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XB-1
ARRANGEMENT OF -FRINARY AND SECCNDARY SWITCHES

The number of primary switcnes on a line link frame varies
according to the calling rate of the svbscribers on that frame. There
will be at least two columnus on a line link frame, the first column
serving 90 lines and all other columns serving 100 lines each. The
reason only 90 lines are available in the first column is because the
zero vertical of each switch in that column is used for no test calls.

In all cases except on two-party frames, two columns will be
equipped with ten 200-point switches; these switches having four contacts
at each cross point, "T," "R," "S" and "M1" leads. Since two-party lines
need five contacts at each cross point to include the "M2" lead, the 100-
point switch is used; that is, one with ten hold magnets or verticals
instead of 20 as on the 20C-point swi tch.

As shown on Drawing XB-1 there are thirty 20C-point vrimary
switches to serve six columns. The horizontal voints of each primary
switch in each horizontal grouv sre multipled. The horizontal point of
any primary switch from which the line link is wired corresponds to the
secondary switch number on which it terminates and the horizontal point
it is connected to on the secondary switch corresponds to the primary
switch number.

There are ten secondary switches each having ten district
Jjunctors and ten line junctors. The district junctors are used for
originating calls and the line junctors are used for terminating calls.

The paths between the primary and secondary switches are known
as line links. There are ten line links from each horizontal grouy of
primary switches with one line link wired to each secondary switch making
a total of 100 line links per frame.

On the horizontal side of M.D.F., blocks are numbered to corre-
spond to the column number of the line link frame and each block consists
of lugs numbered from 00 to 99. The numbders GO to 09 are for subscribers
located on the zero primary switch of that column and likewise SO to 99
are for subecribers located on number nine primary switch.

The hundred line junctors are wired from incoming link frames
and are multipled to another line link frame which is in the same half
choice. The meaning of a half choice will be explained when studying a
terminating call. The hundred district junctors can be multipled to
several other line link fremes as required.

A link is a connecting path between primary and secondary
1 switches, taking its name from the frame on which it is located; that is,
J those on line link frames are called line links and on district link
frames, district links - office link frames, office links, etc.

2 n two frames, taking its
name from the frame it is connecting to; that is, line link frame to
district link Fframe dst called a diskriet junctor; district link frame to
office 1link frame an office Jjunctor, and an incoming link frame to a
line link frame, a line junctor.
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START AND HORIZONTAL GROUP SELECTION

We will assume the subscriber located in column 03, switch ©
and vertical 9 is originating a call. When the subscriber removes the
receiver from the hook a circuit is closed to operate the line or (L)
relay associated with 03-59. Ground is closed over the start lead
associated with that (L) relay (this lead is common to the ten (L) relays
of this switch and column). The start lead goes through a normal contact
of the (H5) relay (since this subscriber is on a number 5 primary switch)
and operates relays (HAS) and (HBS).

Relay (HAS) closes a circuit for operating relay (CA) and (HB5)
closes a circuit for operating relay (CB). Relays (CA) and (CB) are
arranged in a chain circuit and since relay (CB) is slow to operate, relay
(CA) will normally operate and remove the operating circuit of relay (CB).
Relay (HA5) locks around the break contact of relay (GTA) to the same line
relay ground to which it operated. The operation of relay (CA) causes the
operation of relay (FA). Relay (FA) on the "home" frame and relay (FB) on
the "mate" frame are arranged in a chain circuit so that both frames
cannot seize the same control circuit at the same time. If the mate frame
used the control circuit of this frame its (FB) relay would operate, there-
fore, the operating path of the "home" frame (FA) relay is through a
normal contact of the (FB) relay in the mate frame to be sure the "home"
control circuit is not in use serving the mate frame. With relay (FA)
operated it causes relays (AC), (HCO), (HC1l), HC2) and (HC3) to operate
if the "home" control circuit has returned to normal which is indicated
by relay (RL) being normal. The (AC) and (HCO-3) relays are known as the
connector relays and connect the frame to the "home" control circuit,
these relays lock under control of relay (FA).

Relay (GTA) operates from ground on a make contact of relay
(AC). Relay (GTA) is known as a gate relay, with this relay operated,
calls from other horizontals cannot operate their (HA-) relay until relay
(GTA) has released and it will not release until all horizontals which
have their (HA) relay operated have been served.

Relay (GTA) operated closed a ground to operate a (HG) relay.
The number of (HG) relay will correspond to the lowest number (HA) relay
operated. In this case we have assumed relay (HAS) is operated, there-
fore, relay (HGS) will operate.

The (EA) and (EB) jacks are known as exercise "A" and exercise

"B" jacks. They are used to force calls into the "A" side or the "B"
side of frame.
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XB-3

VERTTCAT, GROUP SELECTION

Relays (VO) to (V6) operate over the "VGO" to "VG6" lead
through make contact of (HG-) relay, normal contacts of (H-) to ground
on the operated (L) relay. Relay (TT) operates from ground supplied by
the operated (V) relays. Relay (VT) now operates through the make
contacts of all (V) relays, make of (TT), make of (HC3), make of (HG-),
normsl of (H-) to ground on the operated (L). Relay (VI) operated (1)
locks in series with relay (VS) over lead "MC" to ground on relay (AC),
but relay (VS) remains shunted at this time until relay (H-) operates,
(2) closes its locking ground over the "TL" lead to operate relay (H-)
and (3) removes the shunt from (S) relay permitting it to operate in
series with relay (HA-). The (HA-) relay holds in series with relay (S).

When relay (H-) operated it separated the operating leads of
the (V) relays, leaving only those leads grounded that correspond to
the vertical groups containing the calling lines, and removes the shunt
around relay (VS) allowing it to operate. Relays (VS) and (VT) are now
held in series until the control circuit is released. Relay (VS)
operated closes relay (VE) to a chain circuit through the (V0) to (V6)
relays, to an operated (V) relay to ground on the "ST" lead of the
operated (L) relay. Relay (VE) operated (1) opens the operating paths
of the non-operated (V) relays to prevent any other (V) relays from
operating during the progress of this call, (2) closes ground through
relay (S) operated to the lowest number operated (V) relay over the "VS"
lead through the operated (HG-) relay to operate the (LR) and (HM) relays.
One (LR) and (BM) relay is associated with each ten lines on a primary
switch.
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XB-4

LINE STLECTION AND IDENTIFICATION

When the (IR) relay operated the calling line could have been
any one of a possible ten. Ground on the "LT" lead from the operated (L)
relay operates the corresponding number (IT) relay. Assume the calling
subscriber is located on 03-59, then relay (1L9) would be operated and in
turn operate relay (LT9) after relay (IR) operated. Ground over the
lowest numbered "LR" lead and operated (LT-) relay in the chain, operates
the (RE) relay. The lowest numbered (LT) relay operated also closes
ground to the subscriber's sender link and control circuit over the "DP-!
lead to indicate the district junctor preference and also sender prefer-
ence of a selected sub-group. The "L" leads from the (LT) relays are
cross-connected to a "CS-" terminal to indicate to the sender the class
of service making the call.

Relay (RE) operated (1) closes ground to the "DM" lead to the
dial tone delay register (see XB-256), (2) opens a circuit to the (RL)
relay winding (see XB-9), (3) opens the "ON" lead (see XB-9) and (4)
operates the (LS) relay to the ground used to operate the lowest
numbered (LT) relay. Relay (LS) operated, (1) locks to the same ground
that holds the (LT) relay operated, (2) operates the (LE) relay, (3)
closes a loéking ground to hold the (V) and (VE) relays when the (L) relay
is released (see XB-3), (4) closes the "RL" lead in part (sece XB-9), (5)
closes ground to the (DS) relay for future use on the "DF" leads (see
XB-7), and (8) opens one circuit to the winding of relay (SR) (see XB-3).
Relay (LE) operated, prevents the operation of other (LT) relays.

In the event of a line (L) relay operating only enough to close
the "ST" lead but not its "LT" lead none of the relays (LTO) to (LT9) or
(RE) will be operated, when relay (SR) releases a circuit is closed to
opverate relay (LS) which in turn operates relay (AP) to light the (AL)
lamp and sound the minor alarm. The (RL) relay will be operated by the
sender link and control circuit causing the line link group and control
circuit to release.
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DISTRICT JUNCTOR GRCUE TEST - REGULAR AND RESERVE

Aepular Grown Test

When the (HG-) relay operated as a result of horizontal grouo
selection, relays (TO) to (T9) were connected to the sleeves of the ten
line links at the secondary switches serving that horizontal group. The
(T) relays corresponding to busy line links will operate under this condi-
tion to the busy ground on the sleeve leads supplied from the district or
incoming junctor circuit. Relays (TT) and (VT) were operated during
vertical group selection (see XB-3).

Relays (GO) to (G9) may now be operated if their "TA" or "TB
lead has ground on it from the sender link and control circuit and its
associated (T) relay is normal, indicating the line link between the
vrimary switch making the call and the secondary switch serving the ten
district junctors is idle or is not made busy. The subscriber's sender
link and control circuit will ground the "TA" or "TB" lead if thsre are
at least two idle district junctors ian the grouv of ten, indicated by the
(CA) or (CB) relay in the subscriber's sender link and control circuit
being normal. The (DP) relay normal indicates the sender link and control
circuit is not in use and there is an idle sender with an available path
to that sender. All or none of the (G) relays moy operate at this time
depending upon the equipment available. If ons or more (G) relays operate
the preferred group of ten district junctors will be selected. 'If none
operate the reserve test will be made.

Begerve Group Test

Slow release (SR) relay overated as soon as relay (HC1) operated.
During vertical group selection relay (VE) operated closing the winding of
relay (PA) to the "DA" leads of sender link frames serving district
Junctors on this line link frame, if any of the sender link frames are
idle and has an idle district junctor, its (DP) relay will be normal .
operating relay (PA); this ovens one of the operating paths of relay (SR).
When relay (LS) operated during line selection the other holding circuit
for relay (SR) was opened, starting the release of slow release (SR) relay.
With relay (SR) normal relays (RSA) and (RS) will operate if relay (PA) has
operated due to an available sender link and control circuit and relay (DS)
is normal indicating a group of district junctors have not been selected on
the regular test.

With relays (RSA) and (RS) operated the operating vath for the
(G) relays are now closed over the "RA" and "RB" leads; these leads will be
grounded if there is at least one idle district junctor in a group of ten
with an idle sender link control and an available path to an idle sender.

If none of the (G) relays should operate at this time the dial
tono delay circuit operates the (RL) relay and releases the control circuit
(see XB-256).

If a terminating marker is waiting to be served when relay (SR)
releases and no (G) reisy is operated, the marker can immediately release
the control circuit, witnout waiting for ground on lead "DK" from the dial
tone delay circuit, by connecting ground to lead "ILR" which is connected
to lead "DK" and uses same path as shown in XB-256 to operate relay (RL).
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XB-8

=
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CONTHO L CIRCULT

As explained in XB-5, one or more of the (G) relays have been
opverated. We will assume relay (RP) is normal (this relay changes its
osition after each call - see XB-10). Under this condition if relay

(GO) is operated it will have yreference over the other (G) relays.
Lead "DO" will have resistance battery place on it to operate the (DO)
relay of this line link frame. With the (DO} relay operated (1) it
closes a ground on lead GP to the subscriber's sender link and control
circuit which serves this group of 20 district junctors, and operates
a (GP) relay in that circuit corresponding to the location of these
district junctors on that frame; the operated (GP) relay in turn
operates its (G) relay to ground the "SIL" lead to the line link frame.
Ground on the "SL" lead omscrates the (GE) relay and locks in the
oreferred (G) relay.

When relay (GE) operated it opened the operating vaths for
all (G) relays, operates relay (35) and ovens the "DA" lead to release
relay (PA) - see XB-5, opens the circuit to relays (RS) and (RSA)
dllowing them tec release if operated (see XB-5H).
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XB-7

When a sender link and control circuit was associated with
this line link and control circuit relay (DS) operated (see XB-6). Relay
(LS) operated during line selection and identification (see XB-4). C(round
is now closed to operate the relay (DF) associated with the operated (D)
relay. Relay (DF) operated closes ground from the operated (TT) relay to
operate either the (DA) or (DB) relay associated with the (DF) relay.
This determines which ten of the selected 20 district junctors is to be
used. If relay (DA) operated it would operate relay (BA) in the sub-
scriber sender link and control, likewise if relay (DB) operatea it would
operate relay (BB). If the (G) relay operated is an even numbered relay
the (DA) relay will operate, likewise if it is odd numbered relay the (DB)
relay will operate. Relay (DF) operated closes the five "DP" leads
through to the sender link and control cireuit; the lead grounded is
determined by the (LT-) relay operated. The ground on the "Dp" lead indi-
cates the district junctor preference desired to the sender link and con-
trol. Relays (DA) or (DB) operated connects ground to operate the select
magnets on the primary switches corresponding in number to bthe secondary
switch on which the selected district junctors are located. These re-
lays also close through the "SH" leads to operate the secondary hold mag-
net corresponding to the selected district junctor.

The secondary switch serving the selected group of district
Jjunctors has a select magnet operated which is associated with the
operated (HG-) relay, the cross points on the secondary switch are
now closed to the district junctor on the horizontal corresponding
to the horizontal group of primary switches the calling subscriber
is located in.
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XB-8

OPERATION OF LINE HOLD MAGNET

As has been explained the operation of the secondary hold
magnet closed the cross points on the secondary switch which with
ground from the sleeve of the selected district junctor will operate
the (T) relay corresponding to the secondary switch number being used.
With the (T) relay operated ground is closed from a normal contact of
the (RL) relay in the subscriber sender link and control circuit through
the only (G) relay operated at this time to the (LT) relays; the lowest
number, one of which is operated, will pass the ground on to operate the
calling subscriber's primary hold magnet. Only one (HM) relay on the line
link frame is operated, therefore, the proper primary hcold magnet will be
operated.
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XB-9

INDICATION TO SENDER THAT PRI

Ofar's

AYD SEC. HOLD MAGNETS

HAVE OPERATED AND OPERATIQN OF LINE LINK (RL) RELAY

When the primary hold magnet ovperated it opened the operating
path for the subscriber's (L) relay, causing it to release. The
release of the (L) relay removed the ground from the "LT" lead, which
released the (RE) relay. With relay (RE) normal ground is placed on
the "ON" lead to the subscriber's sender link circuit and on to the
subscriber's sender to operate its (ON1) relay. The sender will now
give the subscriber dial tone as shown on ¥B-50 and also proceed to
operate relay (RL) of the subscriber sender link and control circuit as
shown on XB-53.

With the (RL) relay in the subscriber's sender link and
control circuit operated a path is closed from ground at the operated
(A) hold magnet on the primary switch of the sender link and control
circuit, through the district junctor over its sleeve to the closed
cross points on the secondary and primary switch, operated (EM), (HC2),
operated (LT-) and (IT) chain, operated (DS), (G-), (T-), (HC3) and
(D-) to the subscriber's sender link circuit over the "H" lead through
the transfer key (B), operated RL, normal GH relay, transfer key (B) to
the line link over lead "RL', operated (D-), (HC3), (LS), normal (RE)
to battery of the (RL) relay to operate this relay in the line link
control circuit.
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XB-10

REGULAR RELEASE AND BOTATION OF DISTRICT GROUP PREFERENCE

Relay (RL) operated, (1) locks to relays (TT), (Pa), (VS), (LE),
(HC3), and (AC) operated, (2) also locks to the (RP) and (PR) if both are
operated or normal at the time (RL) is operated, (3) releases relay (TT)
which removes ground from leads "GP' (see XB-6) and "A" or "B" causing
(DA) or (DB) relays to release (see XB-7), which in turn causes the
sender link and control circuit to remove ground from lead "SL" thus
releasing relays (G) and (GE), relay (GE) released releases, relay (DS)
(see XB-6), relay (G) released causes relays (D) and (DF) to release
(see XB-6 and XB-7), (4) removes ground used to operate relays (HC) and
(AC) (see SB-2), (B) release primary select magnets (see XB-7).

