP BLANKS oy LO20008-08 FIG 1-F
rarnagremesmwo) | | |[|LLLL UL | Y 5
?—Efdﬂx&m T =Tt ¥ i | LI i} By
45-8 APF BLANKS — gy ——T g __j MATOR
L 25
{958 AFF BLANK ! ! 2 Nk eEr T
I By
| - B
| N T _ i . N
——— %54 4 33§ —— —l—» —2ts54 — -
&z3
FRONT VIEW

FEAR VIEW SAME EXCEPT MUMIBERED 2 TO /4 INSTEAD OF 1T0 /3

EQUIPMENT FOR
CALL DISTRIBUTING "B" LINK FRAME
FIG. 5

download




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



REAR OF FRAME FRONT OF FRAME als F
A === A
/ I B i ~S
A|8 F ' A|8 F 4|8 F ! A8 F
| '
23/s- 23 /9 z;}fsﬁ
! - niis ni/is TES(T
[y - —
sl 2/9-11/18 2/a-11/18 : Z/9-11/is
54 SA| 54 S5A 54 54
] | 1
3-9-
‘E‘ 18 3'5"2"1‘6 3_5_,3_,3 3.—5..;2.[&
e e a— m il =
98 18/7~ | | 5-i8 18/7- I 8/7
3/16 9/16 3/16
AS AS AS AS
iy S o S 34
9-18 ' : :
>-18 |9-! .
_:: -—-]d A 3-18 SI'IB A ' A 9-18 |9-18 A A 5""5h .?.-I&
= |e/s-12/18- > | i ol 15
@ /17 2/8- | 2/6- 2/8-u/17 | 2/8-11117 i 2/8- 1117 | 2/8-11/
| WAz &7 18117 L4
' |
FlG.A Fl6. B Fl6.C FlG. D
LAST LINK=-sSUBGROUP A INTERMEDIATE LINK INTERMEDIATE LINK FIRST LINK-SUBGROUP A
SUBeRoVR, 4 SvBaraUs A
- 'd - - -:‘:5 - —
AL -‘ r-"-'__"- —_—-—_—I—ll ————— A;
1 tJ | i
LINK SEQ. SW. POSITIONS : 1
1-10 AWTG. CALL b ___l4st
2/8-1/I7 CALL IN PROGRESS T
S-/8 AWTE. ALLOTMENT ; eSS e — =] -
FlG. F
MOTOR STOP TRANSFER CIRCUIT

PANEL SYSTEM
CALL DISTRIBUTING "B" SWITCHBOARD
SIMPLIFIED CIRCUIT SHOWING LINK ALLOTMENT ARRANGEMENT
FIG. &

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



el

POSITION SELECTOR

r

K

S

SENDERS
SELECTOR

(RECISTRATION POSITION)

-,[Hlllllir

down

alilak ANAAN

TRANEFER FELAYS

PANEL SYSTEM
CALL DISTRIBUTING "B" SWITCHBOARD

FIG.7

&aEP—_—1 ————— T————_——_——1
!
1 i (THE)
! ' Q55 s
| g
: I @uﬂ“r- ij:'- ‘?Igal- ‘Ilttl‘ll
r
! | o -1 il
: (7=p) { p— | (7H)
" l | E =+
("R ) ll 08 1e ! I:? E———
gy [t | “cen” 1 e
LT . | “"Iﬁ ol =L | s00 s | |
E08 p I — e O ¥ S -—tfdlll" L3
bl '——————é;][;_ o— [ C}j——*“————
2oo $5P | |
=% ¥
 ak ; L
! ! :
T- — —— — ——1——-4—---————L———_——_---———‘--—--I—I—
100 ]
L_1ﬁmu &
(rA”A) ! + T (R AND (H2)
— WHEN T
o S y-» 7o st
P 150 i PPy = 8 (42) p
— 4 iy =
- =l
| |
i (79) AND (T1)
: -
iLﬁﬁ—J (72)
= | bl & To
L /50 es ,
e U e — Ak
-___9__f
| T
|
| (r3)
! (7/2)
| 3 o (os) ANO ()
(7wec) |
A‘EJSﬂ J40" ?]'H'l_-.'.r — )
.__1:]::- 3/
- r,
REGCISTER

SIMPLIFIED CIRCUIT SHOWING METHOD OF REGISTRATION IN THE SENDER




downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132

CHAPTER XVII
PKEY INDICATOR™ AND "DIALING A" METHODS OF COMPLETING CALLS FROM

MANUAL OFFICE T0 FANEL OFTICE

Eey-Indicator Method

Where a Menual office is to remain in service for a number of years
and an appreciable percentage of the originating traffic at the "AM position is
trunked to Panel offices, key-indicator equipment may be used in the Manusl of-
fice, instead of providing Panel System cordless "B"™ switchboards in the Panel
offices, as a means for completing Manual to Panel calls,

The equipment involved in completing a call from a Manual to a Panel
office by the key-indicator method is shown in Figure 1, The "A" operator at
the Manusl office answers a subscriber in the usual way, but instead of passing
the call to a trunk operator, she completes it herself without the aid of any
other operator. BEBach "A"™ position keyshelf is equipped with numerical keys and
the penel in front of her is equipped with a trumk indicator, consisting of a
set of lamps for displaying the number of the assigned trunk. The method of op-
eration is briefly that the "A"™ operator, having received the number from the
calling subscriber, depresses the office key corresponding to the oalled office.
This operation causes the allotter cireuit to selest an idle link ciroult, which
in turn connects the numeriocal keys at the operator's position with a sender,
and with an idle trunk to the ocalled orficq. Immediately upon depressing the
office key, the "No Trunk"™ signal, located in the left end of the trunk indica-
tor, will light, and as soon as the link circult has picked out an idle trunk,
this signal will be extinguished and the number of the trunk will be displayed
on the trunk indiecator, If no trunk is available, the "No Trunk"™ signal will
remain lighted, elther until the link is released or until a trunk becomes
available. A sender lamp, which is located in the panel immedimtely in the rear
of the numerical keys, will also light when the office key 1s depressed and will
remain lighted until an idle sender has been selected, Immediately after the
sender lamp has been extinguished the operator depresses the mumerical keys
corresponding to the thousands, hundreds, tens and units digits of the number
palled. The keys must be depressed in the sequence given above, but may be op-
gerated a: 1apldly as possible, so long as only one key is depressed at a time,
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The called number is thus registered in the sender oircuit. The operator then
inserts the plug of the calling cord into a multiple jack of the assigned trunk,
the number of whieh has, until this time, been displayed on the trunk indicator.
This retires the trunk number displayed, and releases the operator's position
from the comnection. The trunk connects to & key indicator incoming selsotor
cireuit in the Panel office and the key indioator sender in the Manual office
pontrols incoming and final selections. When the commneotion is established the
sender returns to pnormel. Incoming selectors from key indicator offices are
similar to incomings from Penel offices except that they are arranged for manusl
(high-low) supervision instead of for "reverse battery"™ supervision, and are ar-
ranged to flash the oalling cord supervisory lamp in the Manual office on over-
flow or tell-tale condition. In case the called line is not available, due to
its being busy, out of order, etc., the call is handled the seme as a call from
e Panel to a Panel station,

When key-indiecator equipment is provided, the connections between the
subsoriber's answering jacks and the outgoing trunk jacks are set up by means of
regular subscribers' cord eircuits. The function of the key-indicator equipment
is merely to establish the connection in the Panel office and consequently no
changes are required in the present position equipment. It is necessary, how-
ever, to add the following apparatus in each position:

4 trunk indicator

A numeriocal key-set

A sender lamp

1l - office key for each full mechanical office

The trunk indicator is located in the answering jack space in the
switchboard, end 1s wired to the position relay equipment, located on the key inp-
dicator framne, by means ol switchboard cable. The numericel key-set and sender
lamp are wired to terminals located in the rear of esach position. The wiring of
the regular call oiroult keys is used for the office keys, The numerical key-sef
sender lamp and office key wiring is extended to the relay equipment on a key-
indicator frame by means of switchboerd cable.

There 1s one position circuit for each "A" position equipped for key

indicator operation, the apparatus for ten position cirouits being mounted on ome
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"position relay frame”. There is at least one allotter oircuit, ome group of
link ciroulits, and one group of trunks for each panel office to whiech it is
necessary to complete calls., Each allotter cirouit serves & maximum of 100 po-
sitions and oan allot one out of a maximum of 21 link circuits. When the office
key 1s depressed at any one of these positions, one of the idle link circuits is
allotted by the allotter circuit. The apparatus for either 2, 4, or & allotter
eircuits is mounted on each "allotter and miscellaneous frames™, one ellotter
circult consisting of a regular end an emergency allotter. Outgoing trunk re-
lays are also mounted on this frame, 4n sllotter has a starting circuit for
every twenty positions of "A" boerd, only one of which cen be in use &t one
time. Each link circuit can select any one of & maximum of 160 trunks in =a
group,; select any one of & maximum of 21 senders, Tind the position at which the
office key has been depressed, and connect the selected sender to the numerical
keys at this position and to the selected trunk. The link circuit is composed
of a number of releys and three or more 200 type selectors; one 200 type selec-
tor is used as a sender selector, one is used as a position finder for each
group of 20 positions, and one is used as e trunk finder for each sub-group of
20 trunks there being one additional 200 type selector when there is more than
20 trunks to distribute the calls over the various sub-groups. The apparatus for
ten link cirouits is mounted on & link frame together with a set of battery and
position jacks. A sender circuilt consists essentislly of register relays, count
ing relays and fundamental circuit releays, the apparatus for ten senders being

mounted on each sender frame,
The economy secured through the use of the key-indiecator method is due

to the elimination of cordless "B" operators and equipment at Panel offices.
There is alsc & saving in operating expense due to the speed with which calls can
be handled under this arrengement and the chances for error or less than those
which exist when numbers are "passed" between two operators. The disadvantage
lies in the faot that existing Manual offices must be equipped with a rather
large amount of apparatus, entailing a considerable emount of labor and incon-
venience during installation. This equipment consists prineipally of relays and
200 type selectors and does not include any power driven apparatus. Key indica-

tor apparatus is also used at Manual Toll boards for oconnecting Pansl subserib-

ere' lines with a toll line on both incoming and outgoing toll ealls
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"A" Positions in Manual Offices equipped with Dials.

When, in an area having both Panel end Menual offices, it is uneconomi-
cal to provide key indicator egquipment in the Manual offices, and when the
traffic 1s not sufficient to warrant the instellation of & cordlsss "B" board in
the Fanel office, the "A"™ positions in the Manual offices are equipped with dials
and dial keys. The "A" operator answers & call in the ususl way end having re-
ceived the subscriber's order tests the sleeve of the outgoing trunk jecks and
inserts the plug of the calling cord in a jack associated with an idle trunk to
the panel office desired. Operation of the dial key which is associated with
this ocord connects the diasl to the selected trunk, The trunk terminates on a
dialing inecoming selector in the Panel office and as soon as the calling cord
plug has been inserted in the outgoing trunk jack the incoming selector cirouit
selects and connects 1itself to an idle "incoming trunk sender™ cireuit. Opera-
tion of the dial registers the called number in this sender. Incoming and final
selections are then controlled by the sender according to setting of the regis-
ters, the sender being released as soon as selections have been completed. This
method is low in first cost and involves the addition of only a small amount of
equipment in the Manual offices; but 1t has the disadvantege that the additional
time required by the "A" operator, in dialing the called number, decreases the
number of calls which each operator can handle in the busy hour to such an extent

that additional positions and operators may be required.
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"OFERATOR CLASS" CALLS

In addition to mechanieal elass and RCI class calls the subseribers
in panel offices also make "Long Distance" calls, "Suburban" toll calls, calls
to "Information" operator, calls to "Repalr Clerk", and ealls to the lelephone
Company's commercial department, all of which come under the general heading
"Operator Clasa" ealls. Other operator class calls which are completed by the
sender inelude "Restricted Zone" class calls on whieh the subseriber diasls the
office code and number instead of dimling 0, and calls which the sender routes
to & "Sender Monitor" operator on acoount of incomplete dialing.

Long Distance Calls

In making a call which is completed through a "long distance” toll
board the calling subseriber dials 211. Only the firat two digits are neces-
sary in a 2 digit area but for traffic reasons it is desirable to use the same
code in both 2 and 3 digit aress. The operation of the panel equipment is the
same as on & mechanical e¢less call up to the point where a distriet or office
selector has selected an idle recording trunk which terminates in an answering
jack at the recording board, with the following exceptions: The elass switch
in the sender is set in the "operator" class position and the register control
switeh RC i3 advanced to terminal 9 as soon as the elass switeh has been set
[since dialing has been completed). After making "trunk test"™ the sender
advances to the talking selection position passing by the inecoming and final
selection positions. Talking selection is completsd, the distriet being
advanced to the proper talking position, after which the sender returns to
normal. A ringing tone is trensmitted to the ealling subseriber after talking
selection has been completed until the recording operator answers., The call
is answered and a ticket is made out by the recording operator in the usual
WaY .

In certain cases it is necessary that the recording coperator know
the cless of line from which the call is being made, and, for this purpose,
three groups of recording trunks are generally provided from the machine
switching offices to the recording operator. One group is used only on calls
from multi-slot prepayment coin box lines (it being necessary that the record-

ing operator note on the ticket that a coin box switching trunk is required
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by the outward toll operator in completing the cell); a second group of trunks
is provided for calls from "refused toll" lines; and a third group is provided
for calls from all other classes of lines. The switching trunks over which
the "outward" operators at the toll board complete the connection to the call-
ing subseriber terminate on multiple jacks at the toll board and terminate
either as cordless "B" incoming or key indiecator incoming eirecuits in the
panel office, depending upon which of the two methods is provided for complet-
ing these calls. These incoming circuits differ from those used on calls from
local Manual offices only in respect to control of ringing. Incoming and
final selections heving been completed the incoming waits for cperation of a
ringing key, associatea with the toll cord in the toll office, before ringing
is started; and since the talking connection is established without advancing
the incoming switech, the toll operator can again start ringing, if necessary,
by reoperating the toll cord ringing key. Xey indicator or cordless "B" in-
coming trunks are also used by the operators at "inward" positions of the toll
board for completing calls, incoming over toll lines to subseribers in Panel
offices. The trumk cirecuit and panel selector circuits, which are used on a
call, are released when the toll operator disconnects.