When relay (DS) releases, relay (LA) operates. Relay (La)
operated, (1) releases relay (TA) if operated (see XB-11), (2) opens the
operate circuit of relay (FA) allowing it to release when relay (TA) is
normal, (3) opens the locking circuit to relay (HA) causing it to
release and (4) releases relay (HG). Relay (HG) released, releases the
secondary select magnets and the (T) relays which were operated during
the call. Relay (FA) released, releases the (HC) relays and relay (AC).
This causes relays (EM), (IR), (1a), (vs), (¥vT), (1s), (IT), (LE), (8)
and (VE) to release.

When RL relay first operated it caused relay (RP) to operate
if normal or to release if operated. Assume relays (RP) and (PR) were
both normal before relay (RL) operated. When it did operate relay (RP)
would operate and lock to ground on its own make contact but relay (FR)
would have its battery shunted as long as relay (RL) was operated. When
all locking paths for relay (RL) are removed it releases, allowing relay
(PR) to operate to ground at the make contact of relay (RP)., 1If both
(RP) and (PR) had been operated before relay (RL) operated, then when it
did operate, relay (RP) would be shunted down, but (PR} held operated
until (RL) released, leaving them both normal at the end of the call.

The purpose of changing the position of relay (RP) after each

call is to insure a change in district group preference during periods
of light traffie,
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TIMING CIRCUIT
22l

Bach two line link frames are arranged to work as mates, so if
trouble develops in the contrecl circuit of either frame, it will continue
to serve its subscribers, using the control circuit of its mate frame.
Under this condition the two mate frames use the control circuit of one

£ them as a common control circuit, calls being served alternately on
the two frames.

When a subscriber starts a call relay (CA) operates as shown on
XB-2, grounding the armature of interrupter (IA). When the IA interrupter
makes its "B" contact, relay (TA) operates and locks. If the call is
cleared before the "F" contact of (IA) interrupter makes the circuit func-
tions in the regular manner and timing relays restore. However, if the
"P' contact makes before the start ground is opened, relay (TAl) operates.
Relay (TA1) operated opens the ground supply for relays (CA) and (FA)
shown on XB-2, (1) causing the frame to disconnect from the control circuit,
(2} supplements the start ground on the (IA) interrupter and locks relay
(Ta), (3) holds relays HA and H, (4) provides an operating circuit for
relay (TA2) from contact "B" of interrupter.

The operation of relay (TA2), (1) removes one locking path of
(TA1) relay, (2) lights the (AL) lamp, (3) operates the alarm and aisle
pilot, (4) locks to (TR) key, (5) removes batterv supply feeding relays
(ca), (Fa), (1a), (AC) and HC which release (see Xb—u\. The release of
relay (C4) removes the last path for locking (TAl). The (TAl) released,
removes ground holding the (HA) and (H) relays and the call will proceed
to function over the "BY side of frame into the control circuit.

The "A" side of the start circuit is now out of service and
subsequent calls proceed through the "B" gide of the frame into the mate
control circuit.

If the trouble that caused the time alarm condition was in the
control circuit, no further time out will occur after the initial time out
had teken place. If, however, the trouble was in the frame equirment and
a call is blocked after starting through the "B" side of start circuit,
relays (TB), (TBl) and (TB2) will function to remove the "B" side of frame
from service. The operation of relay (TBl), opens the locking circuit for
relay (TA2) and restores the “A" side of frame to service. ZTach time a
call is blocked, a transfer is made from one side of start circuit to the
other, Approximately six seconds is allowed to serve eachk call before an
alarm functions.

When alarms have been coming in on & frame and the trouble has
not been located due to the transfer., a 298-A plug may be inserted in the
(H) or hold jack to prevent operating the (TAl) or (TB1) relays as the
case may be, but provides a path to operate the (M) relay at a time when
the (TA1) or (TB1) relay would normally operate. Relay (M) operated sounds
the major alarm and lights the red (MA) light of the associated frame.

With this condition the switchman can observe how far the call has advanced
and determine where the circuit failure occurred.
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XB-11
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2 Pages

Maintenance Forces are cautioned to take these readings
quickly and remove plug from the (H) jack as both originating and termi-
nating calls are blocked under this condition.

When the mate frame control circuit is plugged busy, indicated
by its (MB) relay operated, the (M) reiay will operate when the (TAl)
relay operates, sounding the major alarm. Should the (TAl) relay stick
up or be falsely operated and a time out occurs to operate relay (TBl),
the (M) relay will also operate under this condition.
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When the line link frame determined which group of 20 district
Jjunctors were to be used for the call it placed ground on the "GP" lead
to operate a (GP) relay in the sender link and control circuit serving
that group of districts, see XB~6. There are 100 district junctors
associated with a sender link and control circuit. They are divided into
five groups of 20, lmowm as groups 0-4.

One or all (GPQ) to (GP4) relays may operate simultaneously de-
pending upon the number of line link and group control circuits that may
be trying to serve calls at the same instant. Only one (GP-) relay will
be effective if more than one has operated and this relay (1) operates
the (G-) relay associated with it, (2) connects tne sender group vrefer-
ence battery from resistance (J) to an (3G-) relay and (3) operates
relay (RS).

The operated (G-) relay (1) connects ground to lead "OG" caus-
ing relay (ON) to operate, (2) connects ground to "SL" lead of the line
link and group control circuit as an indication that the call will be
served by some district of the associated group of 20 district junctors,
see XB-B, and (3) closes a number of other leads which will be explained
later. The operation of relay (RS) operates relay (DE}. Relay (ON)
operated: (1) opens the operating circuit of the (GFO) to (GP4) relays
so that none of these relays can reoverate until relay (ON) releases at

the completion of the call, (2) operates relay (ON1) ard (3) grounds the
off normal ground lead. BRelay (ON1) overated (1) operates relays (DFO)
to (DP4), (2) locks to the off normal ground lead znd (3) overates relay
(18),

The operation of relays (DEO) to (DP4) removes ground from the
TA, TE, ®A, BB and DA leazds to lire link frames, thus causing all five
of the associated district groups to test busy to the line link frames
using these district junctors.
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When a (G-) relay operates it closes ten "GI" leads through to
off normal contacts of (C) hold magnets on the secondary switches which
may be used as sender links between the primary switches on which the
selected group of district junctors are located and the five secondary
switches which serve the ten sub-groups of senders. F¥rom the normal
contacts of the (c¢) hold magnets to normal contacts of relays (R1} and (R2)
cver "GT" leads to relays on the miscellaneous relay frame, if the sub-
group is not in use the (SGE) relay will be normal and if &ll senders are
not busy or the sub-group made busy relay (SGB) will be normal, if relay
(SGB) is operated it will operate the (GB-) relay in the sender link and
control circuit opening the operating path for the (5G-) relay. When a
sender is idle its (SB-) relay is normal. With any two of the (SB-)
relays in a sub-groupr normal the "GI" lead will be grounded, operating the
(SG-) relay in the sender link and control circuit, indicating (1) that
there are at least two senders in the sub-group idle, (2) the group is not
made busy and (3) not being used by another sender link and control circuit,
(4) that there is an idle sender link between the primary switch being used
and the secondary switch serving the sub-group of senders.

Reserve

e —

ender Group Test

If sender sub-group selection has not been made before relay (DS}

operates, this selection will be made on a "reserve" basis since the
operation of relay (DS) indicates that an interval has elapsed which would
normally be sufficient to complete sender sub-group selection. The operation
of relay (DS) causes relays (R1) and (R2) to operate which in turn disconnect
the sender sub-group test relays (SGO) to (SG9) from the "GT" leads and
connect them to the ten "RT" leads. The (SGO) to (SGY) relays can operate

to ground on the "RT" leads provided the corresponding links are idle. The
fact that the (GB-) and (SGE) relays are normal, is an indication that the
sender sub-group is not made busy by the "make busy" jack on the sender make
busy frame or not held busy by another control circuit and that there is at
least one idle sender in the sub-group, relay (SGB) will operate from ground
supplied through the series contacts of the (SB-) relays. Relay (SGB)
operated (1) closes a traffic register circuit for recording the number of
times that all senders of the sub-group are busy, see XR-260, (2) lights a
lamp on the sender make busy frame which is primarily intended as a guard
signal, (3) removes ground from the "GT" leads, and (4) connects battery to
the associated (GB-) relays of all sender link and control circuits served
®y the sender sub-group. The operation of a (GB-) relay will prevent the
corresponding (SG-) relay from operating if there are no idle senders in the
sub-group.
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XB-17

SENDER GROUP_SELECTION

With one or more (SG-) relays operated, a circuit is closed

from battery at resistance (J) through (GP-) relay contacts to the select-
ing contacts of the (SG-) relay and from thence to the associated (LL)
relay corresponding to the available sender sub-group nearest to the
preferred sender sub-group. The (LL) relay is connected to ground and
goerates when battery is supplied by its associated (SG-) relay.

u)LZ%?{i&L

Al 'The Wispe~pasberigd (LL) relays of different sender link frames @l lee .

are connected in a chain circuit, giving a preference to some sender link

frame. The preference is arranged so a sender link frame will have first

choice in some sender sub-groups and intermediate or last in other sender

sub-groups,

Relay (LL) operated: (1) prevents other sender link control
circuits from subsequently seizing the sender sub-group, (2) closes the
circuit for holding the (SG-) relay overated which has previously operated
the (LL) relay, and (3) operates the {SS) relay. When relay (SS) operates,
(1) it ovens the operating circuits for relays (SGO) to (SG9), see XB-16,
(2) closes an auxiliary circuit of ground to the "PA" and "SEL" leads so
that the line link and group control circuit will not be dismissed if the
last available path is used to serve the call, see XB-6, and (3) vprepares
the circuit for operatinz the (0OC) relay. Since only one (LL-) relay has
operated it follows that only one (5SG-) relay will have a holding circuit
after relay (SS) has operated. Hence, all (5G-) relays will release
except the relay having the holding circuit and when this occurs relay
(OC) operates and in turn operates the corresponding (C) relay and the
associated (PS) primary selecting magnets under control of the operated
(SG-) relay. Since only one (G-) relay is operated the primary selecting
magnets are operated on the primary switches serving the selected group
of district junctors.
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X5-18

SENDEL SELECTION

When relay (C-) operates as described in XB-17 it (1) connects
ground to the frame indicating leads "FOO" or "F1O" and "F" as an indi-
cation which will be used later by the originating decoder marker to
jidentify the district link and connector frame on which the district
junctor serving the call is located, if the district frame number is
under 10 lead “FOO" will be used, if 10 to 19 lead "F10" will be used,
(2) closes leads "RL," "ON," "GS" and "SL" to sender relays, see XB8-850,
and XB-53, (3) closes the class of service leads "CSO" to "CS7" to the
sender connecting relays, (4) gloses—the—tegds P0*to—"Pdt-to-the
associated sub-group of sendars. ope—of—thrco—leads—being conmocted to
ground by the.line.link.and group contr~l cireutt—see—3B-7, (5) closes
ground for holding any of the relays (S0) to(SY9) operated until the
connection is completed and (58) closes secondary select magnets (SSC) to
(559) to relays (SO) to (S9).

When a sender is idle, ground will not be connected to ite
associated "SB" lead so that the corresponding (SB-) relay will be normal.
If one or more of the (S20) to (8BY) relays are normal, the ground that is
supplied by the operated (LT-) relay of the line link group and control
circuit over the "DP-" lead will ground one of the"P" leads and operate a
(5-) relay of an idle sender nesarest in prefercnce to the preferred sender.
The operated (S-) relay(l) locks to ground furnished by relay (C) over
lead "CG," (2) selects the sender to be used to serve the call, (3) grounds
the "SC" lead to the selected sender and also operates the secondary select
magnet at the horizontal level the selected sender appears on the secondary
switch serving the selected sub-group of senders under control of relay
(C-), (4) operates relay (P) which opens the wreference leads, (5) operates
relay (SGE) which opens the "GT" and "UT" leads, see XB-186.

Wher relay (ON1) of tha selected sender operates, it grounds lead
"SB" to operate the (SB-) relay associated with that sender. When relay
(SB-) operates, it (1) opens the test lead to its associated (S-) relay,
(2) connects lead "AS" to lead "BS" for controlling the ground which is to
hold the established connection so that the comnection will not be held by
the sender unless its (SB-) relay is operated, (3) closes its series
contacts for the "group busy" indication to the winding of relay (SGB) and
(4) removes its indication from the "GI" lead,
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INDICATING WHICH DISTRICT JUNCTORS ARE IDLE
IN SELECTED GEQUF OF TEN

— e n o o

When ground is connected to an "SL" lead, it causes the preferred
line link and group control circuit to hold or lock to the sender link and
control circuit, see XB-6, and at the same time causes it to connect ground
to an "A" or a "B" lead corresponding to the group of ten districts in which
it has decided to place its call, see XB-7. Ground on the selected "A" or
uB" lead causes the corresponding (BA-) or (BB-) relay of a group of 20
district junctors to operate, which in turn (1) operates the corresponding
(DA-) or (DB-) relay and (2) connects 10 "busy test" BT leads of the
asscciated group of 10 districts through the operated (DE) relay contacts
to the district junctor selecting relays (D0) to (D9). When a district
junctor is idle it connects battery to its BT lead so that the corresponding
{D-) relay will operate for the idle district condition, ground being
furnished from the (0ON) relay contacts. Wnen any of the relays (DO) to (D9)
operate, they will lock to ground furnished by relay (ON). When any relays
(DO) to (D9) operate, a circuit is closed for operating relay (DS) which
(1) operates relays (CA-) and (CB-) corresponding to the group of 20 district
Junctors which is serving the call, (2) releases relay (RS) which is slow to
release and (3) closes the circuit for operating relays (R1) and (R2), see
XB-16. Relay (™M) operates and locks to relay (OF1) if there are two or more
(DO) to (D9) relays operated and will not operate if only one (DO) to (D9)
relay operates. If only one (DO) to (D9) relay operates during the combined
releasing times of relays (ES) and (DE), the circuit assumes that the last
idle district junctor circuit is being used to serve the call in which case
a circuit is closed later when relay (SL) operates and relay (TM) normal to
operate the district junctor group busy traffic register, see XB-255. If
relay (Ti) operates, it indicates that there are at least two idle districts
available for serving the call and opens the path to the district group busy
register. Relay (IM) operated also releases relay (DE) immediately without
waiting for the slow release (RS) relay to release.

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




X8-=/%

i
%'ﬂ's oy at.
| A — "‘E: . |
i ffi? ¥ D& .
S (= 1] pi— i = = = ]
3 -I:E.H’EF ) ﬁ!}{;ﬁﬂb’ E‘lu 3 ] 1 3L ¥ [ "-.H E:‘._ L T.-. E‘::.L_ 4
oy T - _IIHJ' %) _IL al eny |, im.r.,r E FEARY B.4) ey, _
% _"Ll = = - -
= | Arz 2 23 e , T , B | G S ¥ L] ¥
& | ars 1 S ¥ 2 . T Sy T F= e L L Bt
o ] > %:{
see %87 moe 18 MGW!’
a8 aF (AR} &
08 (88-)
-4
z o
r
% are 5
i | XS
E Ly — L
: |
g* EI!E - (#0-) ) <
BTy [réwi
L- ji"‘-;: =
3 .
s s + 1
]
T - | v |
!
] | |
G Fraar 4" 48y 487,
=il e | |
| [l (7 |
l R |
D S) i 70 A BT LEAD
| 74 ON RELRY (BA-)
or (88-)
l Lﬁu |
8)
loum/cr JUNCTOR |
. | A7 WHEN 1DLE |
Al.-l‘l elank g__ S el T a W AAVVAVVAV.VA 21 T=YalaTaTaV=YaTalll=Yal /e .' OH ;----

WA IEN DISTRICT TUNCTORS ALE

JOLE IN JELECTED E-E'g_uﬁ a5 TEN

JENOER LINH AND CONTROL

Jyﬂ-

MO CRTNG

MY TEL CO.
A g

G. P. S.




XB-20

QOPERATION OF PRIMARY AND SECONDARY HOLDING MAGNETS AND (SL) RELAY

When a (C-) relay has operated and the pair of primary select
magnets corresponding to the selected sub-group of senders has operated
on the two primary switches serving the selected group of district
junctors, see XB-17, and one of the (S-) relays has operated a secondary
select magnet, see XB-18, a circuit is closed to operate relay (OH).

When relay (OH) operates it operates relay {GH) which connects ground
furnished over one of the "DPO" to "DP4" leads from the line link and
group control circuit)through contacts of relay (OH) to one of the "AQ"
to "A9" leads gorresponding with the selected or preferred district
Junctor circuit. This causes the associated (&) and (B) primary switch
holding magnets to operate, which in turn extends the ground over lead
"8" to the (C) and (D) secondary switch holding magnets. When the (C)
holding magnet operates, it connects ground to the "S" lead of the
selected sender and this ground is then closed through the operated

(SC1) of the sender to the "SL" lead of the subscriber's sender link
circuit to operate the (SL) relay, indicating that the primary and
secondary holding magnets have operated. The (B) and (D) holding magnets
are checked, operated later over the "T" and "R" leads from the subscriber's
line through to the sender circuit.

When relay (GH) operated it locked under control of relay (RL) and
connects ground, over one of the "DPO" to "DP4" leads from the line link and
group control circuit, to one of the "SHO" to "SHOM" leads corresponding with
the selected or preferred district junctor circuit. This causes the
secondary holding magnet of the line link and group control circuit to
operate and lock to ground supplied to lead "SC" through the district
Junctor circuit by the off normal contact of the (A) holding magnet, see
XB-7 and XB-9.

When the secondary holding magnet of the line link and group

control circuit operates, it operates a (T-) relay to operate the calling
subscriberis line holding magnet.
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XB-21

DOUELE CONNECTION TEST, HOLD OF PRIMARY AND SECONDARY
____ HOLDING MAGNETS AND OPERATION OF (RL) RELAY

When relay (SL) operated éi released relay (OH), with relay
(OH) released, it opens the ground that it previously supplied over one
of the "A" leads for operating the proper set of (A) und (B) holding
magnets, see XB-20. This causes the previously operated (4), (B), (C)
and (D) holding magnets to hold over lead "S" to lead "SL" in series
with the winding of relay (DC) to ground supplied by the (SL) relay.
The ground supplied through the winding of relay (DC) is used to hold
the established connection and at the same time this holding current is
sufficient to operate relay (DC). Relay (DC) will not operate if the
sleeve of the established connection is crossed with the holding ground
of another busy connection since the operating winding of relay (DC) is
shunted under this condition. If relay (DC) does not overate, then the
timing relays (W), (2), (TA), (TB), (AR) and (DS) function to operate
an alarm to indicate that a trouble condition has occurred, see XB-22.

If relay (DC) operates, it will operate relay (DR), with relay
(DR) operated ground is connected to lead "GS" as an indication %o the
sender that it should connect ground to the sleeve for holding the
established connection, this is done by operating relay (ON2) in the
subscriber's sender. The sender also grounds the "RL" to overate relay
(AB) which in turn operates the (RL) relay which starts the release of
the sender link and control circuit.
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TIMING RELAYS AND USE OF HOLD JACK

The principal function of relays (TS), (W), (z), (T4a), (@B,
(TR), (08), (AR) and (AL) is to time each call in order to dismiss the
calling line link and group control circuit within a short interval if a
trouble condition is encountered, this timing interval may vary from 1.6
seconds to 2.6 seconds. These relays also serve to record the number of
such trouble conditions and also operate an alarm and score a register
ecach time that such a condition occurs.

Relay (TS) operates when relay (ON1) operates to start timing,
when the "B" contact of interrunter (0B) makes relay (W) operates relay
(Z) being shunted until the interrupter "B" contact breaks at which time
relay (2) operates, at the next make of the interrupter contact "B"
relay (W) is shunted down, overating relay (TA} and at the break of the
interrupter contact (Z) releases, at the next make of the interrupter
relay (W) operates, causing relay (AR) to operate and lock under control
of the (AR) key and sounds the alarm, relay (TB) now operates, lighting
(AL) lamp and overating relay (AL) which operates the (TR) register for
this sender link control circuit and cperates relay (TR). pgmerated (TR)
relay operates relay (0S) to oven the "SL" lead to the line }ipk group
and control circuit so it may serve its call to another or the same sender
link and control circuit.

When a particular sender link and control circuit alarm continues
to come in, a plug may be inserted in the (HD) jack in order tc observe how
far the call has progressed and what equipment is being used by the call.
With a plug in the hold jack a failure causes the major alarm to sound and
holds the 100 district junctors on the sender link frame out of service as
well as causing the line link group and control circuit making the call to
time out and use its mate control circuit. The hold jack should be used
with great care due to delaying a call and holding equipment out of service.

With a plug in the hold jack a time out may cause the (CF) lamp
to light indicating the failure occurred with relay (OH) operated, see
XB-20., If the (DC) lamp lights it indicates the failure occurred after
relay (SL) operated and with relay (DR) normal.
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¥B-203

FALSE STARTS BEFORE AND AFTER RELAT (GH) OPERATES

Calls Abandoned Before (&) Operates

If the calling subscriber disconnects before relay (GH) operates,
the line link and group control circuit connects ground to lead "CN'"
operating the (AB) relay which in turn operates relay (RL). When relay
(DS) operates, see XB-19, ground from normal contacts of relay (SL) is
closed through to the "RL" lead of the line link groupr and control circuit
operating ite RL relay to release that circuit and then the sender link
and control circuit will restore in the normal manner,

Calls Abandoned Aftor Belay ((H) Operates

if the calling subscriber disconnects after relay (GH) operates,
the abandoned c&ll cannost be recognized until the sender circuit has
progressed to the point of testing the dialing tip and ring leads for line
closure. If the tip and ring test open due to the subscriber hanging up
or a trcuble condition wherein the %ip and ring conductors through the
switches of the established connection are actually open, the (SR1) relay
in the sender circuit will not operate.

When relay (DR) operates, see XB-21, and the timing relay function,
the (FS) relay operates, in turn scores the false start register of the
sender link and control circuit and closes a circuit to operate relay (43)
from ground at normal centacts of relay (SR1) in the sender. Relay (AB) in
turn operates relay (RL). The (RL) relay operated, releases the (GH) relay,
see XB~-20. A circuit is now closed from ground on a make contact of relay
(FS) through make contacts of relays (DS), (AB) and (RL) and normal contact
of relay (GH) to the "RL" lead of the line link and group control circuit to
release that circuit. The sender link and control circuit now releases in
the normal manner.

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



8-

START RE..
vl i 1. I
TO LINE L iiiw _#:LL r.:f_- "!' =
Gkggge; Sopr .7__4—1_“ (G/f)D (SL)D f‘“"ﬂ*r_"'.. ,JI: ,ﬁm@ po—
5‘ 1 + 1 [1- r—f‘
@)
NEY
N Y. 7£L. CO. SUB. SENDER LINK AND CONTROL TTTTTIZZ,

GRS = L. FALSE STARTS BEFORE AND RFTER RELAY (GH) OPERATES X8-23




DISTRICT GROUP INDICATION TOWAED THE LINE LINK
__AND GROUP CONTROL CIRCUITS

As shown on XB-15 when relay (ON1) overates the five (DP) relays
operate, one for each group of 20 district junctors, with any one or all
of the relays (DS), (AB) or (AL) operated a circuit is closed to operate
and lock relays (CA) and (CB) associated with the group of 20 district
junctors which is serving the call. \Relay (CA) operated closes through
10 "BT" leads to the 10 district junctors in the (A) group and likewise
relay (CB) closes through 10 "BT" leads to the 10 district junctors in the
(B) group, these leads will be used to determine whether there is one or
more than one district still available in the group of 10 districts that
served the call. Relays (RA), (a&), (BRB) and (B) remain normal until the
shunt is removed by the release of relay (G). BRelay (DP) will remain
operated through the normal contacts of relays (RA) and (RB). At this
time if there is one idle district in a group of 10 districts, battery
through 98 ohms over the "BT" lead and 1350 ohms will operate the (RA)
or (RB) relay, releasing relay (DP). Sinuce relays (A) and (B) are
marginal they will not opsrate under this condition, but if two or more
districts in a group of 10 are idle the effective resistance to battery
will be lowered allowing relay (&) or (B) to operate. When relay (A) —
operates it shunts the operating battery of relay (CA) causing it to
release, relay (B) treats relay (CB) in a like manner. If during this
test none of the 20 districts are idle the (RA) and (RB) relays will
remain normal holding relay (DP) overated until one of these relays
operate. With relay (DP) operated ground is removed from the "DA" lead
to tne line link group and control circuits and also the possible paths
to ground for leads "TA," "TB," "RA" and "RB" are open, thus indicating
to the line link group and control circuits that these districts are not
available to serve a call,

Assume there were at least two idle districts in (4) group and
that the sender link and control circuit was not in use indicated by
relay (DP) being normal, the group was not made busy and there was an
available sender and link to that sender indicated sy 2 normal (GB-)
relay and associated (D) holding magnet. Under these conditions ground
would be present on lead "TA" due to relay (CA) being normal, relay (DP)
normal, (MB) jack normal, relay (GB-) normal and holding magnet (D)
normal. With only one district available relay (CA) will be operated
opening the ground to lead "TA" but lead "RA" will be closed to ground
due to relay (RA) being operated.
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When the sender link and control circuit has selected an idle
sender, ground is placed on the "SC" lead causing the sender (SC1) relay
to operate, also the (SC2) relay will operate if the (F) hold magnet is
normal as will be the case under normal conditions. The (SC2) releases
when the (F) hold magnet operates in order to remove the "F" lead ground
from the select magnets and not interfere with recording dial registration.

The operation of the (SCl) relay closes through several leads
from the sender link and control circuit to the sender, among them the
"35" leads to indicate the class of service originating the cali. The
particular "CS" lead grounded by the (LT-) relay in the line link group
and control circuit operates the (CS-) relay in the sender for that class
of call. The operated (SC1) relay alsc closes through the "FOO" and "F10"
leads one of which will be grounded, tne "FOO" lead for district frames
0 to 9 and the "FiQ" lead for district frames 10-19.

The operation of relay (SC2) closed through the FO-F9 leads, one
of which will be grounded depending upon the district frame being used.
For example if district frame eleven was being used the "FI0" and "F1"
leads would be grounded.

When the frame indication has been made on the sender crossbar
switch (which will be described later), relay (RA4) operates, closing a
circuit to operate relay (ON1) from ground on the "ON" lead. This lead
is greunded as soon as the line link group and control circuit has oper-
ated its primary hold magnet which causes the subscriber's (L) relay to
release, in turn releasing relay (RE).

With relay (ON1) operated the tip and ring are closed allowing
the sender (L) relay to operate over the subscriber loop. The operation
of relay (L) and (OW1) allows relays (SR) and (L1) to operate in series.
Relay (SR) operated places ground on one side of the dial tone induction
coil giving the calling subscriber dial tone until relay (ALl) operates,
which occurs after one digit has been dialed and caused hold magnet (AA)
to operate.

The (CK) relay does not normally operate, but if two or more
(CS) relays should operate or both the (FOO) and (F10) relays should oper-
ate, or if two cross points for frame indication should be closed the
(CK) relay will operate opening the "ON" lead, thus blocking the call
causing the sender link and control circuit to time out and select another
sender.
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RECORDING DISTRICT FRAME INDICATION

When relay (SC2) was operated by the grounded "SC" lead from the
sender link and control circuit, one of the "FO" to "FO" leads were grounded.
Each of these leads were connected to the select magnets of the sender cross
bar switch, lead "FO" going to zero select magnet and so on until lead "F9"
wihich is connected to nine select magnet.

The operation of the select magnet corresponding to the grounded
"F' lead closes ground to operate relay (SM1) through the normal contacts
of relay (SM3). Relay (SM1) operated places off normal ground, which is
supplied at this time by an operated (¥FOO), (F1l0) or (CS-) relay to lock
the operated select magnet; also operated (SM1) caused relay (SM2) to oper-
ate, this relay also places off-normal ground to hold the select magnet. A
circuit is now closed to operate relay (SM3). Relay (SM3) operated causes
relay (RA2) to operate and shunts the operating battery for relay (RA3).
The operation of relay (SM3) causes relay (SM1) to release, but (SM2) relay
does not release since it is held in series with the (F) hold magnet.

When the (F) hold magnet operates it locks to off-normal ground
and shunts the battery which is holding relay (SM2), causing it to release,
which in turn causes the select magnet and relay (SM3) to release. The
release of relay (SM3) removes the shunt from relay (RA3) allowing it to
operate which in turn causes (RA4) to operate and shunts the operating
battery for relay (RA5).

As was explained in RECEIVING DIAL TONE, with relay (RA4) oper-
ated a circuit was closed in vart for the "ON" lead which allowed relay
(ON1) to operate.
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It o sender is wired to serve twe party subscribers, tests
are made to determine whether the tip or the ring varty is ca171ng
when g two-party message rate line calls, but these tests are omitted
and the time intervals required to make them are eliminated when a
line of any other class calls. The class of call is determined by the
(CS-) relay which operates immediately after relays (SC-1) and (SC-2)
when the link control circuit grounds the "SC" lead.

When a line of another class calls, relay (ON3) operates at
once from a contact of the (CS-) relay serving that class, and it
remains operated throughout the call. This cuts through the "T" and
"R" leads so that the (L) relsy can operate at once after relay (ON1)
operates.

When a two-party message rate line calls, the line is tested
for a 1000 ohm ringer ground, which indicates a tip party, by connecting
the winding of relay (TP) to both sides of the line before dialing starts.
The same test is made again after dialing is completed, and if ths two
tests agree the call proceeds. If they disagree, it is blocked and the
sendcr times out. If relay (TF) does not operate on either test, indi-
cating the ring party calling, it is operated locally through a resis-
tence high enough to test its operation under extreme line conditions
after the sender has cut through the district and is ready for release
If it fails to operate, the call is not blocked but the sender is held
busy, times out, and cannot be restored by priming but must be attended
to by the maintenance force.

Relays (CS-) and (ON1) in operating connect the winding of
relay (TP) to the "T" and "R" leads. If relay (TP) operates, indica-
ting a tip party is calling, it will eperate relay (TP1l) to register
the tip party for later transmission to the decoder. Relay (TP1) will
lock for the duration of the call.

Sufficient time for relay (TP) to operate is measured by the
slow operation of the condenser timed relay (TPT). When the (CS-) relay
operate it connects ground tbroagh a back contact of relay (ON1) to
the condary winding of relay (TPT), which will set it on its back
ﬁontact if it should happen to be on Jts front contact. The condenser
will have been discharged through this same back contact of relay (ON1).
When relay (ON1) operates after the registration of the frame number and
class of service, it opens direct ground from the secondary winding of
relay (TPT), and connects it to the primary winding. Current will start
to flow through the primary winding, tending to move the armature over
to the front contact, but current will also start to flow through the
secondary winding to charge the condenser. The sccondary winding being
stronger, the relay will hold to its back contact for a short time, but
as the condenser charges the secondary current decreases until finally
the armature will move to close the front contact, then relay (ON3) will
operate and lock through a back contact of relay (STL).
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With relay (ON3) operated ground is connected through a back
contact of relay (STL) to the secondary winding of relay (TPT), restoring
that relay to its back contact and discharging the condenser. Relay
(ON3) operated also disconnects the "T" and "R" leads from the winding
of relay (TP) and connects them to the (TN) repeating coil and (L) relay.
Relay (L) can now operate and proceed to give the subscriber dial tone.
If the tip party is calling, relay (TPl) connects the "T" lead to the
(TN) repeating coil as soon as it operates, which is before relay (ON3)
operates. This is to discharge the line and prevent tapping the ring
varty bell when relay (ON3) does operate.