Suburban Toll Calls

On toll calls other than those completed thru a long distance toll
board, the subseriber in a panel office dials "0", Translation is made ms
soon as the "A" register in the sender has been advanced to terminal 0, and
the trunk selected terminates at a special service position of the Panel system
"A" switehboard. The operator at this position answers the eall with a cord
which is either a manual double-ended cord or a semi-mechanical single-ended
cord, depending upon the type of "A" board which has been provided. When
the position is equipped with manual double-ended cords, the call may be
completed to Manual offices or Manual Tendem offices by the use of elther
eall eireult or straightforward trunks. Calls to offices of all types are com-
pleted by inserting the plug of the calling cord in & Jack which connects to
& Aialing distriet selector, the celled number being dialed by the "A" operator
and the connection completed as controlled by a regular subscriber's senier,

when completed the connection is under control of the operator and the calllng
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subseriver, 1t being necessary for both to release the comnection before the
district selector returns to normel. When the position is equipped with the
semi-mechanical single-ended type of tord, the called number is recorded in an
"A" coperator's sender cireuit by the depression of the numeriecal recording keys.
located on the keyshelf, which correspond to the called number. The cord is
part of a"semi-mechanical cord and district selector cireuit™ and the call is
completed as controlled by the operator's sender. The equipment and the
cperations invelved in completing a call at a special serviee position of the
"A" board is considered in greater detail in the next chapter.

Sinee the method of handling a cell at a special service position
of the MS "A" board depends upon the class of line from which the call origi-
nates, 1t is necessary to provide separate groups of specisl service or "zero
operator's" trunks for handling originating calls from those classes of lines
involving different operating practices. One group of trunks is provided for
flat rate or messsce rate lines entitled to unrestricted service within the
maximum loeal arsa; a group 1s provided for flat rate and message rate lines
entitled to service within s restricted local area (for every restricted local
area there is a separate group of trunks); a group is provided for flat rate
end message rate lines which are "refused-toll" service (if restricted loecal
area service is rendered ma group of refused-toll trunks is provided for the
maximum local area, and an additional group is provided for esach restricted
loesl erea); & group is provided for single slot coin box lines; a group is
provided for single slot coin box refused-toll lines; and & group is provided
for multi-slot coin box lines. In any one office 1t is not necessary to
provide all of these groups of trunks because one office will not render
service to all of these classes of lines.
Restricted Zone Class Calls

When & subscriber dials an office code and number which involves
an eéxtra charge the sender class switeh is set in the "Restricted zone" class
foaitiun and the eall is routed to & special service (or AB) toll position
¢f the Fanel System "A" switchboard over a trunk in the same group as it would
have been routed if the subscriber had dialed "0O"., The only difference between
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the two calls is that the sender mekes sure that dialing has been completed

before it permits “trunk test" to be made on a restricted zore class call so
that the dialing of the numerical digits will not bresk down the connection

after the trunk has been selected.

Calls to Other 3 Digit Opermators

When a Penel subseriber wishes to make a cell and cannot find the
name and number in the directory, the code 411 is dimled causing the calling
gubseriber's line to be connected to a trunk whiech terminates at an "Informa-
tion" operator's position which is usually located at a centralized information
desk, serving all offices in the area. When a subscriber wishes to report a
telephone out-of-order, the code 611 is dialed causing the calling subscriber's
line to be connected to a trunk which terminates st a "Repeir clerk's position
which is located at a centralized "Repair eclerk's desk" serving all ‘the
offices in the area, When the subscriber wishes to talk to someone in the
Telephone Compaeny's business office, the code Bll is dialed causing the calling
subseribers lines to be conneoted to a trunk which terminates at & F.B.X.
serving the commercial department. 0On each of these three kKinds of calls the
operations involved, in selecting an idle trunk to the proper designation, are
the same as those on a call to "Long Distance™ operator.

Calls Routed to Sender Monitor Operator

When a subscriber's line has been conneected to a sender cireuit and
& "permanent signal"™ or "partial d4ial" condition results, the ecall is routed
over a "permanent signal”™ trunk to a "sender monitor operator's" position as
desoribed in Chapter XIV. Sender monitoring eguipment is located either at the
Panel System "A" switchboard or at = "Trouble Desk", both of which are con-

sidered in subsequent chapters.
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FPANEL SYSTEM "A"™ SWITCHBOARD

PURFOSE

The services of an operator are required for handling certain classes
of traffic in a Panel Office and to care for this traffic a "Panel System "A"
Switchboard™ is provided. The positions of this board may be classified accord-
ing to the service rendered as intercepting, special service, subscribers!'
line, and sender monitoring positiona The latter will be considered in =
following chapter.

TYPES
Fanel System "A" Switchboards may be of two general types. The one

employing manual dialing cords at the special service and subseribers positions
and the other employing semi-mechanical corda at these positions. It is
customary to refer to a Penel System "A" Switchboard as either a "Semi-Mechanied
"A" Board" or a "Manual Dialing "A" Board" depending upon the type of cord
equipment employed at the special service and subscribers positions. The posi-
tions of semi-mechanical "A" boards are all inelined slightly toward the
operator to facilitate the operation of the keys at these positions which are
equipped with semi-mechanical cord circuits. With this exception the positions
of both manual dialing and semi-mechanical "A" boards are of the same general
type as the "A" positions of a2 standard #1 board.
FOSITICKS

Intercepting positions are provided for intercepting calls to unused
eodes, to unequipped groups of 500 lines for which there is no group of trunks
from the incoming frames, to all classes of non-working lines, and to stationms
to which service is being intercepted on account of directory errors, temporary
disconnections, non-payment of bills, or change of number. It is very
essential that means be provided for bringing ecalls for unused codes or for
ron-working terminals to the attention of an operator; in either case & mistake
hes been made in disling or the equipment has failed to operate properly. When

an unused code 1s dialed the calling subsecriber's line is connected by &
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distriect or office selector to a trunk which terminates on an answering jack
at one of the intercepting positions. In zases where the office 1s not fully
equipped with 10,000 lines non-working terminals appear as blank lines on the
final frames or as unequipped choices on the incoming frames. The blank final
lines are cross-connected at the IUF to answering Jjacks at an intercepting
position, a large number of these lines (usually 100) being connected to one
Jeek., Unpequipped choices on the incoming frames are multipled together and
regular slip multiple cable iz installed between each choice on a&ll of the
frames. A switchboard cable is then run from as many sets of terminsls as are
required on the top cholece to the IDF end is there cross-connected to answerling
Jacks in the "A" switchboard. When incoming service to a particular line
number is to be intercepted on account of directory error, change of number,

or temporary disconnection an answering Jjack at one of the intercepting posi-
tions is cross-connected at the IDF to the multiple terminals of this number

on the final frames, Where outward service is denied on account of non-payment
of bill the subsceriber's line is cross-connected at the IDF to an answering
Jack at an intercepting position instead of to the line finder so that a eall
from this line will be answered by an intercepting operator. Calls incoming
to this line are still completed thru the final multiple., (See Fig. 1, Chapter
4.

Speclal serviece positions are provided for handling "AB" toll and
"two-number" toll calls, information or assistance calls, complaint calls,
subscribers reports of "ecut-offs™, and request from subseribers for verifica-
tion of "don't answer™ or "busy" reports. The operators at these positions
are reached by dialing zero in which case the trunk is selected by a district
or an office selector which terminates on an answering Jack at a special service
position. Similer trunks are used to complete extra charge or toll cells when
the calling subseriber dials the office code and number instead of dialing "Q",

At a manual dialing type "A"™ board the incoming calls are answered
by inserting the plug of the answering cord in the answering Jack; calls to
roints reached through the subscriber's distriect multiple may be completed by

inserting the calling cord in one of the Jacks which connect to an "A" position
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"Dialing Districet Selector" ocirecuits; calls to manual or manual tandem offices
may be completed over call circult, straightforward, or ringdown trunks, which
connect to Jaeks in the outgoling trunk multiple; and ecalls to subscribers inm
the same office may be completed over ecall eireuilt or straightforward trunks
to the Cordless "B" board, or over trunks to "Disling Incoming Selector"
circults,

At a2 semi-mechanical type "A"™ board the lncoming calls are answered
by the use of single ended cords which are part of a "Semi-Mechanical Cord and
District Selector” ceirecuit; the called numbers are recorded in "A" sender
eireults by the operation of recording keys which are mounted in the keyshelf
of sach position and the connections are completed under control of the "A"
senders.

Subseribers' line positions may be provided for handling coln box
lines and message rate perty lines when the number of such lines 1is not
suffieient to warrant handling them on & full mechanieal basis. These posi-
tions are from an equipment viewpoint special service positions. It may be
desirable to terminate the coin lines at one group of subseribers positions
and to terminate the message rate party limes at another group of subscribers
positions.

In all offices both intercepting end special service positions will
be furnished at the Fanel System "A" switchboard but subseribers line posi-
tions will not always be required. It Is desirable to equip adjacent positions
handling different classes of traffic with both kinds of cord equipment so
that the operators at both positions can handle traffic of elither elass. In
general positions arranged for "teamwork" operation are placed between inter-
ecepting and special service positions. The relative arrangement of the
various olasses of positions in the line-up of an "A"™ board is largely de-
pendent upon the relative rates of growth of the various classes, the slower
growing classes ordinarily being placed at the head of the board.

FACE EQUIFMENT
The assignment of face equipment at the "A" bhoard varles widely

according to the conditions of each installation but may be divided broadly
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intc the following classes which normally appear in the order given starting
at the top of the piling block:

l. Holding Jacks

2. Outgoing trunk multiple

3. Answering jack equipment

4, Checking multiple.

At each position having semi-mechanicel cords, holding Jjacks are
required in order to permit "split cord" operation. If & cord which has been
used to establish a connection is transferred to one of these Jacks, the con-
nection is held providing the operator is "listening-in"™ while transferring the
cord.

The outgoing trunk multiple of the Fanel System "A" switchboard is
installed on a six-panel basis and the outgoing trunks are multipled throughout
the entire board even though the complete multiple is not required at all
positions since the advantages of flexibility and uniformity out-weigh the
additional cost, Outgolng trunks are provided on both manual dieling and semi-
mechanieal type "A" boards to chief cperator's and assistant chief operator's
desks, to supervisors, to power driven frames, to sender make busy frames, to
routine test cirecuits, and to cordless "B" positions. Manual dialing type "A"
boards are alac provided with cell ecircuits or straightforward trunks to manual
and manual tandem offices, trunks to recording operator, trunks to "A" operators
distriet selectors, and trunks to dialing incomings. Semi-mechanical type "A"
boards are not equipped with trunks to "A" operators distriet selectors or to
dialing incomings, but the semi-mechenical cords are part of "semi-mechanical
cord and district selector" oireuits thru which the semi-mechanieal "A"
operator reaches all points to which it is necessary to complete calls.

The lines and trunks terminating in answering Jacks at the "A" board
include intercepting end verifying trunks, blank incoming lines, blank code
trunks from distriet and office frames, non-dial subscribers, trunks to
special service operatdrs from distriet and office multiples, supervisors lines,
desk lines, and lines from sender monitors positions.

A special type of multiple called "Checking multiple™ is provided
within the reach of the operators at special service positicons so that a cheeck
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can be made of the celling subseriber's number, on calls requiring the writing
of a ticket., The checking multiple consists of a series of lugs mounted inm
strips in the same order as the Jjacks of regular subscriber's multiple in the
manual system and these lugs are connected to the correspondingly numbered
subseribers line sleeve terminels. The checking multiple is arranged in groups
of 100 lines as shown on figure 4. In order to facilitate selection of any
particular lug the test strip is provided with white "spotting™ between esach
five lugs and 2 horizontal slot is ecut in the mounting in line with esech hori-
zontal row of lugs. Separate rows of 100 lines are separated by a groove filled
with white epnamel. The lugs are made of brass rods extending to the rear at
which point the connection is made with the sleeve of the line circuit. On a
eall to an "A-B" toll operator a checking tone 1s connected thru the sleeve of
the answering cord plug to the sleeve of the answering Jack., This tone is
then transmitted over the sleeve conductor of the trumk, thru the gleave

* terminal, sleeve brush, and sleeve conductor of the office and distriect selec=
tors, thru the transmission condenser in the distriet selector, thru the line
fipder multiple brush and sleeve terminal of the calling line, to the checking
multiple lugs. When the tip of & speclal check tone cord plug is placed in
contact with the checking multiple lug of this line, the check tone is con-
nected from the lug to the operator's telephone cireuit, thus telling the
operator thaet the number of the ealling line, as given by the calling sub=-
seriber, is the number of the line from which the call originated, This ebr-
euit is shown schematically in figure 5.

KEYSHELVES
The keyshelves used on Fanel System "A" switchboards may be celcssified

es "Semi-mechaniecal", "Manual Dialing", "Combipnation™, and "Intercepting". The
keyshelves at intercepting positions of the Manual dieling type and Semi-
mechanical type A boards differ somewhat, slthough the cords used in either
case are manual cords.

SEMI-MECHANICAL
A semi-mechanieal type keyshelf, shown in figure 1, has a capacity

of 20 semi-mechanieal cords, 3 "final terminal" cords, one supervisor's cord,
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one "busy-test™ cord, and a semi-mechanical key set. The last 2 semi-mechanical
¢cords may be wired and used as final terminal cords. The key set includes
routing, office code and numerical recording keys (including party designations
keys), and & start key; these keys are of the mechanically-locking, electrically
released type. In addition a rumber of miscellaneous keys are provided such as
the Master Listening Out key "LO", the Master Disconnect key "DISCY, the
Suparvisor's FPllot key "SR", the Bulletin key "BUL", and the Peg Count key "FEG"
these keys are of the non-locking plunger type. A Master Coin Return key
"RIN™ is provided when the semi-mechanical cords are equipped with "Coin Col-
leet™ keys. Four ring-back keys are furnished in four-party offices for use
when it is necessary to "ring back" the called subscriber. When "verifice-
tion request" calls are completed by means of cordless "B" equipment, special
trunks are provided between the "A"™ switchboard and the cordless "B" gwitch-
board. The "BUL"™ key is also & call cireuit key which connects the "A"™ board
operator with a "Bulletin Operator", who is provided with the latest records
a8 to "change of pumber” or similer information.

With each semi-mechanical cord are asscclated three supervisory
lamps (back,middle and front), a "Listening-in" key, a "Monitoring" ey, and
a ticket clip. These keys are of the non-loecking plunger type. A non-locking
coin collect key 1s also provided for each cord, when required. Seml-mechanic-
al cord circuits do not have the buasy-test feature, and a single-ended "busy
test" cord is provided for use when the cperator wishes to test ocutgeoing
trunk jacks. This cord is alsc used as the "check-tone" cord when "checking
mul tiple® is provided at the special service positions. The final terminal
cords are used in completing two-number toll ealls, and with final terminal
cord there is associated a supervisory lemp and e listening key. A super-
visor's cord is provided for use by the "A" board supervisors in answering a
oall, or in connecting the supervisors telephone set to an outgoing trunk
Jaek; there is a set of four ringing keys associsted with this cord. A
ticket-pad holder and ticket receptacle are provided on each semi-mechaniesal
keyshelf and space is aveilable for mounting a bulletin holder for holding
routing instruections. When position clocks are required, they are furnished

at alternate positions of the board.
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MANUAL DIALING
The manual dialing keyshelf shown in figure 2 has a capacity of 17

double~ended cords and 60 call circuit keys. Each pair of cords is provided with
a back and a front supervisory lamp, with non-locking coin collect end return
keys (when reguired), and with front and back lever-type keys for ringing, listen-
ing and flashing on the cords. The rear key unit also serves as a "dial key"
when coperated away from the operator. Usually from 10 to 14 pairs of ocords and
24 call circuit keys are provided. In additlion to the double ended cords from 2
to 5 single ended final terminals are provided and located in the front cord
space ol the last cord positions. One or two test cords may alsoc be provided
from the test desk at the last manual dialing position of the A board so that the
test man may test through the entire switchboard multiple when testing trunk or
subseriber's line conductors which terminate at the Panel System "A" switchboard.
When furnished these cords are located in the cord sockets of the first or last
regular cord positions the number plates being marked "T1"™ and "T2". A discon-
nect lamp is associated with each test cord.

The dial used in connection with manual di&liﬂé cords is similar to the
subseriber's dial except that it is a 20 pulse per second dial. It is mounted at
the right end of the keyshelfl on a semi-circular metel diel adapter by which 1t
is fastened to the keyshelf. PFrovision is made for a maximum of § strips of call
eireuit keys, 12 keys per strip; for a master call eircuit ringing key CCR (sel-
dom furnished), 4 master ring-back keys and 1 master ring-forward key which are
furnished in officesusing four-party full selective ringing. A ticket-pad holder
a ticket receptacle and a peg count key are always provided at each manual dial-
ing keyshelf, Positlion clocks are provided at alternate positions when reguired.

COLUBINATION

A combination manual and semi-mechanicel keyshelf shown in figure 3 has
a capacity of 7 manuml cords, 15 semi-mechanical cords, 1 busy test cord, and the
semi-mechanical key set. The manual cords are located at the left, the keyshelf
being split so that the menual portion can be raised independently of the semi-
mechanical portion, and vice versa. The manual cord and key equipment is similar
to that furnished on & manusl dialing keyshelf and the semi-mechenioal cord and

key equipment is similar to that furnished on & semi-mechanical keyshelf, exoept
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that call oirouit keys whioch are required for use with manual cords are mounted
on the left-band strip of routing keys in the semi-mechanical key set,
INTERCEPTING

A keyshelf for use at the intercepting position of a manual dialing "A"
board is similar to the manual disling keyshelf exoept that only 5 of the cord
olroulits are equipped, the space for the other equipment being filled with ap-
peratus blanks. A keyshelf for use at the intercepting position of a semi-
mechanical "A™ board shown in figure 3 is similar to the keyshelf of a manual
dialing type "A"™ board except that the supervisory lamps are located on the key
strips instead of being mounted in a lamp reill, and the general dimensions of the
position conform to those of the other positions of the semi-mechanical type "A"
board.

PANEL EQUIPMENT ASSOCIATED WITH PANEL SYSTEM "A" SWITCHBOARD - OPERATION

DIALING DISTRICTS

When a call is completed at a Panel system "A" switchboard by the use
of a manual dialing type cord, the plug of the calling cord i1s inserted in a jack
which connects to an "A"™ position "Dialing distriect selector eircuit.™ These
district selector circuits are mounted on fremes similar to the regular subscrib-
ers distriot frames as described in Chapter X, 4s soon ae the plug is inserted
a panel type sender-seleotor (which is a part of the diasling distrioct selector
eirouit, but which is mounted on & regular subscriber's panel-link frame) selects
and connects the district circuit to an idle subscriber's sender circuit. Oper-
ation of the dial key, associated with the cord used, oconneots the position disl
to this cord, The oalled office and mmmber are dialed and registered in the se-
lected subsoriber's sender; the sender controls the completion of the call just
as if it had been origlnated directly by a subscriber without the assistance of
an operators The commection is, however, under the joint control of the calling
subseriber and "A™ operator.

DIALING INCOMINGS

"pDialing incoming selectors™ may be provided for completing ealls to
subscribers in the same office. In this case the plug of the calling cord is in-
serted in an outgoing trunk jack which connects to a "dialing incoming selector"
circuit mounted on a regular incoming frame. As soon as the plug is inserted the
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incoming selector circuit selects and connects itself to an idle "ineoming-trunk
sender” circuit. Operation of the dial key and dial causes the called number to
be registered in the selscted incoming trunk sender; the sender controls incoming
and final selections, returning to normal as soon as the connection has been es-
teblished, Incoming trunk senders are mounted on a "Dialing Incoming Sender end
Sender-selector frame", which is of the type generally known as a single-sided
frame. The framework is divided into two bays; the right-hand bay is used for
mounting relays, resistances, 200-type selectors and a jack panel; the left-hand
bay 1s used for mounting terminal strips, relays, sequence switches, a fuse panel,
and a power drive., The frame has a capacity of 4 sender circuits and 9 sender-
selectors, The sender-selectors belong to the individual dialing incoming selec-
tor circuits and consists of 200-type seleotors, The sender circuits include
200-type selectors on which the dialed number is registered, together with the
counting relays, fundamental circuit, and miscellaneous relays which are necessaiy
in controlling incoming and final selections. The senders are used in common
with "Dialing Incoming Selector cirouits™ whioch are used to complete calls from
manual offices, when this method is used as described in a previous chapter.

SEMT-MECHANICAL CORD AND DISTRICT
The single-ended cords used at the specisl service positions of the

semi-mechanical type of Penel system "A" switchboard are a part of "Semi-mechani-
cal Cord end District Selector™ circuits which mount on special district frames.
These frames are of the double-sided type consisting of 5 bays. The center bay
is used for mounting the banks, friction roll drive, clutches, commutators, brush
rods, etec.; the 2 bays on either side of the center bay are used for mounting se-
quence switches; and the 2 end bays are used for mounting relays, repeating coils,
condensers, resistences, ete, The multiple on an "A"™ position District frame is
separate from the subscriber's district multiple, and is usually connected to
trunks outgoing to suburban points, to tandem offices, snd to two-number toll
boards. In order that the "A"™ operator may complete cells to destinations which
eppear on the subscriber's district or office multiple, & group of trunks from
the "A" position district multiple connect to "local tendem distriet selector cin
cuits™ which are mounted on & regular subseriber's districet frame., One "A™ op-

erator's district frame is furnished for every 3, 4, 5 or 6 positions of "A"
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board equipped with the semi-mechanical type of cord circuit, depending upon
whether the positions are equipped with 20, 15, 12 or 10 cords per position re-
spectively.
ALLOTTER, LINKS AND A SENDERS
The mechanical eguipment associated with a semi-mechanical "A"™ position

is mounted on & frame knmown as an "A"™ position "Sender end Link" frame, This is
& single-sided unit-type frame, with a capacity of either 4 senders and one posi-
tional unit, or 3 senders and 2 positional units., The framework is divided into
3 bays; the right-hand bay of each unit is used for mounting the relay equipment;
the center bay is used for mounting sequence switches; and the left-hand bay of
the positional unit is used for mounting 200 type selectors while the left-hand
bay of the sender unit is used for mounting 1203 type selectors. The positional
unit for each semi-mechanical position of ™A™ board includes one key control ecir-
cuit, one mllotter circuit and 4 link cireuits. The allotter circuit consists of
e sequence switch which allots & maximum of & link circuits, in rotation. Usual-
ly 4 links are sufficient to handle the traffic at one pusition and the allotter
passes by the positions in whioch it would allot the other 4 links, if furnished,
A link circuit consists of a 200 type selector designated TH, which is used to
find the "cord and district selector cirouit™ with which a call has been an-
swered, a 200 type selector designated S5 which 1s used to select an idle sender
circuit, a sequence switoh, and a number of relays, resistances, condensers, ete,
Each link circuit can, therefore, find any one of the 10, 12, 15 or 20 "ocord and
district selector circults" and connect it to an idle sender, in a group of 22
senders. 4 key control eircuit, which consists of a sequence switch and a number
of relays, condensers, resistances, etc., 15 used on all calls and connects
therefore to all of the links and also to the mllotter circuit. The senders are
multipled to the banks of all of the sender-selectors, the senders being used in
common by the link ecircuits associmted with as many "A" positions as are required
to load a group of not more than 22 senders,

The "A"™ szender cireuit includes e large number of relays, reslstances,
condensers, etc., 6 sequence switches (known as the register control switeh (R1l],
sender control switeh (R2), sender switeh (R3), class switch (R4), RCI switch
(R5), and route switch (R6)), and two 1203 type selectors (known as routing se-

l&nfurs]. As soon as the "A" operator inserts the plug of the single-ended semi-
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mechanical cord in an answering jeck or in mn outgoing trunk jack, the sequence
switch in the link circuit (which has been previously allotted by the position
allotter circuit and which has been ewaiting a call), advances to a position in
which the TH selector hunts for and connects the link cirouit to this "cord and
district selector™ circuit. At the same time the SS selector hunts for and con-
nects the link to an idle sender circuit. The link circuit then connects the
"key control™ eireuit to the sender, and such register relays are operated in
the sender as correspond to the route, office code, and numerical keys depressed
by the "A" operator. The office ccde keys are used only when the call is routed
to a tendem office, either manual or full mechsnicel; for on such a call it is
necessary that the office code be transmitted, in addition to the number of the
called line, so that the tandem operator or full mechanical tandem sender can
complete the conmection to the called office and line. The 40 route keys in the
semi-mschanical keyset at the "A"™ position are divided, from a circuit viewpoint,
intc 8 groups of 5 keys each and depression of & particular route key causes the
'uperaéian of sertain register relays in the sender. The route relays operated
cause the route seguence switch R6 to be set in a position which corresponds to
the group of 5 keys inm which the depressed route key is included. With the route
switch so set the routing selectors (1203 type) are advanced to that one of 40
positions, which corresponds to the particular route key depressed, under control
of the route switch and the route register relayss. The routing selectors are
similar to the translator in a 2 digit sender circuit; and the arcs of these se-
lectors control the setting of the class switch R4, control district and offioce
selections, and control compsnsation for office end incoming selections. A4fter
registration is completed the key control circuit is released for use on a
succeeding call, and the link cirouit connects the sender to the district, the
connection being established, under control of the sender, as required for the
particular class of call being made. The sender circuit returns to normal when
the connection is established end the link circuit advances to the "awaiting
allottment™ position.

LOCAL TANDEM DISTRICTS AND SENDERS
When the call is one which can be completed only through the subserib-

er's district multiple the ™A™ sender causes the selection of = trunk whieh con-

pects to & "local tandem distriet selector ecirecuit” mounted on a regular sub-
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seriber's district frame, the "A"™ sender completing the connection &s & tandem
RCI eclass call. The tandem distriet selector circuit includes a 200 type sender-
selector, which is mounted on a Local Sender-Selector frame. As soon as the
trunk which connects to a "local tandem district circuit" has been selected, the
sender-selector associated with this distriet circuit selects an idle "local tan-
dem sender circuit"™. 4s soon as the tip and ring of the trunk are connected
through the sender-selector to the local sender circuit the "A™ sender transmits
the RCI pulses cu;respnnﬂing to the office code and number of the called line.
The pulses are recorded in the tandem sender by the operation of certain register
relays. The "A" sender returns to normsl after transmitting the RCI pulses and
the "A"™ link advences to the "awalting allottment™ position. After operation of
the register relays the locel tandem sender functions in a similar manner to that
in which a subscriber's sender funetlions in controlling the completion of a call,
except that translation is controlled by the register relays instead of being
controlled by the setting of 200-type office code registers. A sufficient number
of local tandem distriets are furnished on reguler subseriber's district frames
to handle this traffie. Usually not more than 10 local senders are reguired, and
in many cases no local tandem districts or senders are provided. It should be
remembered that local tandem district and sender cirouits are not required in any
case unless the semi-mechanical type of "A" board is used.
A-B TOLL CALIS .

Those toll calls which can be completed by the "A"™ operator over direct
trunks to the called office without going thru a toll board are termed A-B toll
calls, These calls are completed at a manuel dialing type "A"™ board by inserting
the calling cord plug in a trunk jeck on which is terminated a trunk to the de-
sired destination; they are handled at a semi-mechanical type "A"™ board by answer
ing the call with the semi-mechanical cord the outgoing trunk being selected under
control of an "A" sender. The "A" operator tickets and times these ocalls.

METHOD OF COMPLETING TWO-NURBER TOLL CALLS
Where the calling subseriber is making s call which in a manual system

would be handled by the stendard two number method of operation, the call may be
completed by one of two generel methods. By the first method, the "A" operator

may hendle and time the ecall, obtaining the comnection through the two number
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toll boards In this case, if manual cords are used, the two number toll board
is reached over an idle recording trunk in the same manner as at an "A"™ position
in & mAnual office; or if semi-mechanical cords are used, the two number toll
board is reached over a recording trunk selected by the "semi-mechanical cord
and district selector circuit" under control of an "A" operator's sender circuit,
the proper routing key having been depresseds The trunk lamp at the two number
board lights when the connection is made to the recording trunk (either by use
of a manual cord or a semi-mechanical cord and distriet circuit), and after the
two number operator has answered the cell, the connection is completed to a toll
line as directed by the "A"™ operator. Release of the comnection is under joint
control of the calling subseriber and the "A"™ operator. When the ocalling party
"hangs up" the "A"™ operator disconnects and a disconnect signal is given at the
two-number board; the toll operator then releases the toll line, This method of
operation may be found desirable when the toll lines are equipped on such &
liberal basis that in the majority of cases, the "A™ operator can secure a toll
line without material delay; it is necessary, however, that the recording trunks
be of high grade to minimize the toll transmission loss.