When dialing has been completed, relay (STL) operates. This
releases relay (ON3), breaks direct ground from the secondary winding of
relay (TPT), transfers the connection of the contact of relay {TP) from
the winding of relay (TP1) to that of relay (TP2) and breaks the circuits
just described for discharging the line through the (TN) repeating coil
and a front contact of relay (TP1). The release of relay (ON3) connects
the "T" and "R" leads again to the winding of relay (TP), disconnecting
them from the (TN) coil and the (L) relay. It also bridges a path about
the front contact of relay (L)} so that the release of relay (L) will be
without effect, relay (SR) holding up. If relay (TP) operates, it operates
relay (TP2) which locks up.

Sufficient time for relay (TP) to operate is again measured by
relay (TPT). The breaking of ground from the secondary winding of relay
(TPT) by the operation of relay (STL) does not at once stop the flow of
current in that winding, but simply starts it to charging the condenser.
When the condenser is charged, relay (TPT) makes its front centact and
operates relay (ON3) again. This time relay (ON3) neither locks or
restores relay (TPT) to its back contact, both these circuits having
been broken at back contacts of relay (STLY., But relay (TPT) continuing
on its front contact, it continues to hold relay (ON3). Relay (ON3)
operated transfers the "T' and "R" leads from the winding of relay (TP)
to the (TN) coil and the (L) relay, and removes the bridge from the front
contact of relay (L) so that the sender may recognize an abandoned call.
If the tip party is calling, relay (TP2) comnects the "I" lead to the
(TN) repeating coil to discharge the line and prevent bell tapping.

After dialing is completed and relay (STL) operated, the sender
completes its selections and then operates relays (AV1) and (AV2), releases
relay (AV3) and operates relay (AV4). The operation of relay (AV4) re-
leases relay (ON2) and the link switches. Relay (CN1) releases after relay
(ON2) if the tip party is calling, but if it is the ring party relay (ON1)
is held up by a circuit through front contacts of relays (CS-) and (AV1),
and back contacts of relays (TP2) and (TP1l). Relay (AV4) operated connects
ground to the secondary winding of relay (TPT), making it break its front
contact and also release relay (ON3). Relay (TP) now operates through both
the tip and ring back contacts of relay (ON3), a front contact of (AV4), a
3050 ohm resistance, and back contacts of (TP1) and (TP2). Relay (TP) oper-
ated, operates relay (TP2) which breasks the circuit just described for
holding relay (ON1) and also breaks the circuit to the winding of relay
(TP). Until relay (TP) releases it holds relay (ON1) through the locking
contact of relay (TP2). 1If this operating test of relay (TP) fails, or
if on any call relay (TP) sticks up, relay (ON1) will be held until re-
leased manually.
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HOLDING SENDER LINK HOLD MAGNETS AND REIZASE OF
CONTROL CIRCUIT

When relay (ON1) of the sender operated, the "SB" lead was
grounded to operate its associated (SB) relay in the sender link and
control circuit, to indicate & sender busy condition to other calls as
long as this sender is held. With relay (SB) operated, ground is placed
on the "BS" lead to operate relay (ON2) which locks relay (ON1) and
itself under control of relay (AV4). Relay (ON2) operated also places
ground on the sleeve to hold the sender link and control primary and
secondary hold magnets. Also relay (ON2) places ground on the "RL" lead
to the sender link and control circuit to start the release of that
cireuit,
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XB-54

OPERATION & RELEASE OF RELAY (L8) DUE TO DIAL PULSES

The polarized relay (L) operated when the tip and ring leads
were cut through from the calling 1ine to its winding, and remains operated
except for a momentary release on each break of the dial until the sender
is disconnected, unless the subscriber hangs up to abandon the call.
Relays (LI) and (L2) operate and release with (IL). Relays (SR) and (SR1)
overate on the first operation of relay (L) and release when the call is
completed or abandoned. The (SR) relay being slow release type holds up
while the (L) relay releases during dial pulses, and in turn holds relay
(SR1),

Relay (RA) operates through a back contact of relay (LI) on the
first dial break of each digit dialed and remains operated throughout that
series of pulses despite the repeated momentary breaking of its operating
path. It releases each time the dial comes to rest after sending pulses for
one digit. The (BAl) relay operates and releases in reverse to the (RA)
relay, except that it cannot operate for the first time until the (F: hold
magnet operates.

Relays (13), (14) and (L5) serve to transmit the dial pulses,
represented by back contact closures of relay (L), over two leads alternately
to the pulse counting relays. Relay {13) operates when relay (L) releases
on the first dial break of each digit, and relay (L5) operates by its
orimary winding in series with relay (L3) when relay (L) operates on the
following dial closure. Relay (I14) operates in series with the secondary
winding of relay (L5) when relay (L) releases on the second dial break, and
that causes relay (L3) to release, but relay (L5) is still held up by its
secondary winding. Then when reluy (L) operates on the following closure,
relays (L4) and (L5) both release. Any possibility of relay (I4) releasing
before relay (L3), and thereby preventing the release of relays (L3) and (LB),
is prevented by locking the secondary winding of relay (14) to a front
contact of reluy (L3). The cycle repeats for every two pulses of the digit.
If the number of pulses is even, the last pulse leaves tne three relays
normal. If the number is odd, relay (14) is left normal and relays (L3) and
(L5) release after the last pulse because the operation of relay (L2) and the
release of relay (RA) break all ground connections which could hold them up.
The important fact for future reference is that each odd pulse of a digit
operates relay (Lb) and each cven pulse releases it.
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ACHE DIGIT BY THE OPEEATION

COUNTING PULSES OF E
RELEASE OF (L8) RELAY

AND

The pulses of each digit are counted on relays (Pl1) to (P6),
which are operated in rotation by alternate closure of the front and back
bottom contacts of relay (IL5) and each of which locks until released by the
operation of another, or by the eoperation of relays (RAl) and (SM1) at the
end of a series of pulses.

The first pulse of a digit operates relay (L5) as has been
described, connecting ground throush back contacts of relays (P4), (P2), (P3)
and (P5) to operate relay (Pl) which locks through back contacts of relays
(P2), (P3), (P4) and (P5). The second pulse releases relay (L) connecting
ground through back contact of (RAl) and front of (P1) to operate (P2) which
releases (P1) and locks itself through the same path which previously locked
(P1). The third pulse operates (L5) connecting ground through back contact
of (P4) and front of (P2 ) to operate (P3), which unlocks (P2) and locks itself.
The fourth pulse acts similarly to operate (P4) and release (P3), and the
fifth pulse to operate (P5) and release (P4). The sixth pulse operates (P6)
through front contact of (P5) and (P6) locks up for the remainder of the digit
but does not unlock (P5). The se¢venth pulse operates (P1l) again, this time
operating and locking through front contacts of (P6), instead of back contacts
of (P5) and releasing (P5). The eighth, ninth and tenth pulses overate (P2),
(P3) and (P4) respectively, each (P) relay as it operates unlocking the one
ahead of it. The (P) relays operated after each pulse are tabulated below:

Pulse (P) Belays

(P5)-(P8B)
(P1)-(P6)
(P2)-(P6)
(P3)-(P6)
10 (P4) - (P6)

o 00 =3 O 08 s S8 B3
P
H
(%]
R

When relay (RA) releases at the end of the first series of pulses
some one (not number one) of the ten select magnets operates in accordance
with the number dialed and the (P) relay or relays then operated. Before the
release of relay (BA) can be effective in operating a select magnet, hold
magnet (F) must have been properly operated by the district frame indication,
to ground the contact of (RA). This is to insure that the first dialed digit
cannot be registered on the (¥) vertical of the switch, in case the district
frame registration fails for any reason.

The select magnet passes its operating ground on to operate relay,
(SM1) in the same manner as RECORDING FEAME INDICATION.

When relay (SM1) operated it broke the last locking path for the
(P) relays. Relay (RAl) having operated in parallel with the select magnet,
whatever (P) relays are overated then release. The (SM1) relay overated
also breaks the overating path of the select magnet, but before breaking
either of these circuits relsy (SM1) closes a circuit to lock itself and the
select magnet.
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QPERATION OF HOLD MAGNETS ¥OR DIALED DIGITS

When a select mognet operates from the (P) relays for the first
digit, its operating ground causes relay (SM1) to operate. With relay (SM1)
operated relay (3M2) operates through its primary winding and causes relay
{SM3) to operate, this in turn releases relay (S5M1). A circuit is closed from
ground through the secondary winding of relsy (SM2) front contect of relay
(RA3). nnd back contacts of relays ?E.I'Lﬁj. (L) and (PS) to the winding of the
(&) bold magnet; and another circuit from ground through back contact of relay
{AV¥1), front contact of relay (RAZ} and back contacts of the (J) and (B) hold
magnets to the winding of the (AL) hold magnet. These circuits opernte the
(L) and (AA) hold magnets, and the first alse holds (5M2) after (SM1} relemses.

The hold magnets close the contacts of the cross points at the
level of the operated select magnet. BPoth hold mognets lock un and when both
have gperated the locking ground for hold magnet (A) short circuits the sscon-
dary winding of relay (SM2), which releases followed by (SM3). The operated
hold magnet operatas relay (AT1) which removes dial tome,

When relay (5M1) operated it broke the last locking path for the
(P) relays, relay (BAl) having operated im parnllel with the select magnet,
whatever (F) relays are opernted then release. Relay (5M1) operated also
breaks the operating path of the eelect magnet, btut before breaking either
of these cirecuite relay (3M1) closes & circuit to loeck both itself and the
select megnet.

Reloy (5M2) operated closes mnother circuit to lock the select
mognet after relay (SM1) has released. The select magnet finally releases
when relay (S¥2) releaseg after the operation of both (A) and (AA} hold

maznets.

All digits that sre disled after the first, arc registercd in the
game wey on the succeeding registers upon the successive releamses of relay
(EA). Each register after the (&) has one hold magnet which closes the con-
tacts of one cross point.

The hold magnet operating path from contacts of relay (5M3) through
gecondary winding of (5M2) is steered to the succeseive hold msgnets by trans-
) fer contacts on relays (RA3), (RAS), (CL) and (HL). The operating path from
contactas of relay (SMZ) which does not through secondary winding of relay
{SM2) is effective only to operate the ﬁl} bold magnet, being open at a fromt
contact of relay (RAZ) during the registration of the frume and the second
dinled digit, and open at the back contacts of the (B) and (C) hold magnets

during later dial registration. In general u contact on each hold magnet pro-
vides a locking ground for the next one.

) Each time a registration is made the eperation and relense of
P relay (SM3) couses the (Ra2), (RAZ), (RA4) and (BAS) relays to function as
shown in the following table:

Reg. SM5 RAZ RAZ Rad RAS
F 0 O 2} /] N
W D 0 0 N
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(.' Reg. SM3 RAZ RAS EAd EAB
AR & A 0 N Qs o K
H N H Q& o
B o Q E or O
- B 0 o H o#
c L4 H oM N L&
N il H H "
TH (& L4 H H N
H O o 1) N
H (4] i} o o~ ]
i} K i o# 0
1 0 0 K oM 0
H o~ i) ] Qyir
o | 0 ] oH B o
E N ] N ]
- 3 =¥ —i N —H -H
8 o ik i) g

The office code is registered on the (A), (E) and (C) registers
and the numerical digits are registered on the (THY, (H), (T) (U) regicters
,, and the station or fifth numerical digit on the (ST) register.
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¥XB-07

QFERATION OF (DST) RELAY AWD FUNCTIONS QF (TH) RELAYS

Helay (DST) operates when the operation of relay (CL) shows that
the office code has been dialed, or when the (0) cross point on the [AA)
register closes showing that zero has been dialed for a first digit, or
when relay (P3) operates to indicate that dialing has not commenced in
the time allowed by the timing circuit or that the gender has been primed
out.

Relay (DST) operated connects battery to leads "ST" and "CBS"
to the decodsr connectar, with the effect that the latter connacts the
gsender to an idle decoder over about 50 leads ns soon as the connector
and & desoder are avalilable.

Office code and other informaotion passes from the sender to the
decoder over some of these leads, ofter decoding, selection information
pasgee from the decoder to the sender over other leads.

After decoding and making progress in its function of establish-
ing & connection through district and office frames, the decoder grounds
lead "DC", which is one of the leads through the decoder connector, and so
operates relay (DC). The ground applied by the decoder, besides operating
relay (DC}, also operates the (F) relay in the district junctor, which in
turn operates (LC) relay in the district link and connector circuit where
another ground is supplied to it by the decoder marker. This second
ground helds relay (DC) locked up for a time after the direct connection
between sender and decoder is broken by the relesmse of the decoder con=-
nactor.

When the decoder hes sent its selection information to the sender
and hag also operated relay (DC), it grounds lead "EL" through the decoder
connector. This operates relay (DEL), which locks up for as long as (DST)
remaing operated, which is for the durstion of the use of the sender on
the call unless a second trial should be required. Relay (DRL) breaks the
"ST" lead, thereby releasing the decoder connector and bresking all direct
connections between sender and decoder. Relay (IRL) also grounds the "LR"
lead to the sender link to lock up certain relays in the distriet junctor
which may have been operated directly by the decoder marker.

The sender is still in indirect communication with the decoder
marker through the sender link and the district junctor. When the decoder
parker has completed its work of establishing a comnection from the calling
line through the district and office frames, it removes ground from the
"DC" lead and relay (DC) releases, This signals the sender to proceed with
its work,

' If the decoder marker encounters trouble in receiving information

: from the sender in decoding or im transmitting information to the sender,
or if it finds all trunks of both regular and alternate routes to the
desired point tusy and also all overflow trunks busy, it sends & trouble
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release by grounding lead "TRL® and so operates relay (TRI), which releases
relay (DST), which breaks the "S7" lead, thereby releasing the connsctor
and breaking all direct connections between the sender and decoder marker.
Lead "TRL" being broken with the rest, relay (TH2) pperates in series with
relay (TRE1). BRelay (DST) now reoperates with the result that o second
copnection is mede through the decoder comnector to the decoder. This may
be the cameé decoder as before, btut usually will be & different onc, since
the first decoder holds itself busy momentarily after sending a trouble
release. Relay (TR2) being operated on the second trial, lead "AR" to the
decoder will be grounded to notify the decoder to use the alternate route
to the desired point, if there is mn alternate route. The second decoder
marker will now try to establish the connection.

I1f the first decoder marker encounters either trouble or an all
pathe tasy condition when trylag to eslablish connection to & chosen idle
trunk or overflow trunk after ite direct connection with the sender throush
the decoder comnector has been brolen dowm, it sends a trouble release by
groanding momentarily lead "TE! through the distriet and sender link. The
(DC) relay being operated at that time causes the "TRL" lead to receive
this ground, operating the (TE) relaye in the same manner as if the lead
had been grounded via the decoder connector, which would canse the release
of the (DST) and (DRL) relays; also all selection register relays and all
relays fed by off-normal battery. The operation of relasy (TR2) operates
relay (D5T) azain with the result that & second connection is made through
the decodsr connector to a decoder. Eelay (TR2) being operated on the
second trial, lepd "ARM to the decoder marker will be grounded to the
desired point if there is an alternate route, The second decoder marker
will try to establish the conmection in all other respects the spme as
the firat did.

1f the first decader functions successfully and is dismissed
but the sender in making selectione beyond receives an overflow signal ode=-
couse of a distant panel type selector running to overflow or tell tals,
or because of some trouble affecting & crossbar terminating sender, relays
(AVZ) and (AV3) will comnect & ground for s moment only to the "TRL" lead.
This momentary ground ceuses the (TR) relays to function as has been de-
scribed.

For the brief time between & first and & second trial, while
relay (DRL) ie normal, the ground on the "LE" lead through the sender link
to the distriet is broken in order to release relays lociked up in the
distriet and mllow them to be reused.