The second method of handling two-number toll traffie can also be used
at special service positions equipped with either manual, semi-mechanical, or
combination equipment, Where semi-mechanical or combination equipment is used,
from 2 to 5 special final terminal cords are provided with each of which 1is
associated two supervisors lamps and a listening-in key. Where manual equipment
is used, from 2 to 5 of the manual cords ars wired as final terminal ocords. These
final terminal cords connect to sets of final multiple terminals and are given
numbers corresponding thereto. After answering the subscriber, the "AB" operator
removes the answering cord from the jack and replaces it by a final terminal cord.
The mumber is then passed by the "AB" operator to the two-number operator over a
recording trunk, The two-number operator establishes & connection to the calling
subseriber through this final terminal cord either by the key indicator or by the
cordless "B"™ method, The disconnect signal is given on the final terminal cord,

when the two-number operator releases the switching trunk at the completion of

the conversation.
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CHAPTER XX
OTHER METHODS OF HANDLING ORIGINATING TRAFFIC

Semi-lechanical

The very earliest installations of Panel type equipment were made on s
semi-mechanical basis., The cells are answered by "A"™ operators at an "A" switch-
board the positions being equipped with single-ended, semi-mechanical cords and
with a set of office code and numerical recording keys, The semi-mechanical ™4n
positions are very similar to positions of the semi-mechanical type of Panel
System "A" switchboard used in Panel type offices for handling "zero" operator
and AB toll traffic, (described in a previous chapter). The semi-mechaniocal
cords are part of "semi-mechanical cord and district selector"® circuits. The
called number is reglstered in a sender circuit (there being three sender oir-
cults serving each position) by the depression of the proper office code and
numerical recording keys. A trunk to the desired destination is then selected by
the distrioct and offlice selectors under control of the sender. Calls which ter-
minate in the same or another semi-mechanical office are completed by incoming
and final selector circuits under control of the originating sender circuilt,
Calls which terminate in a manual or manual tandem office are completed over
fcarriage call indicator™ trunks to cell indicator positions at the "B™ board in
the manual office,

The "carriage call indicator™ method is similar to the present "relay
gall indicator®™ method but differs from 1t in two major respects. First, the
called number (and office code on tandem calls) i1s registered on sequence switches
in the manual office instead of on relays, there being one sequence switoh for
each digit to be recorded, Second, instemd of transmitting RCI pulses the semi-
mechanical sender functions the same as 1f it were a call to a Panel type office.
The register switches in the Manuesl office are advenced, in suoccession, under
gontrol of the semi-mechanical sender circuit; as each register switch advences
it alternately oconnects ground to, and disconnects ground from, the tip side of
the trunk or fundamental circuit. As soon as the sender is satisfied for each
selection it opens the fundamental circuit stopping the register switeh; all the
register switches are thus stopped in those positions which will cause the called
number to be displayed on & call indicator in somewhat the same fashion as the

- 124 -
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number 1s displayed at the "relay call indicator" positions.

Line-Switch and Sender-Selector

When the first Panel type offices were installed, the subsoribers lines
terminated on individusl "line-switoches" instead of being connected to the
multiple on line finder frames. The line-switoh is a 200 type seleotor to whose
22 sets of terminals are connected the leads from 22 distriect selectors. When
a subsoriber originates a call, the line-switch hunts over its terminals for an
idle district seleotor oircuit; and, having found one, it makes the selected
distriet cirouit test busy to all other line-switches to which this distriet cir
cuit is multipled. A group of 22 districts is multipled to the banks of enough
line-switches to "load"™ the group of districts. Eaoch distriet selector clreocuit
in an instellstion of this kind includes a 200 type seleoctor which is used to
select an idle sendesr ciroult, the senders also being arranged in groups of 28,
As soon as & line-switeh selects a district the sender-selector selects an idle
sender circult and the calling line is conneocted to the selected sender, Line-
switches are mounted in bays, 20 switoches wide, the line and cut-off relays
being mounted directly below each line-switch. A line-switch bay has space for
% horizontal rows of switches together with the 9 rows of line and ocut-off re-
lays - a total of 180 line switches per bay. The sender-selectors are alsc
mounted in bays, 20 selectors wide but since no (L) and (CO) relays are associ-
ated therewith, there are 12 horizontal rows of selectors per bay - a total of
240 sender selectors. A line switech and distrioct selector cirocuit with the
sender selector is shown schematically in figure 1.

Line Finder and Distriet with Sender-Selsotor

On laeter instellations the line-switech equipment was replaced by line

finder equipnent which was developed as a more economical method of handling

originating trarffioc.
The first line finder fremes had & capacity of fifteen 20 point banks,

8 total of only 300 lines per frame (without splitting the multiple). There
were, therefore, 15 regular end one emergency trip circuits and one regular and
one emergency start circuilt per freme., This arrangement provided for either 28,
40 or &0 "line finder districts"™ per group, as required by the traffic originat-

ing from 300 subscribers' lines., Hach district selector eircuit ineluded a 200
- l25 -
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Chapter XX
type sender-selector, which was mounted on & sender-selector frame and the
senders were divided into groups, 22 senders per group. This type of equipment
has been installed in a large number of offices,
Rotary Links

In order to secure more efficient use of senders "Rotary Link" equip-

ment was developed, which provided "link"™ circuits for connecting the district
selector circuits with idle sender cireuits, instead of including a 200-type
sender-selector in each distriet selesctor circuit. The "rotary link"™ oirouit
uses one 1203 type selector as a distriet finder, and another as a sender-se-
lector. The senders are, therefore, divided into groups of 44 senders each, re-
sulting in a much higher efficienoy per sender, and a consequent reduction in the
number of senders required, in an office, as compared with the number that would
be required if the sender-selector type of equipment were used. HRotary link cir-
cults are mounted on "subseribers' link frames™ as shown in Figure 2. Figure 2
is a schematic of those paerts of the Line, Trip, Start, Rotary Link, and Line
finder-district circuits involved in finding a calling line. In general the oper

ation of Rotary Link equipment is the same as the operation of Fanel Link equip-

ment,
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CHAPTER XXI
THREE-DIGIT TRANSLATOR - EQUIPMENT AND OPERATION

A three-digit translator consists of a power driven selector on a panel
type frame, used in connection with certain register relays in the sender circuit
and in connection with a pulse machine which is common to all the senders. Each
panel selector on the translator frame is associated with a partioular sender
circuit. After the office-code registers have been set this selector is driven
upward for brush, group, and terminal selection so that six leads from the sender
are connected, thru a peir of multiple brushes, to a particular set of & termi-
nals in the selected group of the bank to which the tripped brushes have aoccess.
These 6 multiple terminals connect to the brushes on & pulse machine which make
contact with "sending drums" which are divided into battery segments and ground
segments., 4 Master Reglster Relay in the sender is operated over each of these
leads when the sending drum brush to which the lead connects is meking contact
with battery segment; while these master reglster relays are operated another set
of & leads from "receiving drums" on the pulse machine are connected to the
windings of register relays, there being a group of register relays asanninteq
with each master reglster relay. When any one of the "receiving drum" brushes
mekes contect with a battery segment at the time that a master register relay is
operated (in a sending drum lead) one of the reglster relays assoclated with this
mester relay is operated. That combination of register relays is operated on
each call, as controlled by the sending drum leads to which the seleoted transla-
tor multiple terminals are connected, as will cause the sender to exercise the
proper control over the verious seleotions according to the class of ocall which
is being made, The register relays thus perform the functions that the 1203 type
selectors (two-digit tramslator) perform in a two-digit sender circuit.

The translator frame (shown in Figure 1) is & steel structure of a type
generally known as a double-sided frame, designed for mounting the apparatus re-
quired in providing a flexible medium for connecting the pulse machine to the
reglster relays in the sender. The freme consists of a single bay for mounting
the hunting and multiple banks, the friction roll drives, the clutches, commuta-

tors, brush rods, etc. It has a capacity of 60 panel selectors, each associated

with & particular sender cirouit.
- 127 -
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The translator frame is equipped with 10 multiple banks, having 40 sets
of three terminal strips each, and with one hunting bank, divided vertically to
make 60 vertical sets of 57 terminals each. The terminals on the 10 mltiple
banks conneot to lamps located in "lamp and cross connecting units"™ which are
mounted at one end of the frame, one unit for each pair of banks. The banks are
arranged in pairs, six terminals being required for sach office code, and the
frame therefore provides for 200 different codes, The sending drum leads are
cross-oonnected from the lamps to the various pulse leads from the sending drums
of the pulse machine; the facilities for cross connsction are provided by the
Mlamp and oross-gonnecting” unit in which the lamps are mounted,

The hunting bank, containing the 60 sets of 57 terminals each, is lo-
cated at the top of the frame immediately below the commutators. Its terminals
are conneoted to the terminals of the office code registers A, B and C in the
sender circults as shown in Figure 5.

The translator brush rods ere similar to the line finder brush rods,
being hollow metal tubes with a rack attached to the lower end and a commutator
brush attached to the upper end. They are equipped with 10 brushes similar to
thou; used on the panel link brush rods and with an additional brush for the
bhunting bank which has but two contect springs. The hunting brush has no separat-
ing roller and trip lever so that it does not need to be tripped in order to make
contaot with the terminals in the hunting bank. The first 5 slots in the rack am
used for holding the brush rod in one of five positions to which it is elevated in
the seleotion of the pair of brushes whioh is to be tripped on any particular call,
When the rod has been elevated to a position in which the pawl bas engaged with
the first slot it is in position for having the first pair of brushes tripped,
when it again moves upward, providing the trip magnet is then energized. Likewise
when the rod has been elevated to a position in which the pawl has entered the
second slot it is in a position for having the second pair of brushes tripped,
eto, The tripping mechanism and friection roll drive is similar to that used on
any "trunk-hunting® panel type frame., The commtetor and commutator brush are
modified as required for use in the translator cirecuit.

A pulse machine has two sets of drums te which the pulse leads from the

translator frame multiple connect; one set of drums and leads are kmown as A drums
- 128 -
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and 4 leads the other set being known as B drums and B leads. The translator
frames are likewise divided into 4 frames and B frames so that the multiple on A
frames conneots to the A4 pulse machine leads and the multiple on B frames con-
nects to the B pulse machine leads. It is, therefore, necessary to furnish at
least one pair of translator frames for each installation. 4 pair of translator
frames accommodates 120 senders each of which can secure a tramslation of 200
different settings of the A, B and C registers. Additional pairs of translator
frames are provided for additional groups of 120 senders or frection therecf for
these same 200 settings of the A, B and C registers; these sdditional frames are
planed adjacent to the first pair, the banks are multipled together, and the
lamps furnished with the first pair are used in common with the second pair.
Where the number of destinations exceeds 200 it 1= necessary to provide another
set of translator frames and pulse leads so that each sender can then secure
translation of & maximm of 400 different settings of the A, B and C registers,

A pulse machine shown in figure 2 consists of 4 sets of motor-driven in-
terrupter units mounted one above the other, each unit consisting of 23 drums on
a horizontal shaft. The first (lowest) and third interrupter units each contain
19 sending, one combination sending and timing, three receiving, and one battery
drum; and the second and fourth units contain 20 sending, three receiving, and
one battery drum. The first and second units are ﬂasignﬁt&d the "A" drums and
the third and fourth units are called the "B" drums. For each set of drums there
are, therefore, 39 sending, one combination sending and timing, six receiving and
two battery drums. Each drum is divided intc two parts, a brush making contact
with each part, The periphery of both halves of the battery drums is solid copper
and i1s used for feeding battery to the battery segments on the sending, receliving
and timing drums., The periphery of both halves of the timing drum and of ome-half
of each of the sending and receiving drums is divided into six segments and six
intermediate segments alternated and separated by insulating materiel. The timing
drum segments in both halves of the drum are connected tc the battery feed drum.
The periphery of the other half of each of the sending and receiving drums is
solid copper and the brush making contact therewith feeds ground through this
solid half to such segments of the other half as may be connected therewith. Each

one of the receiving drums has a different one of its metal segments connected
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with the battery feed drum, the remaining segments being connected to the ground
feed half of the same drum. HEach cne of the 40 sending drums has a different com
bination of its segments connected to its ground feed or to a battery feed drum.
To illustrate, sending drum No. O has its No. 1 segment connected to battery and
all other segments connected ground, while drum No. 32 has segments Nos, 1, 2 and
4 connected to ground and segments Nos, 3, 5 and 6 connected to battery. The
leads from the brushes making contact with the interrupter half of the sending
drums are wired through the pulse machine fuse board to "lamp and oross-connect-
ing unit"™ on the translator frames; the sending drum leeds are then cross-con-
nected to the pulse lead lamps which are mounted on the same unit. The leads
from the brushes making contact with the interrupter half of the receiving and
timing drums are wired thru the pulse machine fuse board to the sender pulse fuse
board where conneotion is made to lemds from each sender. See Figures 3 and 4.

The pulse machine drums are rotated at the rate of 80 revolutions per
minute, The brushes are in ocontact with the interrupter segments for intervals
of .096 second, separated by intervels of .029 second. The segments of the re-
ceiving drums make contact ,024 second later than the segments on the sending
drums.

In order to divide the load and insure continuous service, the ter-
minals in the banks on odd numbersd translator frames are cross-connected to the
pulse leads from the "A"™ frames and the terminals on the banks of the even
aumbered fremes are cross-connected to the pulse leads from the "B" drums. KNot
more than 25% of the translator brush rods associated with any sender group are
located on the same side of any translator frame, To further insure agalnst any
interruption in service three separate pulse machines are provided on each in-
stallation; the sending, receiving, and timing leads from the A and B drums of
the three machines are wired thru 6 manually operated multiple transfer switches,
which are located on the pulse machine fuse board; these switches make it possible
to connect the leads from the translator frames and associated senders to the
drums on any one of the 3 pulse machines. (The A leads are always connected to 4
drums and the B leads to B drums). The pulse machine is provided with an auto-
matic mlarm device which operates when the pulse machine (which is in use) stops.

Figure 5 is a circuit schematic of that portion of the sender cirecuit,
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including the pulse machine and translator frame, which is necessary to the ex-
planation of three-digit translation. The terminals in the hunting bank and the
hunting brush are used in setting the translator brush rod in the required posi-
tion on a particular ocall. Terminals 1 to 4 and terminsls 6, 8y 10, 12 and 14 in
the hunting bank are not used. Terminals 5, 7, 9, 11 and 13, in each of the &0
vertioal sets of terminals, are cross-connected to terminals on the A% and B2
reglster ares, and are used for translator brush selection. Terminals 15, 235,
31, 39 and 47 are oross-connected to terminals on the A4 and A5 register arcs and
are used for translator group selection. The other seven of the eight terminalsin
each one of the five groups (15 to 22 inclusive, 23 to 30 inclusive, 31 to 28 in-
elusive, 39 to 46 inelusive and 47 to 54 inclusive) are oross-connected to ter-
minals on the C2 register arc. When the A and B registers have been set and the
RC switch is advanced to terminal 2 the (ST) relay operates and locks to off
normal ground. The (TC) relay operates and locks through both windings in series
under control of the (T5) relay. Operation of the (TC) relay advances the trans-
lator control switech to position 2 where the translator UP magnet is energized
for brush hunting. The ground on register arc B2 and through arc A3 (according
to the setting of the registers) and through one of the brush hunting terminals
in the hunting bank, operates the (TS) relay when the hunting brush on the
transla tor brush rod makes contact with this grounded terminal, Operation of the
(TS) relay releases the (TC) relay. The UP magnet holds to the C commutator un-

til the elevator has been driven upward far enough to permit the pawl to engage

with the ocorresponding slot in the brush rod rack, 3Brush selection hﬁs thus been

completed and the release of the (TC) relay advences the translator control
switeh to position 3., In position 3 the TRIP magnet associated with this trans-

lator brush rod is operated. The (TC) relay is again operated in position 3 ad-

vancing the switch to position 4 in which position the (TC) relay holds under
gontrol of the (TS5) relay and ocloses the UP megnet circuit, When the selector
moves upward for group selection the pair of multiple brushes corresponding to
the selected brush terminel in the hunting bank are tripped. When the hunting
brush makes contact with that ones of the group selection terminals (15, 23, 21,
39 or 47) to which ground is connected through arcs A6 and BES or thru arcs 46,
B5 and A4, relay operates, releasing the (TC) relay and stopping the hunting
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brush on the grounded terminal. Group selection has thus been completed and the
release of the (TC) relay advances the switch to position 5. The (TC) relay re-
operates in position 5, advancing the switeh to position 6, in which position
the (TC) relay holds under control of the (TS) relay and energizes the UP magnet
for terminal seleetion, When the hunting brush makes contact with the terminel
to which the ground from the C2 register aro is comnected, the (TS| relay once
more operates, releasing the (TC) relay and stopping the hunting brush on the
grounded terminal in the seleoted group of hunting bank terminels. The release
of the (TC) relay advances the translator control switch to position 8. When
the terminal is the first one in the group the (TS) relay reoperates in position
5 5/4 releasing the (TC) relay and preventing the UP mapgnet from being energized

We now have the tripped pair of multiple brushes making contact with

six terminals, three in each of the two 40-point banks to which this pair of
brushes has access. Each one of these six terminals 1s comnected through & lamp
to & terminal on the e¢lass (CL), districet brush (DB), distriet group (DG),
office brush (0B), office group (0G) and talking selection (TS) terminal strips
and from there cross-connected respectively to six of the pulse leads from the
sending drums of the pulse machine, When the translator control switch entered
position 7 the (PC) relay was operated connecting these six terminals through
the tripped pair of multiple brushes to the six master reglster relays desig-
nated CL-A, DBE-A, DG-A, OB-A, 0G-A, and TS5-4, thus causing operation of these
relays when the sending drum brushes to which they are connected make contact
with battery segments of the sending drums. Operation of these relays causes
operation of the (CL-B), (DB-B), (DG-B), (0B-B), {0G-B) and (TS-B) relays in
local circuits. The six pulse leads from the recgiving drums of the pulse ma-
chine are multipled to six normally open contacts on sach of these six (B) re-
lays. With each (B) relay is associated a group of from 4 to 6 register relays
of which certain ones must be operated on a given call by pulses from the re-
ceiving drums of the pulse machine. Of the relays associated with the (CL-E)
relay, the (CL-1), (CL-2), (CL-3) and (Cl-4) relays control the setting of the
class switch, the (CL-5) relay controls preliminary coin test, and the (S0-8)

relay 1s operated when no office selector 1s used in completing a call. Of the
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relays associated with the (DB-B) relay, the (DB-1), (DB-2) and (DB-3) relays
control distriet brush selection, and the (C-4), (C-5), and (C-6) relays con-
trol the compensating resistance used for office and beyond office selections.
0Of the relays associated with the (0B-B) relay, the (0B-1), (0B-2) and (0B-3)
relays control office brush selection, the (C-44) relay is used with the (C-4)
relay (previously mentioned) to control the compensating resistance, and the
(R-5) relay controls the setting of the class switch for special routes and is
used only when special routes are required. Of the relays associated with
the (DG-B) relay, the (DG-1), (DG-2), (DG-3) and (DG-4) relays control dis-
trict group selection, and the (%-5) and (Z-6) relays control restricted ser-
vice calls, Of the relays assoclated with the (0G-B) relay, the (0G-1), (0G-2),
(0G-3) and (0G-4) releys control office group selection and the (TW-6) relay is
necessary when & two-wire office selector 1s used. Of the relays assoclated
with the (TS-B) relay, the (TS5-2) and (TS-3) relays control talking selection,
the (SD-4) and (3D-5) relays cancel the "stations delay" feature on cells where
it is not necessary to wailt for the STA register to be set, and the (ST-6) relay
controls "trunk test" on low resistance trunks.

To illustrate the operation of the register relays, assume the (FC) re-
lay operated. The (DG-4) relay operates when the sending drum brush to which it
is connected makes contact with a battery segment of the drum. The (DG=B) relay
is thus operated, thereby connecting the six pulse leads from the six receiving
drums of the pulse machine to the (DG-1), (DG-2), (DG-3), (DG-4), (Z2~5) and (Z-6)
relays. During the time that the (DG-B) relay is operated certain ones of these
register relays are operated when the receiving drum brushes to which they are
connected make contact with battery segments on the receiving drums. The regis-
ter relays which are thus operated lock in local circuit. In like manner such
of the other groups of register relays are operated (by battery pulses from the
receiving drums, during the time their control relay is operated over a lead to
a sending drum) as will set up control conditions to govern some portion of the
sender's cyole of operations.

The length of time during which the (PC) relay remains operated, so as
to cause operation of the register relays, 1s ocontrolled by the timing drum in

such a manner that the sending and receiving drum pulse leads are connected to
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the register releys for at least one full cycle of pulses ([one revolution of the
pulse machine drums). When the translator control switch enters position 8 the
lead from the timing drum is connected through a 1200 ohm resistance through the
windings of the (STP) and (OFL) relays and through another 1000 ohm resistance to
grounds The (STP) relay is thus alternately operated and released as controlled
by the six battery sezments on the timing drum. The first operation and release
of the (STP) relay operatess the No. & pair of counting relays. When the timing
drum has completed one revolution and contact i1s made with the first battery seg-
ment on the second revolution, the (0) counting relay operates, followed by oper-
etion of the (BO) and (FO) relays when the stepping relay releases. Operation
of the (FO} relay advances the translator control switech out of position 8, thus

openine the pulse leads. With translation thus completed the sender proceeds

with the completion of the eall.
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CHAPTER XXI=-A
THE DECODER AND DECODER SENDER

The most spectacular development in the panel system in recent years
is the decoder. The function of the decoder is the same as that of the pulse
machine translator which it will replace; that is, to give the sender the
necessary information for reaching the distant office and the method for
transmitting the number.

The use of the decoder will result in a reduotion of initial cost in
egquipment, floor space and maintenance, and in inereased speed and socuracy.
The equipment for decoding the office code In & typloal office will oonsist of
gix decoders, one oross-connecting frame and a decoder connector ocirouit for
each group of ten senders. The apparatus conslsts chiefly of "R"™ type and
milti-contaoct relays. The multi-contact relay is a recent development designed
for a very heavy spring plle-up having fifty-two meke contacts, It 1s es-
sentially a power driven Interrupter with the cem actuating mechanism re-
placed by a powerful electromagnet.

THE DECCDER SENDER

Before taking up the decoder it would be desireble to become
familiar with the sender sinsce it differs radieally from the translator sender.
In fig. 8 is shown a sender frame with only one unit mounted. Four other
units can be mounted above it. A unit is made up of two senders witﬁ the
relay ocabinets in the end bays and the sequence switches of which there are
only three, each in the middle bay. Sinoce there are no 200 type selector
switches the number of exposed base metal contaots has been materially re-
duced as well &s the initial cost and maintenance.

The dialed number is registered on relays as shown in fig. 1. The
number register eircuit has been arranged into groups according to their
various funetions:-

(1) The dial pulse control circuit consists of the (L), (Ll), (RA) and
(3R) relays whose functions are similar to those in the translator

sSender.
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{(2) The disl pulse counting cirocuit consists of ten relays designated
(P1), (P1') to (P5) and (P5'). This circuit unit, under control of the
back contact of the (L) relay and front contact of the (RA) relay will
pount each train of pulses. The table on fig. 1 shows the combina-
tions of relays operated corresponding to the digit disled.

(3) The register groups, one for each digit, consist of four relays each
whose designations are made up of the letter corresponding to the
digit it registers and the numerical suffixes (1), (2], (4) and (5)
respectively. Thus the thousands register group is designated (TH1),
(THZ2), (TH4) and (TH5). The table in fig. 1 showas the combinations
of the relays operated corresponding to the digit registered. It
should be noted that the sum of the numerical designations of the
relays operated is egqual to the number of pulses in the digit. Thus
if the units digit is eight, relays (Ul), (UZ2) and (U5) will be
operated.

In the "A" register it will be obzerved that the loeking path for
the (Al) relay is complete only when the (A2) or (A5) relay is operated. Then
if a one is dialed or if the switchhook i3 aceidentally moved causing &
momentary open no number is registered.

In the "B" reglster the locking path for (B4) relay ia opened when
both (Bl1) and (B5) relays are operated. Hence if & zero is dialei & six will
be registered. The "C" reglster has the same arrangement. If the subscriber
diels & zero for the second or third digit of the office code it iz assumed
.that he intended to dial the letter O which 1s in the "6" finger hole.

(4) The register control circuit consists of ecut-in (C), and loek-up (L)
relays, one pair for each digit. These designations ere prefixed
with the letter corresponding to the register group as (AC), (AL),
(ec), (BL), ete. The cut-in relays connect contaets in the dial
pulaé gounting circuit to the windings of its associated register
relays. When the digit has been registered the lock relay operates
from the back contact of the (RA) relay in series with locking wind-
ings of the operated register relays. The lock relay operating re-
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leasss the asaooliated cut-in relay and operates the sucoceeding cut-in

o

relay in preparation for the next digit.

As soon as the ocomplete office code or zero operator has been dialed
as indisated by the operation of the (CL) or the combination of the (Al), (A4)
and (AL) relays & cirocuit is established for operating the (ST) relay which
places off-normal battery on the (ST) lead to the decoder connector cirouit as
8 signal that it is ready for decoding. The connector will then seize an
idle deccoder and connect it to the sender thru approximately fifty leads. The
decoder then receives the office code and gives the sender the necessary in-
formation by causing a combination of the selection register releys to cper-
ate, The method by which this 1s accomplished will be taken up separately
later. -

In figz. 2 are shown the selection register, counting relays and
miscellaneous control relays neocessary for the normal progress of a full
maghanical eall, The selsotion register relays are opsrated in such combina-
tions that, except for distriot brush, the sum of the numerical designations
of the relays opernteﬁ.ia equal to the seleotion desired. For a "zero" no
relays are operated. For 0ffice Group "three" relays (0Gl) and (0GZ2) are
cperated, eto. For Diatriot Brush "zero", "one" and "two" the above rule
holds but for distriect brush "three" relays (DBl) and (DB3) are operated and
for distriot brush "four" relaya (DBZ) and (DB3) ere used.

The funotion of the selection register relays is to provide a means
for connecting the conteoct of the stepping relay to the windinga of the cor-
reot pair of eounting relays regquired for eash partioular selection. The
numbered cirecles at the registers are unnnactgd to the corresponding numbered
circles at the ocounting relays. It should be noted that the counting relays
are "split". By the use of the relay register it was possible to simplity
the wiring as illustrated by a special case: If Distriet Group "three" is to
be made the contact of relay (STP) should be connected to the winding of
counting relay (3) and the front contaet of relay (1') should be connected to
the winding of relay (0). Consulting the legend for the selection control
gwiteh 1t i3 found that distriet group selection 1s meccomplished in position
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%. Then the stepping relay contact goes thru cam (H), thru the collar to cam
{(7), thru brush #2 to the (DG) register group. For distriot group "three"
(DG1) and (DGZ) are operated. Hence the lead we are tracing goes thru the
front contacts of both relays to the winding of counting reley (3). After
three pulses have been received this lesad will be connected to lead "O" on the
front contact of (1') which goes to cam (K) thru brush f2 and thru the back
contact of relay (DG5) to the winding of reley (0). Now if distriet group
eight hed been desired relay (D35) would have been operated and the above lead
would have gone to the winding of relay (9) and after five more pulses would
have gone thru the front contact of relay (5') directly to the winding of re-
lay (0). Other features of this cirouit will manifest themselves as we trace
the progress of a call.

As soon as the first digzit has been dialed as evidenced by the
operation of relay (AL) in fig. 1 ground is placed on the (ST) lead which
goes to (B) ocam of the selection register switch csusing it to move to posi-
tion 2. When the decoder has set up the selection register it groundsthe
(RL) lead which operates the (RL) relay causing all operated relays to lock
under control of the (M) cam to ground from the (SB) relay. The operation of
relay (RL) also closed the fundemental circuit which is trzced from (FT) lead
thru (OF) and (STP) relay windinga, thru make contsct of (RL) relay, back
contact of (BO), make conteaet of (FO3) and thru the (L) cam to lead (FR).
This causes the (L) relay in the distriot selector oireuit to operate in
series with the (STP) relay. The (OF) relay will not operate sinece the cur-
rent is not in the right direotion. Since the awiteh ig in poaition £ the
seleotion is under control of reley (DBl), (DBE) mnd (DB3) whiech will con-
nect the front contact of (STP) relay to the proper counting relesy. Lead
"0" is connected thru (K) cam directly to the winding of relay (0). Then as
the selector 18 moved upward the (STP) relay is shunted dowm for each com-
mitator sezment orossed causing the successive operation of the counting re-
lays until the (BO) relay operates which opens the fundamental circuit and
releases the district (L) relay. Relay (FO) also operated causing the oper-
ation of (FO1l) which, (&) looked to (C) cam, (b) released the odd numbered
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counting relays, (¢]) prepared a path for moving the sequence switch out of
position 2 and (d) operated (F02) relay in turn releasing (FO3) relay which
opena the fundamental and releases the rest of the counting relays. When (FQ)
released the sequence switch moved to position 3 releasing {FOl). The (F02)
relay being slow to release prevents the immediate reoperation of (F03) in
order that the fundamental eirouit will not be reclosed before the switch has
moved out of position 2.