If bath first and second trials with the decoder result im a
trouble condition the "TRLY lead will e grounded a second time which will
canse relays (DST) and (DEL) to release and relays (TR3) and (TR4) to
operate. Relay (TR3) being operated on the third trial, lead "OF" to the
decoder will be grounded to notify the decoder to establish eonnection to
an overflow trunk. The decoder will send selection information to the
sender, operate relay (DC), operate relay (DAL}, connect the district to
an overflow trunk, and release relay (DC) just as it would functiosn for



XB=57F
Foage &
4 Pages

connecting to a regular trunk. In case it cannot find an idle overflow
trunk, or finding one cannot find an idle path to it, it will nevertheless
operate relay (DC). operate relay (DRL) and release relay (DC), just as
if it had succeeded in making the connection,

For & brief time between a second and a third trial, while (TH3)
is operated and (TR4) is norsal, the "LB" lead through the sender link to
the district is broken in order to releass relays locked up in the district
and allow them to be reussd.

If the third trial encounters any one of the conditisns which
cause a retrial, the "THL" lead will be momentarily grounded a third time.
Belaya (TE1), (TR2), (TR3) and (TR4) all being locked wp, this ground will
ghunt down and relemse (TR3), but (TH4) will hold by ite secondary winding.
Eelay (DST) releases and breaks the "ST lead, releasing the decoder con-
nector if still engaged. Belay (TE3) cannot reoperate, neither can (D3T),
gnd the sender will be stuck.
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TIMING FOR STATION DELAY

Wonen units have been dialed and the decoder has sent a release
signal, interrupter (5D} is grounded by the off-normal ground through
a front contact of (DRL) and back contact of relay (CL1), or front com-
tact of relay (C), front contact of relay (UL1), back contmct of relay
({STL) to 1ntarm{|tar (SD). This ground is maintained on the interructer
until relay (STL) operates. If no station or fifth mumerical digit is
expected, relay (5TL) operates at once as has been described. If one is
expected, relay (STL) operates by the operation of relay (STA) or (5TB')
when it is received, or else when from three to five seconds have elapsed.

Interrupter (SD) counts its cycles on relays (H), (H'), (%),
(P}, (W, fl.l"}:-mfﬁﬂ} and {8TB'}, each cycle causing one pair of relays
to operate and lock wp. Each cycle takes about one second and relay
(STB') operates in from three to five seconds after the interrupter is
grounded, depending upon what stage of the cycle the interrupter is in
when it is first grounded.

The operation of relay (ST®') operates relay (STL) provided
relay (BA) is normal. Belay (3TL) operated unlocks relay (H) and (H').
which in turn causes the release of relays (7)., (T'), (U) and (U').
Relays (578) and (8TR') remain locked to off-normal ground through back
contact of relay (5TA).

If the calling subscriboer starts to disl & fifth numerical
digit when his time is nearly up, rclay (5T2') mey cperate before the
digit is registered, but it must not atay up nor must it be allowed to
interfere with the registration of the digit. BHelay (RA) operating on
the first pulse breaks the circuit by which (5TBE') normally operates
relay (STL) (See XB-59) so relay (STL) cannot operate prematursly to
stop the counting of pulses. When the digit is registered, relays (3TA)
and (S5TA') operate followed by relay (STL) and relay (S5TA) breaks the
loeking ecircuit to relays (5TB) and (STB'), releasing them.

) When relay (STL) operates it locks to prevent it from releasing
: in case an additional accidental dial pulse should operate relay (RA)
after the logitimate dialing has been completed.
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INRICATION THAT DIALTNG IS COMPLETED

Belay (STL) operates on all calls after dialing has been completed
and the decoder has sent & regular release signal to the sender, in order to
indicate that certain functions may proceed snd also to prevent false regis-
tration on the station resister in case of belated dialing or switchhook
manipulation.

Either relay (5TA) or (ST2') must operate in order to operate relay
(STL). Eelsy (5TA) operates in case the call is for a manual office and the
called station number is 10000 or over. Belay (STB') operates on all other
calls.

On permanent signal, dial zero and official code calls, whether
routed direct or through tandem, the deccder operates (CL3) to show that no
number is expected, and then when relay (DRL) operates to release the decoder
from the sender, relays (STB) and (STB') operate in series to off-normal
Eround.

On calles whero & namber is dialed, but from the character of the
temminating office and the first few digits of the mmber, it is evidant that
no station or fifth mmericel digit is to be expected, relays (STB) and (STR')
operate in series to off-normul ground throuzh the operated (DEL) and (UL1)
relays and other contacte depending upon the conditions, when the units digit
hat been registered. If relay (CLl) is not operated by the decoder, as on a
full selector call to panal or a PCI tandem call with number, or a restricted
code call which has been re-routed to an operator, the path from relay (DEL)
to (ULl) relay is through the back contact of the transfer of (CL1). If re-
lay (CL1) is operated by the decoder. as on a full selector call to crossbar
or a PCI direct call, relays (C) and (I') operate in series through the front
contact of relay (DRAL) and the front contact of the transfer of relay (CL1),
and then the path for operating relay (STE') from relays (DRL) and (UL1) is
through a froant contact of relay (C). There are two paths from (ULl) to the
winding of relay (STE'), as follows:

First, when the number does not begin with three digits from 100
to 104, and relay (5D) is operated by the decoder to show
that the terminating office has no party lines with station
letters, the path is through contacts on the (TH) (H) and (T)
) registers and the front contact of the transfer of relay (SD).

cecond, when the nomber does begin with three digits from 100 to 104,
but relay (5D1) is operated as well as relay (SD), to show that
there are no mumbera of 10,000 and over in the terminating office,
as well as no party lines with station letters, the path is
throush contacts on the (TH), (H) and (T) rezisters and the front
contacts of the transfers of both (5D1) and (SD) relays.

J If a station digit is poesible (SD) ie not operated, and if it is
actunlly dialed (5TB) and (STB') operate in series throwegh a back contact of
relay (SD) and front contact of the (5T) hold magnet.

If a 5-digit nomber is possible (5D1) is not operated, and if it is

actually dialed (5TA) and (STA') operate in series through a back contact of
relay (3D1) and fromt contasct of hold magmet (ST).
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If o station digit or o S5-digit number is vossible Ttut is not
actually dialed, a station delay period of time is measured off after
unite is dialed, and then relay (STB) wnd (STB') are operated, as
described in Timing For Station Delay.
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On any class of call routed throagh a two wire office
selector the (50) relay is normal and relay (33) is operated until
relay (D) releases indicating that the crossbar switches have oper-
ated to the selectad trunk; then relay (53') cperates in series with
(53).

When & skip office call is sent, relsy (50) is operated,
which operates relay (56) and then relsy (58') in the seme manner as
(83') was operated sbove,

The sequence relaye are operated as follows for the several
stages up to and including truck test:

(s3) - (S3') First office test Mo FS Relmys
(54) - (54') Pirst office brush selection o pen.

(88) = (85') First office group selection

(56) - (568') Trunk test

The gender is #ranqu to make second office selections,
tat this feature is not shown.

On a full selector call to either panel or crosabar office %
the segusnce relays are operated as follows for stages after trunk
test:

{51) = (51') Incoming brush selection FSI v 8prR,

(82) - (52') Incoming group selection

(53) - (53') Final brush selection

(84) = (54') Final tens selection — il ) 3

{55) - (55') Final units selection FS I=2-% eptn

(86) - (56') Incoming advance

OnaPCI call relays (56) = (56') remain operated after
trank test throughout the F O I pulsing.
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E=61

FULL I TRIMK TEST

The fundamental is closed when relays (56') and (PO3) are
gperated. If the call is skip office relay (56') operates upon the
release of relay (DC) which occurs when the decoder establishes con-
nection to & trunk relay (36) having operated upon the operation of
relay (DC) or upon the completion of distant office selections.

Relay (FO3) operates upon the release of relays (FO1) and (FO2), which
occurs when the dialing proceeds far emough to operate the (TH) hold
magnet or (H) hold magnet, according to the class of call, which has
been explained. The completion of distant office selecticas, if any,
releases relay (55').

If the trunk is in A group containing non-repeating ground
cut-off incomings., relay (MTG) is cut ints the fundemental by the
operation of relay (CEG). Otherwise relny (TG) is used. Whichever
relay is used cperatss to battery and ground from the distant end of
the trunk,

The operation of relay (T0) operates relay (TGl) which in
turn operates relay (TG2), or the operation of relay (MTG) operates
relay (262). BRelay (T02) operates relays (0). (30} and (FO) through
front contacte of relay (56) and back of relay (CL4). These relays
prepare the cireuit for incoming brush selection.

The purpose of the 14500 ohm resistance in trunk test is to
prevent the line relay of the panel incoming selector or the crossbar
incoming trunk from operating until relay (STP) is in the circuit and
the sender is otherwise ready to count pulses.
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QPERATION OF CQUNTING RELAYS DURTMG UNITS SEIECTION

Final units selection is made with relays (55) and (55"}
operated, starting when rolay (F03) operates to close the fundamental
circuit aefter the completion of final ‘enu selection and the dialing
of anits.

The (STP) relay sends pulses through contacts of relays (S55')
and (55) and the (U} register to the counting relays.

Assune saven was registered for units; the firast operation of
relay (STP) would operate counting relay (2) and the release of relay
{STP) would operate relays (2} and (2']) in series under control of re-
lay (B). The next pulse would operate relay (1) which locks in series
with relay (1') at the end of the pulee. With relay (1') operated and,
since the units number is between 5 and 9, relay (&) operates on the
next pulse and locks in seriee with relay (6') mt the end of the pulse,
The next pulse operates relay (5) which locks in series with relay (5')
at the and of the pulse. Helay (5) operating cmuses relay (BC) to
release. The pulses continue uatil relays (2) end (2') are again oper-
ated, The next pulse operates relay (0) through normal contact of re-
lay (BC). At the end of the pulse relays (FO) and (BO) operates in

series with relay (0). The operation of relay (BO) opens the fundamental

circuit which stops pulsing.

The circuit now prepares for incoming advance.
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FUNDAMENTAL CIRCUIT DURIRG IRCOMING AND FINAL
SELECTIONS ALSO TNCOMING ADVANGE

During the incoming and final selections and incoming
advance the fundamental circuit is closed from the "FI' lead through
back contact of relay (AV2), front contact of relay (FO3), back con-
tact of relay (F02), the operating winding of relay (OF) shunted by
its non-inductive winding, front contact of relay (F31), winding of
relay (8TF), back contact of relay (ED,, front contact of relay (FS2)
and compensating resistance, as set by relays (CE3) and (CR4), to the
FERY lesd.

If the call is going to & crossbar office, a (5TF) relay in
the terminating sender operates in series with the (STF) relay in the
subscriber sender. The operation of the (3TF) relay in the terminating
sender operates relay (GE) which grounds the tip causing the (STF) re-
laye of both senders to releasa.

In order to simulate incoming advance on & call to & crosss
bar office, when final units have been recorded, relay (RV1) is oper-
ated in the terminating sender to send reverse battery and ground to
the subscriber sender causing relay (0F) to operate and in turn operate
relay (IA).

XE-63
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AB=64

PC I TRUNE TEST

On all P C I calls relays (CL2) and (CL4) are operated by the
decoder .

The fundamental circult is closed when relays (56') and (FO3)
are operated. Relay (56') operates upon the relesse of relay (IC) when
the decoder establishes comnmection %0 a trunk 1T the call 1s skip office,
relay (56) having operated upon the operation of relay (IC), or upon the
completion of distant office selections. Relay (FO3) operates upon the
release of relay (FO2) and operation of relay (RC) which occur when the
completion of dialing operates relay (STL).

Relay (TG) operates to battery from the distant end of the
trunk but relay (OF) does not operate becsuse of ite polarity. With
relay (TG) operated it operates relay (TGl) which in turn operates re-
lay (TG2). The operation of relay (TG2) closes a eircuit to operate
relay (CI1) which locks until relay (AV1) operates after P ¢ I pulses
have been sent. Relay (CI2) operates to a make contact of relay (CIl).
The (TG) relays hold operated until the trunk is assigned at the distant
end, when they release to start F C I pulsing.
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XB-65

TI0H PC1I

The P C 1 pulsing cirouit consists of start pulse relay (SF),
pulse generating relays (FG), (PGl), (PG2) and (PG3), grounding relay (GR),
pulse tip and ring relays (PT) and (FR), relay (12) which supplements leads
1 and 2 from the registered digits on the crossbar switch, relay (34) whieh
supplements leads 3 and 4 from the registered digits on the crossbar switch,
and final pulse relay (FF).

Relay (PG) is a non-biased condenser-timed polariszed relay. It
cannot be said to operate or releasae, but it closes its fromt contact when
energized in one direction by its primary winding, closes its back contact
vhen energized in the other direction by ite primery winding ard remains on
either contact or between the contacts when not emergized. When current is
first closed through the primary in elither direction, its force is more than
neutralized by an opposing current in its secondary winding, the source of
which is the charge or discharge of the timing condenser. When the condenser
has been charged or discharged, current ceases to flow in the secondary and
the primary causes the armature to move from one contact to the other. The
actual time of operation varies somewhat with variations in woltage, resis-
tance and relay adjustment. It averages sbout 195? second per single oper=
ation.

When relay (FG) closes its front contact, relays (CI1) and (5P)
being cperated, it grounds out the 300 ohm battery and so starts opposing
currents in the two windings. At firet the effect of the secomdary windirg
is stronger and the front contact is held closed, btut as the condenser dis-
charges the current in the secondary dies down, until the effect of the
pricary becomes the stronger, when the relay breaks ite front contact and
closes its back contact. Now the battery through 300 ohms is not grounded
giat and currents start in the two windinge in directions reversed from what
thay were before. At first the effect of the secondary winding is stronger
and the back contact iz held closed; twt as the condenser charges the current
in tho secondary dies down until the effect of the primary becomes the strong-
er, when the relay breaks ite back contect and ecloses its front contact. Then
the cycle repeats.

In sending ocut F C I pulses after the trunk assignment key hasa
been deprossed and relay (T62) has released, relay (FG) pulses as just de-
seribed with relay (FGl) operating every time relay (FG) closes its beck con-
tact. The pulsing mast start with the timing condenser dischorged and the
(FG) relays in a definite condition, with relay (F0) closing its back contact,
relays (PGl) and (PG2) operated and relay (FG3) normal. The condenser is dis-
chaiged and relay (P3) set on its back contact when relay (CL2) operating
with relay (SP) normal, grounds ocut the 300 ohm resistance. When trunk test
is made, relay (CIl) cperates, which operates relay (PGl), which in turn
zﬂznratm relay (FG2), but relay (PG3) cannot operate because its winding is

ted.

With relay (162) normel after relays (PG2) and (CI2) have oper-

ated, relay (SP) cperates and then relays (FG) and (PG1l) start continuous
ralsing. HRelay (FGZ2) being operated and locked and relay (PG3) normal before

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



the puleing begins, the first relesse of relay (PGl) removes the shunt
from relay (PG3) allowing it to operate. The next operation of relay
(PGl) shunts relay (PG2) causing it to release, leaving relay (FG3)
operated. The next release of relay (FGl) releases relay (FG3). The
next oparation of relay (PGl) operates relay (FG2) and so the ecyele
repeats. Each complete cycle, which generates four pulses to transmit
one digit, proceeds as follows:

Pulse (FG1) (2G2) {FG3)
1 Up Up Down
2 Down Up Up
3 Up Down up
d Town Down Down

Then operated relay (FGl) grounds the "FE" lead for a positive
or blank odd pulse, when normal it grounds the "FI" lead for a negative even
pulse. Ralay (GR) operates with relay (PO1) but alightly delayed.