In poaition 3 the fundamental is closed as before; but thias time
selections are made under cgontrol of the (DG) relays. The (DG5) relay will
in this ocase determine whether lead "0" is connected directly to relay (0) or
to relay (9). The switch is moved out of position 3 as deseribed for Distriet
Brush selection.

In position 4 office test is made by running the fundamental cirecuit
thru the (TCG) relay and a high resistance of 14,500 ohms. If the trunk has
bvattery and ground the (TG) reley will operate but the (STP) relay and the
office (L} relay will not. This moves the switch to Office Brush position.
Office Brush and 0fflice Group selections are made in a manner as describved for
Distriet seleotions.

. In order to simplify the wiring it was found desirable to use ihe
seleotion register relays for Inocoming and Final selections e2 well as for
District and O0ffioce selections. This 1s done by releesing the decoder set-
ting and transferring the numericel register setting as will be seen later,

v Having ocompleted Offlice selections the aswiteh is in position 7 where
the outgoing trunk is tested by means of the (TG) relay. 1In position 7 the
(THT) relay is operated provided the thousends digit has been dizled and the
setting 18 transferred to the (IS) and (DB) relays. The previous set-up on
the (IB) relays was released when the switch moved out of position 3. With
relay (THT) and (TG) operated the switch is moved to position 8 where in-
coming brush is made and the switch advanced to position 9. 1In this position
the hurndreds digit is registered on (DGl) and the (0B) relaya. The operation
of (HT) moves the switeh to position 10 where Incoming Group selection is
made., Incoming Group selection is controlled by relays (DG1) and (DG2).
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(D31) relay is operated if hundreds is greater than 4 and (DGZ2) relay is oper-
ated if thousands is an odd number.

The switeh is moved out of position 10 in the reguler manner and the
(HT) relay being operated it goes immediately to puui?inn 12 where Final Brush
selection is made under control of the (0B) relays. Pinal Brush, Final Tens
and Final Units selections are made similarly as described above. In posi-
tion 17 the incoming puts & momentary reverse battery and ground on the
fundamental operating the (0OF) and (STP) relays. The (OF) operates the (IA)
which locks and the (STP) operates the (0) which locks in series with (B0)
and (F0). When the (FO) operates the switch is moved as for Distriet
seleotion. In poaifiun 18 Talking selectlion is mn@a in the diatriet circuit
under control of the (75) relays. At the completion of this selection the
gender is restored to normal and the connection has been established.

If the foregoing call had been destined for s manual or a tandem
office the sender, after trunk test in position 7,would have handled the call
differently. For instead of controlling panel selectors in the distant office
it would have primed a relay call indiecator eircuit. How the two-digit
sender accomplished this wes explained in chapter (15). The purpose of this
discussion is to show how relay czll indicator pulses are generated when
eontrolled by & relay register.

Each pulse must either operate a lamp relay or pasa 1t b&. Hence
there are two conditions that the pﬁlae may have. A digit requires four re-
lays for reglstration thus four pulses are sent for each digit. The firat
and third pulses may be either positive or grounded while the second and
fourth are either light negetive or heavy negative. The grounded pulses are
for the purpcse of discharging the cable to allow the polarized relay to re-
lease. By this errangement no consecutive pulses are alike and the control
cgireuit will be able to differentisate between them. The chart shown in fig.
(6) 1illustrates graphically how the pulses are constructed. The axis of
abacissa is the horizontel line merked "o" which let us assume is the base
or ground line. The area above this ground line represents a positive pulse
while below, a negative pulse. Since a positive pulse has battery on the tip
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and ground on the ring side of the trunk the ground line is designated "R" and
the + line "TI" in the first and third quadrants. Since a negative pulse has
ground on the tip and battery on the ring the ground line of the second and
fourth quadrant is designated "T" and the negative, either light or heavy, is
designated "R". It will therefore be seen that the ring will always be
grounded in the odd positions of the switch while the tip 1s grounded in the
even ﬁnaitions. This is done on ocam (F1) thus constructing the bese line on
one side of the pulses. To complete the skeleton of pulses 6500 ohm battery
is connected in the even positions to the ring and in the odd positions (ex-
cept 1 and 3) to the tip. This gives an alternating suocession of light
positive and negative pulses,

It is now nauaas;ry to provide a means to modify these pulses ac-
cording to the number desired. In order to be able to modify the puless in
the odd gquadrants the tip side of the fundamental ecircuit 18 connected thru
brushes 2 and 4 of cam (D1) to leads which mey or may not be grounded in the
various positions of the awitch depending on the combination of register re-
lays operated. One lead is connected to the tip by cuttings in the first
quadrant of each digit and is therefore designated "T1". The other is con-
nected to the tip by cuttings in the third guadrants and is appropriately
designated "T3". The tip is also connected in both the first and third
guadrants to & lead designeted "B", Either one of these leads (which will
henceforth be referred to as guadrant leads) or the lead designated "B™ may
be connected to a lead which is grounded in both the first and third quadrants
of a partiecular digit. This ground digit lead is designated by the letter "G"
and a numerical subseript denoting the first of the two consecutive odd posi-
tions in whieh it is connected to ground. Thus the hundreds ground lead would
be designated "G5" since it is grounded in positions 5 and V. Whenever the
tip is thus connected to ground the 6500 ohm battery is shorted out in elther

or both the first or third quadrants.

In the even gquadrants, however, there are either light or heavy
negative pulses. Therefore in order to modify the skeleton pulse which is
light negative, the ring must be connected to 52.5 ohm battery in the even
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poasitions of the switch. These quadrant leads are designeted (r2) and (R4)
indicating that they are connected to the ring side of the trunk in the second
and fourth quadrants respectively of every digit. The battery digit leads are
designated by the letter "B™ and a numericsl subsoript indicating the first of
the two consecutive even positions of the switch in which they are connected
to 52.5 ohm battery. The hundreds battery lead would then be designated "B6"
indicating that it is connected to low resistance battery in positions 6 and
B.

The eross-connection between the guadrant and digit leads is deter-
mined by the wiring on the register relsys shown in fig. 1. Let it be assumed
*that an "8" 1ia to be sent as the tens digit. Consulting the chart 1t i=s
found thet tens is sent in positions 9 to 12 dnolusive and the digit leads
are therefore "G9" and "BlO". The chart also shows that for this number the
relays in the firat, second and fourth quadrants are to be opereted or the
pulses will be positive, heavy negative, ground, and heavy negative. The
connections between the guadrant and digit leads will be "T3" to "GI" causing
the positive pulse in the third guadrant to be erased and "B to BlO" making
both negative pulses heavy. With an "8" set up on the tens register relays
(T1), (T2) and (T75) are operated. It is readily seen that this combination
of releys operated will result in the desired connections.

I% should be borne in mind that this explanation does not attempt to
present & rigorous exposition of standard practice but merely indicate as
simply as possible the methods of cirouit operations in the panel system.

Such special casesd, therefore as the sending of a number greater than 9999,

have been omitted in order to simplify instruotion.

THE DECODER CONNECTOR

The Decoder Connector cirduit is essentially a multi-contact relay
per sender and a multi-ocontact relay per decoder with about fifty connecting
common leads for each group of ten senders. Also "R" type relays which
perform prafarenqe and lock out funotions allowing one sender of the group

and one decoder to be comnnected by the common leads at one time.
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THE DECODER

The decoding of the offliece code whioh was given only cursory mention
in the above deseription of the sender will now be considered in more detail.
The operation of the decoder will be divided into three funotions.

(1) Receiving and checking the office code.

(2) Selecting a route relay corresponding to the office code.

(3) Trensmitting and checking the selections.

Fig. 3 illustrates the first funetion. When the sender has been connected to
the decoder by the connector ecircuit on a signel over the (ST) lead as
previously explained, the armatures of transfer contaots on the office code
registers in the sender are comnnected to the windings of corresponding relays
of similar designation in the decoder. The armatures of those relays opera-
ted will connect local ground ;perating the corresponding relays in the de-
ecoder. But the elosure of the (CK) lead will connect ground thru the back
contacts to the armatures of the non-operated relays in the sender ceusing the
remeining registers in the decoder to operate. With all register relays in
the decoder operated a chain circuit closes ground to the winding of the (CK1)
relay operating it. The (CKl) relay operating prepares a locking circuit in
series with (CK2) which meanwhile remasins shunted, and opens the ground on
(CK) lead causing those relays not needed, to release. The release of these
relays opens the chain cirouit which held relay (CK2) shunted so that the
latter now operates in series with the (CKl) and the office code has been
checked. If one of the receiving leads had been open the register relay
corresponding to that lead would not have operated so that (CK1) felay eould
not have operated thus blocking the osll. The time measure circuilt then
counts off five seconds and sends artrcuble release signael to the sender which
disconnects and makes a second trial, most likely getting another decoder.
However if ground had been present on a lead corresponding to & register relay
not operated on this oesll the operation of the (CK1) J::ela.:.r would not have re-
moved the ground from the (CK) lead sinee the trouble ground would have backed
up &nd held all relays operated. Hence the kGKEJ relay would not operate and

after five seconds the sender would get a trouble release signal and make a
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gecond trial.

Fig. 4 illustrates the second operation, that of selecting the route
relay corresponding to the office code. When relay (CK2) operated it grounded
three leads. The first one under eontrol of the (A) register group operates
an (H) multi-contact or gang relay whose numerical designation corresponds to
the digit registered. Thus if relays (Al), (A2) and (A5) are operated relay
(HB) will operate. The (HB) relay will close 100 contacts causing the wind-
ings of 100 route (R) relays numbered 800-899 to be conneoted to one hundred
gommon leads terminating on contacts on the (T) relays.

The second lead which the (CK2) relay grounded will operate one of
the (T) relays depending on the setting of the (B) register group. Here again
the numerioal designation of the relay operated corresponds to the digit re-
corded on the (B) register. The operation of the (T) relay closes ten of the
aforementioned hundred ocommon leads to contacts on the (C) register relays.

If (T7) has been operated leads number 70 to 79 will be connected to the (C)
relays.

The (CKZ2) relay also closed ground to a leed which is connected to
one of the above mentioned ten lemds the particular lead depending upon the
digit set up. Thus if relays (Cl) and (C5) are operated lead number six 1is
grounded which goes thru & contact on (T7) and (HB) to operate route felay
#876 1t being assumed thet that is the number corresponding to the office
code. In this way any one of 1000 route relay-may be operated.

il The next step 1s the transmitting and ohecking of the office se-
lections. The route relaey, shown on fig. 5, having been operated grounds six
leads which terminate on the cross connecting frame and are designated
respectively by the letters "CL", "DB", "DG", "0B", "OG" and "CR" and &
common number corresponding to the (R) relay with which they are associated.
These =2ix lesds are cross connected to terminals wired to the primary or
secondary windings of the trensmitting relays corresponding to the leads. The
"0G™ lead for instance would be connected to either the primary or secondary
winding of any of the (0G) relays from (0GO) to (0G5) depending on the se-
lection desired and according to the table shown on the figure., Thus if
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Office Group seven is desired the "OG" lead is connected to the primary wind-
ing of (0G2) relay. It should be noted that by connecting to the primary in-
stead of the secondary the selection is inscreased by five and thet (0GS5) re-
lay is used for grounding the (S0) lead which givea the sender a skip office
Bignal meaning that no office selections are reguired.

The primary windings of the transmitting relays (020) to (0G4) are
each in series with (0GP) relay while the secondary windings are in series
with (0GS) relay. Both (0GP) and (0GS) relays receive battery thru the (06X)
relay. For any selection either (0GP) or (0GS) will operate in series with
the transmitting relay. The (0GX) relay, however, will not operate except
when two windings in the transmitting group are grounded. With (0GX) overa-
ted a ground is placed om lead (X) opereting reley (X) which sends a trouble
release signal to the sender oceusing it to disconnect and make a second trial.
In thia wey the windings of the transmitting relays are checked for false
orosses.

In order to transmit the selections for any group of transmitting
relays a varylng number of transmitting leads are grounded thru the windings
of the checking relays which for the group under discussion are designaeted
{(0GA), (OGB) and (0GC). The rest of the leads are connected to the (X) lead
8o that a false ground will result in a second triel. If any of the working
leads are open or grounded the associated ehecking relay will not operate and
the sender failes to get a release signal. In this case the timing circuit
will send & trouble release signal ocausing e second triasl.

Let it be assumed that an 0ffice Group of three is desired. In this
case the (0G) lead on the (R) relay is connected to the secondary of the (BG3)
relay causing it to operate in series with the (0GS). Lead (0Gl) will then
be connected to 200 ochm ground thru winding of relay (0GC) ocausing it to
cperate in series with (0Gl) relay in the sender. Lead (0GZ2) 1s connected
thru the 200 ohm winding of (0OGB) relay to ground csusing [0GR) to operate
in series with (0@2) relay in the sender. Leads (0G4), (0G5) and (S0Q) are

connected to lead (X) to check for felse ground.

With the above relays operated ground from the other five similar
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groups of transmitting and checking relays goea thru the make ocontacts om
(oGC), (0GB) and (0GS) relays to operate the (RL) relay which grounds the (RL)
lesd to the sender omusing the sender to loek up its selection registers and
release the decoder.
The time required for translation due to the decoder alone 1s egual

to the sum of the following relay operations

(1) Simultaneous operation of all register relays

(2) Operation of (CKl) relay

(3) Simultaneous release of unused register relays

(4) Operation of (CKZ) relay

(5) Simultaneous operation of an (H) and & (T) relay

(6) Operation of & route relay

(7) 3imulteneous operation of transmitting relays

(8) Simultaneous operation of checking relays

(9) Operation of (RL) relay

Added to the above times are the times of connection and discon-

nection due to the sender and connector circuits. Altogethér the totel time
required for decoding is about 0.3 second, which is remarkable when it is
eonsidered how thoroughly the decoder performs its duties.
THE TROUBLE INDICATOR

In the foregoing peragraphs there was mention of trouble being en-
countered resulting in a trouble release signel being transmitted to the
sender. In case of trouble it is important that the maintenance operator be
informed of its existence and given as much information as possible of its
neture in order to expedite the work of locating and correcting it. Since
there are only six decoders in an office it is desirable to keep them in
service as much as possible. In order then to keep the decoders in service
andelso to record troubles encountered the trouble indicator has been develop-
ed, ithen a decoder gets into trouble the trouble indieator receilves a signal

causing it to connect to the decoder and record the following information

ebout the call.

- 134-L =
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132
Chapter XXI-A

1. The number of the decoder
2, The number of the sender
2+ The number of the office code
4, The lead or lesds on whieh trouble ococurred
The meintenance operator will hear an alarm csusing him to record
the above information and release the indicator so as to make it available
for further service. Analyzing the trouble he will test either the sender

or the decoder or both if necessary in order to reproduce and locate it.

WOTE: It should be noted that in certain cases the relays as shown
in the fizures carry spring combinations which cannot be ob-
tained on a single "R" type relay but represent the switch-

ing of lesds which must be obtained.
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CHAPTER XIXII

TANDEM OFERATIONS

In many cases it is not economical to provide direct trunkc between
one office and all other offioces in the area served by a panel system, in which
case traffic to a group of offices 1s routed over a common group of trunks to a
tandem point. "Tandem" ordinarily means ™in series™, and, altho all local and
interoffice calls originating or terminatirg in & panel office employ wvarlous
equipment and circuit units in series, the term "tandem™ as used in this chapter
does not include such connections. It applies only to those connections or that
traffio whiech is routed out of the originating office over trunks which terminate
at an intermediste office, at whish some manual or mechanical operation is nec=-
8ssary in selecting a trunk from the intermediate to the terminating office,
over which the cell cen be eompleted.

Tandem trunks may be seleoted by distriet selectors in the originating
office and terminate on 2-wire office selectors at the tandem point; or they may
be selected by elther a district or a Z-wire office selector in the originating
office and terminate, - (1) as tandem RCI trunks in a Manual Tandem office, (2)
as tandem RCI trunks in a Semi-Mechanical Tandem office, or (3) as tandem trunks
connected to tandem district selector circults in a mechanical tandem office,.
Figure 1 illustrates the equipment involved in completing the warious types of
tandem connections. Since calls completed thru Manual Tandem offices have been
considered in the chepter on "Relay Call Indicetor" eguipment no further con-
sideration will be given to the equipment and operations involved in handling
this traffic.

Two-Wire 0ffice and Repeating Incoming Selector Circuits

The office selector circuits which have been considered in the previous
chapters, were 3-wire circuits located in the same building with the distriet
fremes to whose multiple banks they were connected. When it 1s desirable to use
& common group of trunks to a tandem point inmaching a group of offlices, none
of which are so far distant from the originating office as to prevent the use of
direot trunks, two-wire office selectors would be installed at the tandem point,

thus permitting completion of the ecall under direct control of the sender in the
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eriginating of'fice. A two-wire office selector c¢ircult 1s made to test busy on
the district multiple sleeve terminal as soon &as it has been selected but can
not be conirolled over the sleeve conductor as is the Z-wire office selector,.
Having been selected on a cell the two-wire office selector circuit makes brush
and group selections under control of the sender in the originating office,
selects an idle trunk in the selected group and advances into the "Selection
Beyond" position in which it remsains until Incoming and Final Selections are
completed, if the call terminates in another panel office, or until RCI pulses
have been transmitted from the originating sender to an RCI control circuit if
the call terminates at an RCI position in a manual office. In either case it
is necessary that the two-wire office selector eircuit know when to advance in-
to the talking position. On & mechanicel class call the reversal of currasnt in
the fundemsntal o¢ircuit by the incoming selector circuit when final sslections
have been completed operates & polarized relay, in the two-wire office selector,
which 1s cut-in on the "Ring" side of the fundamental eirecuit in the "Selection
Beyond" position. On an BCI eclass call the originating sender transmits a final
heavy positive pulse, after all the pulses corresponding to the office code and
number have been transmitted, so as to operate the polarized relay in the two-
wire office selector. In the talking position the trunk incoming to the tandem
point 1s connected to the trunk outgoing from the tandem point thru windings of
8 supervisory relay in the two-wire office selector circuit. This relay operates
when the ialking cirecuit is established, and its release, when the district re-
turns to normal, causes the return of the two-wire office selector circuit to
normel, Two-wire office selector circuits are provided with a "timing-out®
featurs for sdvancing the switch if the eireuit fails to ecomplete selections,
becomes "Stuck" in the "Selection Beyond" position, or fails to return to "Nor-
mal" after tha switch has been advanced beyond the "Talkling™ position.

The use of two-wire of fice selectors extends the area within whieh
calls may be completed under control of the originating sender circuit; but
where the trunk loop between the originating and terminating offices exceeds the
capability of the regular incoming snd finael selector elrouits, it 1s necessary

to use "Repeating Incoming Selector™ circuits. "Repesating Incoming Selector"
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circuits are equipped with a special commutator, end with an (L) relay of such
extrems sensitivity that it cennot perform the trunk hunting function as does
the (L) relay in e regular incoming selector circuit. 1In order that regular
final selector cirocuits can be used on ecalls through repeating incomings, the
repeating incoming is arranged so that the (L) relay in the incoming circuit
also controls final selections, the ground pulses from the final commutator
segments being repeated by the incoming to the sender circuit. With these ex-
ceptions Repeating Incoming Selector circuits operate in & similer manner to
regular incoming selector circuits. -

The use of Repeating Incoming Selector Circuits is not limited .to
traffic which is routed thru 2-wire office selesctors but it is more likely that
trunk loops will exceed the capability of the regular incoming sslectors on
traffic which is routéd thru 2-wire office selectors than on traffic which is
not so routed. ™"Repeating Incoming Selector™ circuits have also been develop-
ed for use on calls incoming from key indicator manual offices.

Full Mechanical Tandem

On calls which are completed thru a full mechanical tandem office the
trunks selected under control of the originating subseriber's sender circults
connect to tandem distriet selector eircuits in the tandem office. As soon as
the trunk has been selected on 2 particular call the tandem district selector
circuit to which this trumk connects is selected by & link ecireuit and connect-
ed to an idle full mechanical tandem sender. The present link ecircuits are of
the rotary link type, both the trunk finder and sender selector consisting of
120% type selectors. The link circuits sre allotted in rotation by an asllotter
which consists essentially of a sequence switch and a number of relays. When
the trunk has been "cut thru" to the tandem sender, the originating subscriber's
sender transmits such RCI pulses over the trunk as are required to cause the
cperation of combinations of register relays in the tandem sender corresponding
to the officee codes and number of the called line.

Since a tandem point is used in completing calls between officea in a
local area and poln*ts suburban to this area, an additional set of office codes

is used for the suburban destinations. To avoid reducing the number of latter
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codes avelleble for locel office code use suburban points are given 3-digit
numerical codes, st least one of the 3 digits being elther an ™0™ nr a "1".
(These codes are the same ones usad by the "A"™ position operators in completing
suburban toll traffic even though not routed thru a tandem point.) Since none
of the letters in the local office codes correspond to either an "O" or a "1",
the full mechenicel tandem sender can distinguish between letter codes and numer-
ical codes as recorded on the tandem code register relays by the incoming RCI
pulses, An additionel set of translator fremes 15 provided for the translation
of the numericel codes and each sender has aoccess to translator brush rods on
boath letter code translator frames and numerical oode translator frames. On each
call the sender uses a translator which corresponds to the kind of tandem code
registered. Three-digit transletion is then|made as controlled by the combina-
tion of the tandem code register relays whioch have been operated. The tandem
sander causes the tandem distriet (end office selector when used) to meke such
selections as are required. When the called office is a panel type office the
tandem sender completes the connection as & mechanical class call, and when the
called offlice is menually operated the ¢all is completed as an RCI class call.
4 3-wire or Z2-wire office selector ocirouit may be used in completing the call and
in some cases the call may be routed to a sscond tandem point. The tandem dis-
trict eircuit repeets supervision between the calling and called offices. Tan-
dem operhtion is not limited by the capability of the panel type selector cir-
cults when the tandem points are equipped with tandem senders, but is limited by
the standard of transmission to be mainteined, and by the ability to arrsmge for
the repeating of supervision at the tandem points between the oalling and caslled
offices.

Semi -Mechanical Taendem Office

The present Metrépolitan Toll office is equipped for both semi-mechan-
ical tandem snd full mechanical tandem operation. Calls incoming from manual
offices over call circult or stralghtforward trunks are handled at semi-mechani-
cal positions which sre similar in some respects to Cordless B positions and in
some respects to semi-mechanical type panel system "A™ posltions. An incoming

trunk terminates on a cordless district cireuit which is selseted by the trunk

b
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finder of & link cirouit and conmected to an 1dls sender circuit, the sender
being selected by the sender-selector part of the link. The link circuits,
which are of the panel link type, are allotted in rotation by en allotter cir-
cuit which consists essentially of a sequence switch and & number of relays.
The key set provided is similer to the key set at & semi-machanical type panel
system "A" position except that the office ocode keys are replaced by co-ordinate
keys and a chart which informs the ocperator what co-ordinate keys (one wverticel
and one horizontal) should be depressed, in addition to the numerical keys, to
reach any partioular office. Two key control cirocuits are provided for ocon-
trolling registration in the sender according to the keys depressed. The sender
oilroult makes translation in & similar manner to that in which a subseriber's
three-digit sender makes translation. The connection is completed under control

of the sender as required for the class of call involved.
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MISCELTANEOUS FRAME AND DESK EQUIPMENT

As in the mamual office, so too in the Panel system office, it is
necessary to provide a number of miscellaneous desks and frames. Some of this
equipment is similar to that used in a meanual office. Egquipment, which is used
for maintenance and the clearing of trouble, inoludes an cutgoing trunk test desk,
sender monitor positions, chief switchmen's desk, switchmen's desks, local test
desk, repair clerk's desk, and desk sender frames; that used for the sutomatic
indication of trouble or irregular operation inoludes floor alarm boards, aisle
pilot lamps and alarm baslls; and that used for traffic supervision ineludes a
chief operator's desk, assistant-chief operator's desk, and a service observing
desk, A traffic register rack equipped with message registers is furnished for
the automatic registration of traffic handled by the various groups of equipment.
SENDER KONITOR EQUIPLENT

In mo=t of the offices already instelled the sender monitor positions
are combined with outgoing trunk test positions in which case the combined desk
i= known as the "trouble desk". It i1s now the practioce to handle the sender moni
tor work at intercepting positions of the Panel system "A" board where the larger
operating foree insures prompt handling of stuck sender calls at all hours of the
day or night. The new method is the cne considered in these notes.

BEquipment Located in Panel System "A" Board

The following circuilts are located on the sender monitor positions of

the Panel system "A"™ board.
Sender Monitoring Cirouilts. There 1s a talking Jack, stuck sender

lamp, and priming jack located at the sender monitor position for each sender. 4
"mo=¢oin" lamp is provided in addition for each coln sender. A steady stuck
sender lamp indicates that the sender has been made busy by inserting a make-busy plug
in the make-busy jack, located at a ;aandar make-busy freme"; a flashing lemp in-
dicates a stuck sender or a partial dial condition. 4 steady no-coin lamp indi-
cates that no coin has been deposited on & call which requires that a coin be de=-
posited. The stuck sender and coin lamps are assoclated with a separate night
alarm cirouilt from the one assoclated with the regular panel and night alarm
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eirocuit at the other Panel system "A" positions. These lamps and talking jacks
are the ones which were mentioned in Chapter XIV.
Coin Control Monitoring Circuits - There is a talking jeck, e lamp, and

& priming jack located at the sender monitor position for each ecoin control cir-
cuit, The lamps are associated with the same buzzer and night alarm key as is
provided for the sender monitoring cirecuits. The steady lamp indicates & trouble
condition in the coin return position and a slow flash indicates a trouble con-
dition in the coin collect position.

Permanent Signal Holding Trunks - The permanent signal holding trunks

from the distriet multiple terminate at the sender monitor position of the Panel
system "A" board, there being a jack, lamp and disconnect key per circuit. These
lamps connect to the regular panel pilot and night elarm circuit in the Panel
system "A" board. 4 lamp and key associated with the permanent signal trunk over
flow circuit are mounted in the piling block and marked 05? « The lemp lights
whenever all of the permanent signal trunks from a group of frames are busy. Op-
eration of the key extinguishes the lamp.

Plugging-Up Cirouits - If the sender monitor operator is unable, on a
permanent signal condition, to get the subscriber to replace the receiver on the
hook, or if either a permanent signal or a stuck scender condition is due to
trouble on the subscriber's line, the machine switching equipment connected there-
to must be released for service; but the line must be held so that it will not
originate another ocall and so that calls to this line will be intercepted. ! such
subseriber's lines are held by conneeting them to plugging-up lines which are fur-
nished for this purpose. The plugglng-up lines origineate in a jack box at the
M.D.F. and terminate in a bridging jack and two out-off jacks at the monitor po-
sition. 4 patching cord is used in connecting a plugging-up line with a particu-
lar subseriber's line; a plug on one end of the cord is inserted in place of the
heat colls on the verticel side of the M.D.F. and the plug on the other end is in-
serted in & jack at the jack box. The plug at the L.D.F. makes separete contact
with the line outside and the line inside the office so that one of the cut-off
Jacks is connected to the line outside and the other is connected to the line in-
side the ofrice, These jacks are known as the trouble observation and test jack
and the trouble intercepting jack, respectively. This arrangement also permits
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testing the outside and inside line separately by the use of the test cord which

connects to the local test desk.
Trunks Transferred from Repair Clerk's Desk - For night service certain
trunks inooming to the repair olerk's desk oan be transferred by operation of a

key so as to connect to answering jacks located at the sender monitor positions.
The lamps associated with these jacks connect to the panel pilot and regular

night alarm e¢irouit in the Fanel system "A"™ board.
All Senders Busy Alarm - 4 group of lamps for all senders busy alarm

gircuits, which are located on the floor alarm board, are multipled at the sender
monitor position; they are not connected with a pilot lamp or night alarm cireuit

Tie Lines to Sender Make-Busy Frame - 4 tie line 1s provided between the
sender monitor positions in the Panel system "A"™ board and the sender make-busy
frame., This line is a two-way automatic circuit terminating at the Panel system
"A"™ board in an answering jeck and lamp for incoming service, and an outgoing
trunk jack for outgoing service. The cirouit terminates in a lamp and key on the
make-busy frame, and a multiple of the line eppears at the chief switchman's desk
and at the outgoing trunk test desk, if specified.