The winding of relay (FT) is comnected to lead "1" of the dial
register when relay (PG3) is normal and to lead "3" of the dial reglster
when relay (PC3) is operated. When relay (PT) operates, it comnscts 5500
ohms battery to the "FI" lead giving the light positive pulse. When relay
(PT) is normal it conmects ground through back contact of relay (GR) to
the "FI¥ lead, s0 that both sides of the trunk are grounded momentarily to
discharge the trunk capacity. Relay (GR) operates immedlately after (FGl),
after which the "FT" lead is open to give the blank pulse. For the first
pulse relay (PGl) is operated in advance, tut relay (GR) does not operate
until relay (SF) operates to start the pulsing.

The winding of relay (PR) is connected to lead "2 of the dlal
register when relay (PG2) is operated and to lead "4" of the dial register
when relay (PG2) is normal. Relay (FR) cperates when a heavy negative even
pulse is required and is normal when a 1light negative even pulse is required.
Operated it connects 115 ohm battery to the "FR" lead, giving the heavy
negative palse. HNormal it leaves 6500 ohm battery conmnected to the "FRY
lead, giving the light negative palse.

After the entire ramber has been transmitted, relay (FP) is oper=-
ated. A blank pulse lg sent after the fourth pulse of the unit digit with
relay (FG) on its back contact, relay (PGl), (PG2) and (FP) operated and
relay (FG3) normal. Then relay (PG) breaks its back contact, releasing relay
(PG1) which lets relay (PG3) operate. Relay (FF) operated reverses the con-
nections between the "FI" and "FR" leads and the contacts of relay (PGl), anmd
J also connects the 115 ohm resistance battery to the "FI" lead, so the relcase
of relay {PGl) starts a heavy positive pulse. After the heavy positive pulse
has lasted for the ususl time of the pulse, relay (FG) closes it back con-
tact. Usually that would operate relay (PGl), terminating the pulse and
releasing relay (FG2); tut this time, since relays (FF) and (FG3) are both
operated, the back contact of relay (PG) is cut off from relay (PGl) and
cornected instead to release relay (FG2) directly. Relay (AV1) operates upen
the release of relay (PGZ2) - See (¥B-855). The heavy positive se contimes
until the fundamental iz broken by the operation of relay (AVZ).
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HB=65
Fage 3
3 Fages

The operation of relay (AV1) marks the completion of the sender's
functions on the call. Besides starting the sender to releasing it also
immediately releases the (CI) relays - See (XB-64), which stops the pulsing
and opens the "FT" and "FR" leads from the pulsing circuit.
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CONMECTION OF PULSIRG CIRCUIT TO DIAL REGISTER

At has been explained under Generation of FOI Palses, leads 1, 2,
3, 4, 12 and 34 are connected to the (PG) relays from dial register crossghar
switch. The leads which are grounded for a particular mumber depend upon the
pulses reguired for that mumber. For example, if the pulses required were
positive, hoavy negative, blank, heavy negetive, loads "1%, 928 apd "4" wonld
be grounded to operate relays which would produce these pulses.

When & PCI call is routed through tandem and the called mamber is
aunder 10,000, relays (STB) and (STB') will have been operated in advance.
Wihen & FCI ecall is routed through tandem and the cslled mumber is 10,000 or
over, relays (STA) and (STA') will have been operated in sdvence., When &
FCI enll is routed direct, relays (C) and (C') are operated in addition to
(5TR) and (STA') for nusbers of 10,000 or over or (S5TB) and (STB') for
mambers under 10,000, (See ¥B-59)

The setting of relays (STA), (5TA'), (5TB), (5TB'), (C) anmd (C')
determine which vertical of the dlal register crossbar switch will have
ground supplied to its leads for grounding the necessary leads "1°, 29, W3n,
gn, ®12% apd "34" for the desired mumber,

Assuming that the PCI call was direct with a number of 10,000 or
over, relays (C), (C'), (STA) and (STA') would have been cperated. Relay
(CIl) would have operated cm trunk test. Oround now would be placed on the
{TH) vertical of the crossbar switch, under control of normal (TH) relay, to
place ground on either, both or none of leads "1" and "2", depending on the
requirements of the registered thousand number. Likewise ground is placed om
the thousands vertical for leads "3" and "4" under control of relay (TH')
normal .

¥hen the first two pulses of the mumber have been sent, relay (PG2)
releases operating relay (TH) and shunting relay (TH'). The operation of
relay (TH) opens the ground supply for leads "1" and "2" of the thousands and
cloges the ground supply for lead "1V and "2" of the hundreds, in order to
prepare the proper relays in the pulse generating eircult for these pulses
when needed. When the thousands pulses have been completed, relay (PG2) oper-
ates allowing relay (TH') to operate and lock in series with relay (TH). The
andrads pulses are now sent and when relay (PG2) operates after the first two
pulses relay (H) operates and then (H') in the same manner as the thousands
relays functioned. This contimues until relay (5TB) and (S5TB') have operated
at which time the final positive pulae is sent and then the palsing circuit is
opened and the sender starts to release as has besn explained.
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XB=-G7 -

TIMING CIRCUIT AND TROUBLE CONDITIONS WITH MONITORIHG

Whenever ground is connected to interrupter (M), with the (™M) 1-4
relays noresal, they function in the folleowing manner to messure time intervals.
Tue interrupter breaks for 10 seconds and makes for 10 seconds,

BREAE MAKE BREAK MAXE BHEAE MAEE BREAK MAKE BREAK

Hone (TM1)Op. (TM1)Op. {T¥1)Rel. (TM1)}Rel. (TM1)Op. (TML)}Op. (TM1)Rel. (TM1)Rel.
(TM2)0p. (TM2)0p. (TM2)Rel. (TM2)Rel. (TM2)Op. (MM2)0p. (TM2)Rel.

(TM3}op. (TM3)0p. (mMs3)op. (TM3)Op. (TM3)Rel. (TM3)Rel. (TM3)Rel,

(mMe)op. (TMa)Op. (T™4)Op. (TM4)Op. (TH4)Op.

Timing for Dialing to Start

When the sender is selzed the timinge circult starts to measure a period
of from 20 to 40 seconds. If the first digit is registered in that time the timing
circuit i3 restored and starts again. Otherwise 2 permanent signal is registered
and the call is routed to a permanent signal trunk.

The (TH) interrupter is connected to an off-norsal ground lead through
back contact of relay (ALl), ond when relay (ON1) grounds that off-normal lead
the (TM) relays start to function.

If a digit is disled within the prescribed time it registers om the (A)
and (AA) registers and relay (ALl) operates from a front contact of the (AA) hold
magnet to lock up for the remainder of the connection. Relay (ALl) operated breaks
ground frem the (TM) interrupter and any cperated (TM) relays release. When the
{I¥) relays are normal, relsy (AL2) operates, to lock up for the remainder of the
connaction unless relay (ML) should be operated.

If a digit is not dialed within the prescribed time relay (TM4) operates
and locks and causes relay (PS) to operste and lock. The timing contimaes and if
the eall is not disposed of in 40 seconds (or more,) relays (TM3) and (IMZ) both
release, ceusing relay (55) to operate and lock. This operates relay (ML) which
calls in the monitor,

Timing for Dialing to Finish, Except Stations

When the first digit has been dialed the timing circuit starts again to
measure o poriod of from 30 to B0 seconda. If the units dlglt is registered in
that time, or the office codes completod in case of an operator call without mumber,
the timing circult is restored and starts agaln. Otherwise the sender monitor is
called in o supervise.

When relay (AL2) operates on the restoration of the timing circuit after

the registration of the first digit, it grounds the {T™M) interrupter through a back
contact of rilay (ULl). This starts the (TM) relays on another eycle.
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AB=-67
Page 2
2 Fages

If the units digit is dialed within the preseribed time it registers on
the (U) register and relay (ULl) operates from a front contact of the (U) hold
magnet, to stay up for the remainder of the coonection. When the dialing is com=
pleted on an cperator call without nusber relay (STL) is operated, which operates
relay (UL1), to stay up for the resainder of the comnection. Relay (ULl) cperated
breaks ground from the (TM) interrupter and any operated (TM) relays release,
When they are all normal relay (UL2) operates, to lock up for the remainder of the
connectlion.

If the digling is not completed within the prescribed time relay (IM4)
operates and locks in 20 to 40 seconds, and 10 seconds later relay (TM1) operates
and causes relay (ML) to operate and lock. This calls in the menitor, btut if the
dialing is completed before the monitor amswers, relay (ULl) operates, restoring
the (TM) relays and (ML) relay and the comnection proceeds ms if there had been

no delay.
Timi leas

¥hen dialing has been completed (excluding registration on the stations
register,) the timing circuit starts again to measure a peried of from 30 to 50
seconds, unless the call is routed through a distant office selector or is of a
FCI class, when the period measured is from 60 to BO seconds. If the call is not
disposed of and the sender released in that time, the sender monitor is called in

to supervisa.,

When relay (UL2) operates on the restoration of the timing circuit after
the completion of dialing, it grounds the (TM) interrupter and so starts the (M)
relays on another cycla.

If the sender is not releaeed within 30 to 50 seconds, and the (TW) and
(CL2) relays are normal, relay (TM4) operates and locke in 20 to 40 seconds, amd
10 seconds later relay (TMl) operates and csuses relay (55) to operate and lock.
If the sender is not released in 60 to BO seconds, with relays (TW) or (CL2) or
both being operated, relaye (TM3) and (TM2) release and with relay (TM4) locked
operated, relay (S58) will operate and lock, cesusing relay (ML) to operate and call
in the monitor, but if the sender is relessed before the sender monitor answars,
relays (55), (ML), and all other relays release and the sender signal is extin-
fuished.
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Coln Supervisory or Eey Puleing Sender Link
and Controller Cireuit

IB=T75 Junster or trunk selection.

AB=76 Begular and reserve tost for sander or coin supervisory
group, &lso sender or coln supervisory sircuit group
galection.

XB-77 Selection of key pulsing "A" sender or coln suparvisory

clreuit and release of controller eireuit.
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Colp Supervisery or Key Fulsing Sepder Link
and Controller Clrouit

Junct G Selection

Wonen this circuit is used to select an idle key pulaing sender, it is
started from ground on 2 start lend from an "A" switchboard district junctor
being used by the operstor. Likewlise, when this circuit iz used to select an
idle coin sapoarvisory cireuit for a coin district Junctor, ground iz placed on
the start lead.

The controller circuit may soerve one hundred "A"™ switchboard district
Junctors or one bundred coln district junctors. Although the circuits are
alike in both cases, separate frames are reouired since the "A" switchboard
district juncteors are connected to key pulsing senders, while the coln district
Junctors are connected to coin supervisory clroults.

There are two controller circuits associpted with each frama, known
as the "A" and "B" controiler circuits; the wiring is so arranged that some
groups of distriect junctors will hawve preforence to the "A" controller and
othar groups preforesce to the "EP controller.

Ground on the "ST" lead oporates a (G-} Telay in the cemtroller
eircuit associsted with both the "A" and "B" groups of links which correspond
to that group of ten district junctors, provided there are paths available
over idle links to idle senders or coln supervisory circuits througn both con-
troller circuits. This circuit is torough the (D) relay normal, through the
primary hold (3) magnets normal, through relay (GE-) norsmal over the "FAY
leads, through the {AG) and (BG) relays normal, over the "G" lead throogh the
(GE) relay normal, to the windings of the (G-} relaya. There are ten (G-)
rolays in sach controller circuit corresponding to the ten groups of junctors.
The ten (G=) releys of cach econtroller cirouit are chained so that when simul-
taneous calls are roceived only one of the associated (AG) or (BG) relays will
heve preference.

When both controller circuits are idle, the lowest mambered operated

{G-) relays cause a corresponding (AG) or {BG) relay to cperate. The [AG) and
(B6) relays corresponding to the smme group of junctors are arranged in a
chain circuit so that only one of the msscciated (G-) relays remains operated.
The (G-) relay of one of the "A" or "B" groups of links locks thromgh ite
nssociated operated (AG) or (BG) relay. The (G-) relay operated (1) operates
the (AG) or (BG) relay, (2) releases the (CB) relay which grounds the “CB"

) lead to start timing, (3) closes ground through relay (RL) and (TS) normal te

4 oporata relay (RS) and {4) operates relay (GE). Relay (GE) operated (1) opens
the cperate circuits to the (0) relays, (2) closes ground over the "GE" lead
to the (AG) or (BG) relay for use in cperating relay (D). The coperation of
the (AG) or (BG) relays operstes the mssociated (D) relay from ground over the
"GE" lead from the cperated (GE) relay. Relsy (D) operated, operates the (HA)
or (HB) relay sssoclated with the control circuit which is to handle the call,
as determined by the action of the (G), (AG) and (BG) relays. The (D) relay
operated, individualiges the ten "5T" leads so that they can be used for
identifying or selecting the junctor that started the call. When the (G-) and
{ac-Y or (BG-) relsye corresponding to that group of junctors in the other
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Junetor oy Truni Group Selection (Cont'd)

eontroller circult release, that controller circuit is released from this call
and is made available te handle calls for other groups. Slow release relay (RS)
operates to prepare the operate cireuit for relay (TS) ond when released by the
opaeration of relay (T8) allows a short interval to test for sender or coin su-
pervisory circuit groups having twe or more idle circuits before making this
selection on reserve basis, this is controlled by relay (RT) which operates
with relay (BS) normal and relay (T8) cperated.

Tha contacts of the operated (HA) or (HB) relay clese through the
ten "ST" leads from the ten junctors of the group being served to the primary
windings of the ten relays designated (TO) to (T9). One or more of these
relays may operate depending upon the mumber of simaltanecus calls started in
the group or all may operate if relay (D) is slow to open its break contacts,
The operation of one or more (T-) relays oparates relay (T5) from ground on
the lowest numbered operated (G-) relsay, through its associated (AG) or (BG)
relay cperated, over the "PA" lend, through relsy (GB) normal, throagh the
primary hold (B) magnet normal, over the "G3" lead, through relay (HA) or (EHE)
operatad, through relay (BL) normal, through the (T=) relay, through relay
(RS) . operated to winding of relay (T8). Helay (TS) operated locks and canses
relay (RS} to start to release. HRelay (T8) sleo prepares the locking circuit
for the (T) relays and the operate circult of relay (TE). The operation of
relay (TE) and locking of the (T) relay is delayed until relay (58) operates
to inpure that any other (T) relay remaining operated dus to the failure of
the {D) relay back contacts to break will be released bofore the locking cir-
cuit is closed. The operation of relay (355) following sender or coin super=-
visory circuit group selection causes the (TE) relay to operate and the lowest
mambered (T) relay to lock in parallel with relay (TE). When the (TE) cperates
it opens the circults for the operating windings of the (T-) relays.
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AB=76

Reogalar and Reserve Test for Sender or Coin Supervisory Group,

__Also Sender or Coin Supervisory Circuit Croup Selection

The operstion of relay (HA-) or (HB-) closed through leads "LE" apd
PLO" from ground on the back contects of the primary hold magnets (A) to the
windings of relay (L&) and (LB) through normal contacts of relay (53) causing
the (LA) and (LB) relays to operste if the corresponding link is idle. If
relay (SGE) is normel indicating thet the group of senders or coin suparvisory
eircalts is not being held by another link and controller circuit and two or
more circults in the group are idle, ground will be connected to the "GT" lead
under control of the chain contacts on the (5B-) relays to the windings of the
(8G=) relay associated with that group, which will operate if its cireuit is
closed through the (GB-) relay normal and the associated (LA) or (LB) relay is
oparated.

As shown on XE-75 when relay (TS) operates indicating that the trunk
has been selected, relay (RS) begins to release, relay (RT) operates when slow
release relay (RBS) is normal ond transfers the group test from the "GT" to the
RT® leads. There will be ground on the "RT" lead of 2 sender or coin super-
visory clircuit group if the group is not belng held busy by another link and
econtroller circuit or if the (SGB) relay is not operated indicating the group
is tusy. The (5G-) relay associated with the group will operate through relay
(GB-) normal if the associated (IA) or (LB) relay is operated indicating that
the corresponding link ie idle.