Tie Lines to Repair Clerk's Desk - The tie lines between the repair

clerk's test desk and Panel system "A"™ board are all terminated at the sender
monitor position instead of at special service positions, as was formerly the case
in those offioes where the sender monitor positions are combined with the out-
going trunk test positions at the trouble desk.

Cord Circuits - The cord cireuits used on the sender monitor position=

of the Panel system "A"™ board are the same as regular intercepting cords, except
thaet coin ocolleot and return keys are provided when required, One emergency com-
pleting ocord is provided for completing emergency cells which come in over a
sender supervisory circuit; the use of this cord connects the subseriber's line
to a speoial service operator, but the sender monitor can remain in on the conneo-
tion to assist in passing the necessary information to the special servize opera-
tor.

Test ocords whioh comnect to lines from the local test desk are also
provided at the sender monitor position, and a call circuit is provided between
the sender monitor and test desk so that information may be passed relative to
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the use of the test cords. The keyshelves used at the regular intercepting posi-
tions are modified as regquired for use by a sender monitor operator.

Equipment Loocated in Switch Room

A sender make-busy frame is associated with the subseriber's sender test
frame which is located in the switoh room, On the meke-busy frame is mounted the
equipment for the following circuits.
4 stuck sender lamp circuit and a make-busy jack for each sub-
soriber's sender. No pilot or aslarm is provided for this eir-
cuit, When a sender is to be made busy a meke-busy plug 1s
inserted in the make-busy jack, thus lighting the stuck sender

lamp at the sender monitor position as was previously deseribed.

All-senders busy alarm circuits for subseribers' senders with
which are assoclated aisle pilot lamps and a sender alarm bell
which rings steadily; additional pilot lamps are located at the

floor alarm and main alarm boards.
Tie line and talking circuits to other desks.

The equipment for miscellaneous cirocuits is located elsewhere in the
switch room as follows:
Make-busy Jacks for "A"™ operators' local tendem and cordless "B"
senders are located on the sender test frames which are used for

testing these senders,

Stuck sender lamps and the all-senders busy alarm cirocuits for
local tendem senders are located on the local sender test frame.
The stuck sender lamps light steadily regardless of the stage
at which the trouble condition occcurs. 4n audible signel is op-
erated when any one of the sender lamps i1s lighted. When a
make-busy plug is inserted in the make-busy jack the alarm is

retired. If any sender becomss stuck the alarm egain operates.

liiscellaneous alarm pilots are located in the floor alarm board on the
same floor with the chief switohman's desk, this alarm board being

known as the main alarm board.
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LOCAL TEST DESK
4 local test desk is provided for use in testing subscribers’ lines,
outside cable pairs, and switchboard multiple., Where there is more than one of-
fice in a building the one test desk serves all of the units, both manual and ma-
chine switohing. In some cases this testing 1is centralized in one test desk for
a part or all of the offices in an area. The desk is made up of as many one po-
sition units as are required to take care of this work. Testing and recording
keys and testing cords are mounted in the keyshelf, while key ended trunks and
Jack ended lines appear in the face of the position. A4 volt-milliammeter is mlso
mounted in the face of each position.
The following key ended trunks are provided, a lever type key and lamp
being associated with each.
One-way trunks from final frames, which provide means for obtaining

a connection to the local test desk through the exchange apparatus,

Two-way talking lines between loocal stations and the test desk.
The local stations are regular subscribers' well sets used by the
maintenance force in talking to the test man at the local and out-

goilng trunk test desks, the lines beling multipled to both,.

A two-way trunk for use in receiving or origineting a call at the

local test desk.

Two-way 3 wire automsatic trunks for use in communicating with
the assistant chief operator, chief switchman, Sender Make Busy

Freme, and Trouble Desk.
Two wire automatic trunk line to Toll Board.
Three wire automatic trunk line to Panel system "4A" switchboerd.

The following key ended trunks terminete on push button type keys:
Trunks for talking on lines that are bridged to other lines, on

which common battery supervision is required.

Trunks for telking on lines that are bridged to other lines, on

which common battery supervision is not required.
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Trunks to other test desks (private line system).
Trunk lines to ™B" supervisor's sets in manual central offices.

The following test lines are provided at the local test desk with each
of which is associlated & jack, a lamp with a red cap, a lemp with a white ecap,

and a key.

Test lines to incoming test selectors located on a regular incoming
frams for use in testing subscribers® lines., To make a test the
plug of a test cord is inserted in the jack, the number of the line
to be tested is written up on the numeriocal recording keys and the
sender associated with this cord ocauses the line to be selsoted.
Voltmeter teste are then made by the operation of the various test
keys. These trunks are multipled before each position; the red
lamp is a busy lamp which lights at all positions except the ome

at which a plug is inserted, and the white lamp is a supervisory
lamp which lights when the plug 1s withdrawn from the jack after
connection has been established, The disconnect key is operated

when the test man is ready to release the connection.

Test lines to sender monitor positions for use in comnecting the
test cords at the test desk to the plugging up lines located at

the sender monitor positions.

Test lines from distriot or office multiple which are selectad
when a special code 15 dialsd by ean outside trouble man on a line
which he wishes to have tested. The subscriber's line is tested

thru this connection.

Two test lines to the MDF used in connecting to the subscribers'
lines at the vertical side of the MDF. These lines terminate in
8 jack box at the MDF and are connected to subseriber's lines by
a patohing cord; the plug &t one end 1s inserted in a jack in the
Jack box and the plug at the other end of the patching cord is
inserted in place of the heat colls meking separate connections

with the line outside the office and the line inside the office.
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The test line terminates at the test desk in a bridging jack for
listening and two cut-off jacks; one of the out-off jacks is known
as a trouble observation jack and connects thru the test line and
patching cord to the line outside the office, while the other cut-
off jack is known as a trouble intercepting jack and unnnaotﬁ to

the line terminals inside the offioce,

Two test lines to MIDF and IDF for detecting intermittent trouble.
Eaoh line originstes in a plug at the LDF which 1s inserted in
place of the hesat coils, in a plug at the IDF which connects to
the line sleeve lead, and in a clip on the line finder frame for
connecting to the armature of the line relay, The line terminates
on the test desk in a bridging jack and two cut-off jacks with
whioh are associated three lamps and two keys. 4 lighted red lamp
indicates that the subseriber's line is busy, a lighted green lamp
indicates a ground or eross on the outside, and a lighted white
lamp indicates a ground or oross inside the office, One key 1is
used to monitor on & line while the other key is used to distinguish
between an individual line and e line of a F.B.X. group.

The following equipment is provided in the keyshelf of local test desk
positions:

Call circult keys for connecting the test man with operators

at the Panel system "4A"™ board.

Ringing keys, for ringing on the primary test cord and for

ringing on the secondary test cord,

A primery test cord, which is used in meking ground, foreign
battery, resistance, talking, ringing, transmission, coin collect,
line insulation breakdown, and loop tests requiring the use of a

Wheatstone Bridge.

A secondary test ocord which is arranged for making only those
tests which do not involve the use of the volt-milliammeter and
Wheatstone Bridge and which is arranged for applying mechine
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ringing, the howler, dial test and the sounder. The primary and
secondary test desk cord cirocuits can be interchanged, with re-
spect to the cords, by operation of a test cord interchange key
nym

A sounder cord which is used to show intermittent ground, short-
oircuit, or open oconditions on a line. When trying to locate an
intermittent short eircuilt or ground the cord is connected, to
the line under test in sueh a manner as to cause the operation of
a sounder (or buzzer) when a short cirouit or ground comes on the
line; and when trying to locate an intermittent open, the cord is
connected to the line in such a manner as to oause the operation

of the sounder (or buzzer) when the line goes open.

A Wheatstone Bridge cord and circuit, which is used in making
kKurrary and Varley loop tests is oontrolled by keyes which set up

the circuit conditions for either of these tests.

4 howler key, whose operation applies a graduated howler tone
to the line into which the secondary test cord is plugged.

A dial test key, whose operation connects the secondary test cord
with the dial test apparatus. The "dial tester” is wall mounted
and is used either from the looal test desk or directly from a
subsoriber's line over a special test line from the distriet or
office multiple, 4 dial tone is transmitted to the subscriber's
station as soon as the test apparatus is ready to receive pulses
and after the pulses have been recelved a tone 1ls transmitted to
indicate the results of the test. The tone thus transmitted in-

dioates either a slow, an "0O.K.", or a fast dial.

An insulation breakdown test key, whose operation applies a 200
volt breakdown potential. The maximm voltage is applied and re-
moved graduslly.

DESK SENDER FRAME
A desk sender frame is provided which has space for mounting the ap-
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paratus assoclated with seven teat desk senders and seven howler c¢irocults which
inoludes sequence switches, power driven interrupters, 200 type seleotors, re-
tard coils, relays, resistances, oondensers and e fuse panel. The sender re-
ceives the registration from the numerical recording keys at the test desk posi-
tion and controls incoming and final sslections.

QUTGOING TRUNK TEST DESK OR TROUBLE DESK
An outgoing-trunk test desk is provided primarily for testing outgoing

inter-offiee trunks and for meking these trunks busy, when out of service. The
desk is made up of as many two positicn sections as are required to take ocare of
this work, the outgoing trunks being multipled to test and make-busy jacks in
the face of the desk. The test equipment 1s essentially the same as that at the
local test desk, whioh has already been desoribed. The tip and ring conductors
of eaoh trunk are connected to the test jack and the sleeve conductor is con-
nected to the make-busy jack, Where a trunk distributing frame is used theswe
jacks are wired to this frame but where the outgoing trunks are wired direcotly
from the seleotor mnltiﬁle to the horizontal side of the MDF the jacks are also
wired to the MDF. Designation strips indicate the distrioct or office bank to
which these trunks are connected and on what frames they are multipled,

Key ended talking lines provide for communication with the looal test,
repair clerk's, chief operator's, and switchmen's desks, with local station
telephones, and with the various equipment frames; two of these lines may be
associated with each key, Two-way trunk lines are furnished for orizinating
calls from and completing calls to the 0.G.T. desk thru the regular Panel system
equipment, Test desk lines are also provided direotly to the test desks in dis-
tant offices.

REPAIR CLERK'S DESK

A repair clerk's desk is provided adjacent to the loeal test desk for
handling trouble reports from subscribers. 4 card file is located at this dask
in which there is & card for each subseriber's line, On the eard is recorded
the cabls pair and terminal box deta, the date of installation, all troubles re-
ported concerning the line, and their disposition. The lines terminating et a
repair clerk's desk are key ended, leaving the desk space free for writing up the
trouble tickets end making the records on the cards. The circults provided in-

clude:
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Lines from district or office multiple which are selected when a

subseriber dials the repair oclerk's code 611,

Lines from final and line finder frames whioh provide for communi-

cation both to and from the repair eclerk's desk through the regular

axchangs apparatus.,

Two-way tie lines from the sender monitor positions, outgoing
trunk test desk, speoial service operators' positions of the

Panel system "A" board, and the commeroial offics.

An operator's telephone eircult to which anmy line iz cgnnected

by operation of the indiwidual trunk key.

TRAFFIC DESKS
The traffic desks in a panel machine switching office are an assistant

ehief operator's desk and a chief operator's desk. In some cases only the as-
sistant ochief operator's desk 1s furnished.

| The assistant chief operator's desk is a flat top double sided desk on
which is mounted a turret arranged for key ended and jack ended trunks on both
front and rear. Two-way key ended lines are multipled to both sides of the tur-
ret for use by the assistant chief operator on one side and the clerk on the
other side in establishing and receiving ealls. These lines inelude trunks from
the final frame, loosl test desk, outgolng trunk test desk, sender monitor posi-
tions, chief operator's desk. Monltoring lines to Panel system "A" and cordless
"3" pperators and supervisors are jack ended either on one or both side of the
turret, ZEach side of the desk is provided with a }elaphnne cirecuit, a monitor-
inz cord, a flashing key, a transmitter cut-out key, and a key for conneeting the
monitoring cord to the telephone circuit.

The chief operator's desk is a single or double sided flat top desk on
which is mounted a small key box, Two lines from the finasl multiple, one liine to
the assistant chief operator, and one monitoring line from the assistant chief
operator are provided, together with a telephone set and circuit.

SZRVICE OBSERVING DESE
A service observing desk is provided in & machine switching office for

- 149 -

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



Course A-132

Chapter XXIIT
use by the Treffic Department in making observations on ocalls in determining the
guality of service beling rendered by the office., The service observer can follow
the progress of & call from the time it 1s originated until the connection has
been released. The desk 1s an ordinary flat top desk on whieh is mounted a tur-
ret containing the lines and supervisory signals, operator's telephone circuit
and econtrol keys. It has a capacity of sixty service observing trunks which ter-
minate in a jack box at the IDF; 40 are used for observing on subscribers' lines
and the other 20 may be used for observing on miseellaneocus trunks. Any sub-
soriber's line is connected to one of these trunks by the use of a plug-ended
patching cord, the plug at one end being inserted in a jack at the jack box and
the plug at the other end being attached to the line terminsls on the vertical
side of the IDF. When a call is originated on one of the subscriber's lines,
which are conneoted to these trumnks, it is nutumntingllr connected and loeked in
on the operator's telephone set. The other lines are locked out until the
valling subscriber replaces the receiver on the hook. A pen register is provided
for recording the dial pulses received, so that the number actually dialed by the
subseriber cen be determined and errors in the manipulation of the disl oan be
checked, When it is evident that an error has been made by the machine switching
equipment the connection can be held, by putting & bridge across the line. Fro-

vision is also made for telking with a subsoriber who has encountered diffieculty

in making a call.

TRAFFIC REGISTER RACK
A unit type traffic register rack is provided on which are mounted the

traffio registers used in full mechanical equipments to record the traffic
hendled by groups of line finder, sender, office selsctor, incoming selector, and
final seleotor cirocuits; these registers are known as "group" registers, Other
registers known as "all trunks busy" or "overflow" registers are provided for in-
dicating the fregquenecy with which a seleoctor finds all trunks busy. On the rack
is mounted such relay, key, fuse and terminal strip equipment as is required for

the reglister cireuits.

SWITCHMEN'S LESKS
A chief switchman's desk