When one or more (S50-) relays have oporated on either regular or
reserve test, o circuit is closed to operate one of the four (LL) relays
aggociated with this controller circuit. This circult is closed from battery
throogh resistance (A) make contacts of the (HA-) or (HE-) relay over one of
the preference leads, depending on which group of distriet junctors are being
served, meke contact of the (56<) relay to operate the (LL=) relay sssociated
with (5G-) relay. The operation of tha (LL-) relay locks other comtroller
circaite out of the group, furnishes ground to lock to corresponding (3G-) relay
and operates relay (55).

Each controller cireuit has one (LL-) reley sssecisted with each (50-)
relay. Relay (55) operated (1) releases the (LA) and (LB) relays, (2) lecke the
loweat numbered (T) relay operated (see XB-75), (3) operates relay (TE) through
relay (T5) operated (see XB-75), (4) supplies a holding ground for relay (TS)
through the (T) relay operated (see XB-75), (5) connects greund frem relay (RL)
normal, through relay (56-) operated to operate the assoeiated (C-) relay and
(6) By-passes the operate circuit of relay {LL-) arocand the (T5) relay.

“
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XB=77

Selection of Koy Pulsing "AY Sender or Coin Supervisory Circult
and Relepss of Controller Circmit

When relsy (TE) operated, ground was closed through to cperate the
primery select magnet associated with the distriet junctor serving the call,
as indicated by the (T-) relay operated.

When a group of key pulsing senders or coin supervisory eircuits has
been selected as indicated by the operation of relay (C-), it closes through
leads "POY to "P4" one of which is grounded under control of an cperated (T-)
ralay. This ground will operate one of the {5-) relays indicating which key
palaing sender or coin supervisory circult will serve the call. Relay (5=)
operated (1) locks tc relay (C-), (2) opens the operating circuit to preceding
(8=) relays, (3) connects ground to lead "SC" of the selected sender or coin
sapervisory ciremit and (4) operates the secondary select magnet corresponding
to the selected sender or coin supervisory circuit. Relay (5-) cperated also
operates relay (SA) and (30E). Relay (5GE) operated causes the selected group
of five senders or coin supervisory circuits to test busy to other controller
circuits. The operating ground of relay (SA) is closed through its make contact
through a normal contact of relay (5L), through a mske contact of the operated
{56=) relay, over laad "HE" or "HO" to operate both the primary and secondary
hold magnets.

Koy Pulsing "AY" Senders use Figare 1

When relay (5-) cperated and grounded lead "SC," relays (S5C) and
(SC1) of the key pulsing sendor operate. With relay (5C1) operated a circuit
is closed to operate one of the (F=) relays in the sender from ground on the
HF=" lead furnished by the contreller to indicate which distriet junctor frame
is being used. When reley (5C) in the sender operated leads "5" and "SL" are
closed through to operate relay (SL) from the operating ground of the hold
magnots. Helay (5L) cperated removes the short cireuit from the winding of
relay (T5T) allowing it to operate if the sleeve is not crossed with any other
alecve, if the sleeve were crossod there would be ground on both sidea of the
winding of relay (TST) keeping it from operating snd cousing a time alarm.
With relay (TST) opersted relay (TC) will operate from ground at relay (TA)
normal, (5D) normal, (TST) operated to the winding of relay (DC). Relay (DC)
operated (1) locks to ground on relay (5A) operated, (2) closez ground to lead
"G3" to operate relay (ON) in the key pulsing sender. The (OR) relay operated
{1) grounds the "5" lesd to hold the primery end secondary hold magnets, (2)
grounds lead "SE" to operate relay (SBE-) in the controller circuit associated
with that sender, the (SB-) relay operated grounds lead "BS" to operate relay
{ON1) in the sender and grounds lead "RL" from the sender to the controller
circuit, the grounded "HL" lead operates relay (5D) which in turn operates
relay (RL) causing the controller circuit to releaso.

Coin rvisory Circuit use Figure 2
¥hen relay (S-) operated end grounded lead "SC" to the coin super-

vipory eirecuit, relay (5C) in that circult operated to close through various
leads.

Depending on what function the coln supervisory circuit is required
to perform, that is collect, return or test for a coin will determine which of
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Selection of Eey Pulesing "A" Sender or Coin Supervisory Cirecult
and Releape of Controller Cirenit (Conmt'd)

the relays (CC¢), (WC) or (OW) will be operated, but any one of the three
operated will operate relay (TR) which in turn grounds lead "SE" to operate the
(5B=) relay in the controller cirouit associated with the sslected eoin super=-
visory eircuit. The (5B-) relay operated inm turn grounds the "BES" lead to
operate the (Bl) relay in the coin supervisosy cireuit. When relay (SC) in ths
coln supervisery circuit operates leads "S" and "SI" are closed through to
operate relay (SL) from the operating ground of the hold magnets. Relay (5L)
operated removes the short circuit from the winding of relay (TST) allowing it
to operate if the sleeve is not crossed with any other sleeve. With relay (TST)
operated relay (IC) will operate, in turn grounding lesd "G5" to the coin super-
visory circuit and operating relay (B2) in that circuit. Lead "RL" ig now
groanded from the coln supervisory circult to toe controller cirecuit anmd in
tarn operating relay (RL) of the controller, causing the release of that circuit,
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TI EC

PURPOSE OF CIRCUIT

This circait iz part of the originating equipment of & crossbar
office snd is used in connection with subseribers' senders, key set WAV
gwitchboard senders, district link and comnector circuits, district
Junctors and office link and connector circuits.

Ite purpose is to decods the digits registered in the sender as
an offico code; to select and test the cutgolng trunk group and paths
theroto; to set up information in the sender for class of call, compensating
resistance, office selections, if any; to operate the proper magnets in the
district and office frames in order to connmect the district junetor to the
outegcing trunk and to transmit telking selections, =zone, charge and party
information to the district junctor circuit.
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SEIZURE BY LECO TOR

Wnen a sendor hos registered the three digite of the office code
or has registered zoro for the first digit or as soon as the sender recogs
niges the existence of a permanent signal condition, it calls upon the
decoder connector for & decoder. The decoders are furnished in a ecmmon
group and as soon as any decoder and tho decoder connector which that
sender usos are idle, the connector and the decoder are selzed for the
temporary use of the sender which is ccnnected to the decoder over & mumber
of leads.

With sender (DST) relay operated, battery is placed on the start
lead to operate the (S®5) and (CAl) relays in series. If scme other con-
nector circuit is not using the decoder, cperated {5F5) csuses relay (SA)
to operate and in turn relay (5B) operates. Relay (SA) opurated closes
through the start lead battery to operate relay (DS) which releases relays
(DAl) and (DA2) in the decoder marker. These relays released start the
timing eircuit by cperating (TMS1) and also operates relay (STX). Relay
(IMA) operates from the operated (DS) and in turn operates relay (IMB).
This relay operates relays (CER), (CBS) and (CBT) relays in the decoder
which supplies ground to operate the (CB) relays of all decoder merker
connector circuits asscciatoed with it, with the exception of the one in
use. This is accomplished by at the operated (DMA) relay shunting
the resistance battery of the (CB) relay in use.

With relays (sa), (sB), (sls), (DMA), (IMB) and (DS) operated,
maperous leads are clesed through from the sender to the decoder marker.
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XB=101

VING 1 TIOK ] AND OF REGISTEATION LEADS

With lead (CKG) grounded, a path is prepared for checking the
receiving leads from the sender. These leads are connected to six sats of
relays in the decoder. The (A). (B) and (C) register relays record the
office code, the (D) register relays record the class of subscriber calling
or whether an operator is making the call, the (F) register relays indicate
the district frames being used, and three miscellaneous relays operate ag
follows: (OF) for overflow indieation, (AR) for alternate route indication

end (TP) for tip perty indiecation.

These registration relays are grouped together in three groups.
The (F) and (D) relays on the "CK3" and "CK4" leeds; the (B) and (C) relays
on the "CK2" lead: the (A), (OF), (AR) and (TF) on the "CE1" lead. Chaeck
relays (CK1), (CX2) and (CK3) are used to check the above groups.

Chock leads CKl, CEZ and CE4 receive ground from relay (CE4)
normal and cheeck lead CE2 receives ground from relay (CES) normal. These
leads are comnected through to the sender.

The sender capuses the registration relays which are required for
this particular call to operate and with thes aid of the four check leads
caunes the remainder of the registration relays to operate, With all of the
relays oparated, three series paths are clesed through the three groups of
relays for operating the correspending (CEl), (CE2) and (CE3Z) relays. These
relays leck through back contacts on the (CE4) and (CES) relays.

The (CEl) and (CE3) rclaye having operated indicate that the (F)
and (D) registers and (A) and miscellanecas registers have properly fune-
tioned and in turn operate the (CE4) relay which locks to the "CEG" lead.
Similarly the (CE2) relay operates when the (B) and (C) registers have
properly functioned, which in turn operates the (CES5S) relay which also locks
to the "CEG" lead.

The operation of relays (CE4) and (CES) breaks the locking path
for (CK1), (CH2) and (CK3) relays, leaving them held only by the chain ¢ir-
cuits through the contacts of the recording relays. They also break ground
from leads "CEL1", "CE2", "CE3" and "CE4" which releasés all recording relays
connected to these leads in the sender, leaving only those operated which
were operated from ground inm the sender. Howewer, if any ons of the leads
connected to the UCELM, SCES™, SOHaW ap WOE4V lead on the sender is falsaly
grounded, the ground will back up over the "CE1", "CK2", "CK3" or "CE4" lead
and none of the relays in the decoder operated to that particular lead will
releasc,

i When at least cne recording relay in each ehain releases, the chains
are broken and relays (CF1), (CK2) and (CK3) release, but a falase ground
; preventing the release of any relay in one chain will prevent tha releass of
(CK1) and (CK3) or (CEZ).

With relays (CK1l) smd (CK3) released and (CEK4) operated, relay (CKS)
operates, causing relays (5T1) and (ST2) to operate. These relays cause relays
(ac), (acl), (DLX) and (5TX) to oporate; the funotiom of these relays will be

explained later.
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XB-1028

TRANSIATING OFFICE CODE

Relays (A1), (A2), (A4) and (AS) are cperated for the A register
in the sender according to the first digit dialed, relays (Bl), (B2), (B4),
(B5) and (B5') from the B reglstor according to the second digit, amd (Cl),
(c2), (C4) and (C5) from the ¢ register according to the third digit. Im
case the sender registers a permanent signal, relays (Al) and (Ad) are
operated.

The relasys for each diglt are operated in the following code.
The numbers of the relays add up to the number dialed.

Ho. Belay Operated

Disled (A} Digit (5) and_(C) Dieit
0 1=4=5 Hons
1 1 1
2 2 2
a 1-2 1-2
4 4 -]
7] b ]
B 1-5 1-5
7 2=5 2-5b
B 1-2-5 1-2-5
8 =5 d=5 =

The firat digit of a three digit code is some number from 2 to 9.
As soon as relay (CEl) relemses, one of the fifties relays, designated (32 to
H9) and (H2' to H3'), operstes. When O is recorded as tho A digit or when a
permenent signal is recorded, no (H) relay operates, but one of the terminals
BOF or "PSY ig grounded.

The second digit of tho three diglt code which can be dialed by
the subscriber is some rumber from 1 to 9. When the (CE2) ralay releases,
one of the tens relays (THO) tc (TH4) operates as controlled by (Bl), (B2),
(B4) and (B5).

The third digit of a three digit code which can be dinled is some
number from 1 to 9, When the (CE2) relay releases, ono of the ten make con-
tacts of the tens rolays is grounded as controlled by the (C1), (C2), (C4)
and (C5) relays.

The result of oporating one (H) relay end one (TN} relay and of
grounding one contact of the (TH) relay, closes a cirecult to ground one of
the B00 terminals connected to the contacts of the (H) relays. These termi-
nals represent all three digit codes and together with termipals "0 and "PS0
represent 8502 separate indications for any registration the decoder can
receive from & sender.

Ground on one of thesu contacts causes the operation of the proper
route ralay.
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XB-103

RECORDING CLASS OF SERVICE

The cireuit is designed to accomodate a maximum of 14 classes
of service, where calls for certain codes are routed differently or
charged differently on aceount of zone servies or because different
classes of subscribers require different trunk groups to the special
service or long distance operator. Number 8 of the 14 classes is used
exclusively for an operator's class.

According to the class of service, the sender grounds any one
of "D1W, "pEM  OD4N pr PDA" leads. A total of 14 combinations is poseibdble,
Grounding lead "D1" sperates relay (Dl) and so on for relays (D2), (D4) and
(pa).

When rolay (CE3) releases, one of the relays (50-513) operates
according to the setting of the (D) relays.

If less than 14 classes are required, only the (D) and (5)
relays reguired need be furnished.

The geveral combinations of leads grounded by the senders, the
(D) relays necessarily furnished and cperated and the (5) relays operated,
are shown in the following table:

Lead Relay Relay
Grounded Cperated Operated Class

Hona Hone 80 1}
ol m 51 1
e 2 52 2
L1-2 Dl=2 53 3
D4 D4 54 4
Dl-4 Dl=-4 55 2
DE=4 D=t 56 B
Dl=2=4 Dl=2=4 &7 7
D8 s . 58 B
Dl-B Dl-g 59 9
[2-8 D2-8 510 10
Dl-2-8 Dl-2-8 511 11
Dd=8 Dd-E 512 12
Dl-4-8 Dl-4=B 513 13

S
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XB-104

RECORDING DISTHICT FRAME IHDICATION

Relays (F1), (F2), (F4), (F5) and (F10-F10') are cperated from
the freme register in the sender according to the number of the district
frame through which the call is being ériginated.

The relays for each freme are operated in the following order, so as
to record tho district frame musber in the decoder marker!

Frame Relay Frame Relay
Rumber Operated Humbaer Operated
0 Hone 10 F10-101
1 Fl 1 F1-10-10"
2 2 13 F2=10=10"
3 Fl-2 13 -2-10-10"
4 F4 14 F4-10-10"
5 FS 15 F5-10-10"
8 Fl1-5 16 Fl-5-10-10"
d Fz2-5 17 Foe5-10-10"
B Fl-2-5 18 Fl-2=5-10-10"
9 F4-5 13 F4-5-10-10"

With relay (ST1) operated, ground is closed through the contactes
of the (F) relays to one of the leads (DF-0-19) and operates the corre-
spondingly rusbered relay (DFO) to (DF19) which corresponds to the mumber
of the district frame.
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E8=-105
TRANSMITTING INFORMATION TO THE SENDER

When an (R) relay operates with its contacts grounded, it
grounds seven terminals designated OB, OF, 8B, 56, CH, CL and 5F, indivi-
dually to that relay. The decoder transmits six major and six mincer items
of information to the sender by means of six groups of transmitting relays,
each controlled by one male contact of the operated (B) relay. If there is
any charging information to be transmitted to the district, it is dome By a
group of transmitting relays operating in series with the (R) relay.

The six groups of tramsmitting relays control six groups of leads
over which the information is tremsmitted. The following table gives the
master desigmation of the group of relays, the items of informatlom, and
the leads used. In each case the major item is given first in the table
and the minor item follows it.

Group Item of Information ds Us
OB Office Brush 0Bl .0B=2 ,OB4
0B Stations Delay D, 501
0G Office Group OG1,0G62, 0G4, 0G5
oG Skip First Office S0
5B Secopd Qffice Brush SE1,S5E2,5B4
8B Second Qffice Comp.Resis. CRB,CR7
8G Socond Office Group 501,502, 504,565
86 Sklp Second Office B30
c2 Companaating Rosistance CR1,CR2,0R3,CR4
CR Prunk Test Relay (TG) or (UTG) CRS
CL Class of Call CL1,CL2,CL3,Cl4
CL Two-wire Office i

TRANSHMITTING COMPEMSATING HFSISTANCE INFORMATION TO SENDER

The group of (CR} relays for transmitting to the sender the first
office compensating resistance information, consists of relays (CRO) to
(cr9), (CRA) to (CRC), (CEP), (CRS) mnd (¥CR). Relays (CRO) to (CR9) are
doable wound, one end of esch winding being wired to a terminal for croses-
connection to the CR terminals of the (R) relays: thus on esach call the
operation of an (R) relay causes the operation of one of relays (CRO) to
(CR9). With the (CRD) relay operated, none of the leads "CRH1™ to "CR4"
is connected to ground, but with any one of relaye (CEl) to (CRS) operated,
gither one or two of theses leads are connected to ground through the wind-
ingas of either or both of tho (CHB) and (CRC) releys. The secondary wind-
ings of tha (CRO) to (CE9) relays are comnected to battery through the
windings of the (CRS) and (XCR) relays in series. The primary windings of
thesa“relays are connected to battery through the windings of the (CRF) and
(XCR)} relays in series. The (XCR) relay oporates only when more than one
of the mumbered relay windings is grounded, in which cese the operation of
the (ACR) relay comses the operation of the decoder (I00) relay, thus
blocking the eall,

\
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The compensating resistance for use during and after trunk test
is trensmitted over the "CR3"™ and "CR4" leads. Whon there are no office
selactors to be set up on the partiecular call, then the relays operated
and leads to ground for the various compensating resistance eomnditions are

as follows:
Cofp -
Hesis.
Check
Truank Leads Relay Relays
Tast Greunded Cperated Dperated
L] Hona CRO Honea
300 CR3 iGR4 CHB
BOO Ohd NET CHE
00 CR3-0R4 CRS CHB-CRC

The compensating resistance for use during a single distant office
test and selections ond during apd after trunk test is transmitted over the
gEie WOESR. WOREN and "CR4AM leads. The leads grounded and the relays
operated for the various compensating reslstance conditiecns are as follows:

Comp .
Resis,
Check
Office Trank Leads Belay Eelays
Test Tast Grounded Operatad Opergted
00 0 Hone CRD Hone
800 0 CR1 CRl CHB
200 o CR2 Ch2 CHB
0 0 CR1-CR2 CR3 CHB-CRC
200 300 CR3 CR4 CHB
600 300 CR1-CR3 CRE CHRB-CRC
' SO0 200 CR2-CR3 CRS CRB-CRC
200 GO0 Ch4 CR? CEB
&00 &00 CR1-CR4 CRE CHB-CRC
200 900 CR3-CR4 CR9 CHB-CRC

When cne of the (CRO) to (CR9) relays is operated through its
primary winding, the operation of the (CRP) relay connects the winding of the
(CRA) reley to lead "CRS" and causes the sender to substitute the (MTG) relay
) for the (T0) relay which is required when the incoming selector is of the
type which has battery and ground connected to the trunk while returning to
normal. When one of the (CRO) to (CR®) relays is opersted through its

secondary winding, the (CRS) relay operates instead of the (CHP) relay and
doess not ground lead "CRSM,

The drawing XB-105 explained the operation of the CR group.
Other groups function in a similar mannar,
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The following tables and explanations show the relays and leads
used to transmit the informaticn to the sender:

{0B) Group
Check

Office Leada Relay Ralays
Brush _ Groanded Operated Operated

0 None QB0 Hone

1 0Bl CEL CEB

2 47 OB2 OEB

3 OB1-0B2 0B3 OBB=-0BC

4 QB4 B4 OEB

0 5D OBS CEB

1 SD-0m1 OBs OER-0BC

2 SD-0n2 OB? OBB-0BC

3 ED-0B1-0E2 oBa OBB-0BC-0BD

& SD-054 OBS OBE-0EC

Stntion Delay

Tha "5D" apd "SDI" leads are or are not grounded indicating to the
sender whether or not the called office reguires the sender to delay after tha
fourth mamerical digit of the called number has been dialed for a possible
fifth numerical digit or a station's digit. The "SD" lead is grounded on all
calls, except those to manual offices having some party lines with station
letters. The "SD1" lead is grounded on all ealls, except those to manual of=
fices baving some lines with S-digit nusbers. The "SD1" lead is grounded
througn the winding of the (0BEA) relay when any one of the (0BJ) to (OED)
relays are enorgiged on their primary windings.

(06) Group
Check
Office Leads Reley Relays
' Group Grounded  Operated Operated
a Mome OGO Hone
1 061 0G1 0GB
2 062 0G2 OGE
3 0GL-06G2 063 OGB-0GC
4 QG4 0G4 OGEB
5 0G5S 0G0 OGA
J & 0G1-0G5 oGl OGA-0GB
7 062 =065 oc2 DOA-0GB
] 061 -062-0G5 063 OGA-00B-000
9 0G4 -0G5 004 0GA-0GE

Skip Firast Office

The "OG5" lead is grounded through the winding of (OGA) relay when
any one of the (0GO) to (0G4) relays is energized on the primary winding.
The (0G5) relay when operanted grounds the “50" lead to indieate to the sender
downloaded ftomt TICELibraty:- httptMww telephbinecollettors:tinfo - Source: Connections Museum, Seattle, WA
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Page 4
4 Peges
CL Group
Check
Leads Helay Relays
Clase of Call Grounded doerated Operated
Full Sel.to Panel Off. Hona CLO Nong
Fall Sel.to Crossbar Off. CLl CLL CLB
Bostricted Code Herouted
Direct to Operator and
Overflow on All but Zero
and Three Digit Operator
Callg CL#4 CL4 CLE
FC1l Tandem CL2-CL4 CL3 CLB-CLD
Gl Direct CGL1-CLa-CL4 CL2 CLB-CLo-CLD
Official Code, Dial Zero,
or Permanont Slgnal
Ddrect to Operator and
Ovaerflow on Call to
These Trunk Groups CL3-CL4 CLG CLe-CLC
Officinl Code Through FCL
Tandem CL2-CL3-C14 CL5 CLB-CLC-CLD
Iwo-wire Office

The "Fi" lead is grounded through the winding of the (CLA) relay
when any of the (CLO) to (CLS) relays arc energized on their primary windings.
When this lead ie grounded, information is transmitted to the sender that the
eall iz to be routed through one or two office selectors or through full
soloctor tandem equipment for the purpose of extending the time out period for
stuck sender. It is also grounded on certain operator class calls for the
murpose of short circuiting the winding of the sender (OF) relay on trunks

| that normally return reverse battery during trunk test. Also on calls from
ey palsing "A® senders to cortain types of operators' trunks reached directly
from the distant office multiple, it cauees o heavy positive pulse to bo
tronsmitted following (TG) tests.
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XB-106

OPERATION OF TFE (TK) RELAY INDICATING THAT
THE THANSMITTING FELAYS BAVE OFERATED

When & roate relay is operated with ground supplied to its
BOBY, "OG®, "CR" and "CL" terminals and also "SB" and *SG" terminals if

a second office frame is used, the corresponding transmitting relays
operate as has beon described.

When and only when the proper combination of leads and windinga
of thege releys are grounded, & path may be traced through the proper
combination of these reluys to operate the (TE) relay.

The attached drawing shows one of the cosbinations which may be
sat,
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XE=-107

SELECTING A PAIR OF OFFICE FRAMES AND ASSOCIATIHG THEM
HITH THE DISTRICY FRAME ORIGINATING TIE CALL

When the route relay operates and its associated ground supply
relays (GS1-4) and (Gl-4) are not operated and there is no call in the
marker stage, the decoder marker proceeds to cause a pair of office frames
to be connected in order to test for and find an idle trunk to the de-
gired office.

The pair of office frames is picked by placing resistance battiery
on the office "ST" lead, causing the (MF) of tho cireuit associated with
the marker to operate if not in use. Relay (MP) operated causes relays
(MCA) of ewen office freme and (MCA) of odd office frame to operate. Relay
(MCA) of the office cperated grounds the "OE" lead. This operates the par-
ticular frame relay (0-0) to (0-2) ecorresponding to the office frame se-
loctad.

The office (MF) relay also places resistance battery on the "EDM
lead through the operated (IF-) reley corresvonding to the district frame
used by the originating call, to operate the (MP) relay in the distriet
link and connector circuit. With this relay operated, the (MCA) and (MCE)
relays of the district are operated, also groand is placed on the "IE"
lead to the marker which goes through the marker and leaves as the "DQ"
lead, passing through the decoder marker connector, originating sender,
and subscribers' sender link and control circuit to the distriet junctor
to operate relay (F) of that circuit.

With relay (F) operated, it operates its select magnet on a
primary switch of the district link: and conmector eircuit, also the (LC=)
relay associated with that primary switech. The distriet junctor (F)
relay also closes through the "DCV lead to the make contacts of the oper-
ated (LC-), which contimies to a make contact of the (MCA) relay to re-
turn to the marker as the "AK" lead, operating relays (AK) ond (AK1).

A eircuit is now closed to hold the district juncter (F) relay
operated until the marker has completed ite Panctions,
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Fhen all trunks of a group are busy, the (TB) relay cperates as
shown on (XB-112). With the (TB) relay operated, ground is closed over
the "IB* terminal of the route relay to operate the (TBE-) relay of the
groand supply group which is serving the route relay. The operation of
the (TB-¥ relay operates the (GS-) and (G-) relay Associated with it.
This opens the circuit to the transmitting trunk level, group start and
groap end relays, also the "ST" lead.

With the (G=) and (R) relays operated, the "RA" lead is closed
to ground to operate the (R) relay of the next group of trunks which may
be the second reguler group, an al ternate group or overflow group.

The operating cireuit for the (GS1) relay is different than that
for the (0S) 2-4 relays in order to reduce the mmber of route relays for
the alternate routes through office fremes. The decoder is arranged to use
the original route relays in ground supply Group No. 1 that have alternato
trunks through office selectors to transmit the required office brash and
affice group selections to the sender. This reduces the route relays for
alterpate routes through office selecters.

When tho office selector alternate route relay is cperated,; elther
because the sender is asking for the alternate route on a second trial, or
because of an all trunk busy condition in the orlginal route relay trunks,
provisions mast be made for meking the "O0B", "OG" and "CL™ terminals from
the original route relay in the ground supply Group No. 1 effective, in
order to tramsmit the required information to the sender for the alternate
route through the office selector.

The "S5F" terminals from the office selector alternmate route
relays are cross-connected so as to operate the (TWA) relay. The (G51)
relay was operated either from the (AR) relay or from the (TBl) relay.
The cperation of the (TWA) relay will release the (GS1) relay and, since

' the original route relay is still operated, the release of (GSl) relay
will close ground again through the contacts of the original route relay
to the reguired points for transmitting information to the sender for the
office selector alternate route.

The "SF" terminal of the original route relay is ¢ross-connected
to the (0G5) relay to give a skip office indication. The "SP" lead is
under control of the (Gl) relay, so the skip office indication is not

J effective when the alternate route is used.
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LEADE FROM GROUND SUFPLY RELAYS TO ROUTE RELAYS

The "0B" or office brush terminal of the route relays receives
ground when relays (TB) and (G5-) are normal. The "OG" or office group
terminal of the route relay receives ground when ground is connected to
either the "SPA" or "SFB" or "TWA" or "IWB" termimnl. This ground is
pupplied from the "SP" terminal of the route relay. The "CL" or class of
call terminal receives ground when relays (G5-) and (TB) are normal.
Permlnals "CR", compensating resistance, and "SP", speclal, receive ground
when relays (G-) and (TB) are normal. Terminals "TL", trunk level, "GS9,

oup start, and "GE", group end, recelve ground when relays (G-), (5T4),
ﬁ;m? and (MRL} are normal. Terminal "ST", start, receives 226 chm resis-
tance battery from the (5T1) relay cperated through the timing relays
and several other relays to the (G)l-d relays. In the case of the (G1)
relay, it continues through a normal contact of the (TWA) relay to the
"ST% terminal and, in the case of the (G)2-4 relays, it goes directly to
the "ST" torminal without golng through the normal contact of the (TWA)

raloy,

When the (G-) relay of a ground supply group is operated and
ite (TB=-) relay has returned to normal, the "HAY" terminal is grounded to
oparate another route relay in vhatever group the next group of trunks
are located. Terminal "TB" is used to operate the (TB-) relay of the
ground supply group when sll trunks of that group are busy, which ceuses
the (TB) relay to operate, grounding the "I'B* terminal.

The terminals for the second office brush and group are not
shown on this drawing.

The "P3" terminal is provided from the route relay to furnish
means for operating a reglaster and thus rocord the musher of calls routed
to a particular trank group. When & route relay operates and its asso-
clated ground supply relay (G1-4) is normal, a register cross-commected
to the particular "PC® ferminnl will be operated. On trunk groups that
have two route relays, tho "PO" terminsl of only the first choice route
relay should be crosg-connected. The "FC" terminals of the second choice
route relays should pot be cross-connected because if thoy were, the
trunk group peg count register would bo operated twice whenever the sec-
ond cholce route relaoy was operated on finding all trumks of ome of the
first choice trink sub-groups busy.

The "0F" terminel is provided to farnish means for obtaining o
record of the muwber of times that a call iz originated for a trunk group
and all trunks of the group are found busy. The (TBl-4) relay of the
group found busy will be opernted, grounding the "OF" terminal and operat-
ing the overflow register associated with the particular trumk group. On

J trunk groups that have two route relaye, the "OF'" terminal of the second
eholes route relay should be crossg-connected to the required polint while
the "OF" terminal of the first cholee route relsy should not be cross-
connected. This is to avold falsely operating the overflow reglater on
going to the sgecond cheice route relay when one of the first cholce sub-

groups of trunks is found buasy.
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The ground lead to the "FC" and "OF" terminals is opened on the
contacts of the (IMT) relay, so that these registers will not be operated
on sondar test cirouit ealls and deeodor markar test calls,
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XB-110

OFERATING THE TRUNK LEVEL HELAYS, INDICATING SFLIT OR
HOH-SPLIT TRURES AVD INDICATI }

VSN AND ODD
OFFICE FRAMES ARE PREFARED TO HAVE TRUHES TESTED

When the route (R) relay operates, ground is placed on the "TIV
lead, operating one of the fourteen (TL) relays. If more than one should
operate, the marginal relay (XTL) would oparate, bringing in a trouble
eondition.

With relay (TL) O operated, ground is placed on leads "TLO® even
and odd to the pair of office frames that woere previously started and have
their (MCA) relays operated. Leads "TLO"™ even and odd cause the {TL0) relay
in both frames to operate. Reley (TL) of the office is eross-connected to a
(TR) relay which would be another trumk level.

The trunk level is the level at which the trunks appear on the
secondary switches. Relay (TL) indicates the level on the left half of the
secondary switch and (TR) indicates the level on the right half of the

gecondary switeh.

The trunk level releys in the office receive their battery from
the (S5) relay corresponding to their level. The (55) relay when cperated,
operatos the proper secondary select magnets. This will be explained later.

The {TL) and (TR) relays alsoc indicate to the decoder marker
whether the trunk group is split or non-split. In the case of a split group
the ¥SP* punchings on tha (TL) and (TR) relays are cross-connected, shown
as X wiring on the drawing, grounding lead "SP" to the decoder marker. If
the trunk group is mom-split, the "N5" punchings of these relays are crosg=
connected, showm ae Y wiring, grounding lead "N3". If one office frame for
a8 particular level la split, its mete frome must also be aplit and the
game holds trus for non-split levels.

Assuming the trunk groups are non-split with the (TL) and (TR)
relays of both office fremes operated, the "H5" leads, even and odd, would
be grounded, causing relays (HSE) and (NS0} of the merker to operate. With
both of these relsys operated, ground iz removed from the negative side of
the secondary winding of relay (PT). This has been holding the (PT) relay
non-gperated. It will now operate after the condenser has discharged and
charged. The purpose of operating this relay ond reason for the delay
will be explained later.

In the event that only one of the (NS) relays should operate,
relay (PT) could not operate and would canse the marker to time out, pro-
vided the (AR) relay had not been operated. The same condition appliez to
the (3P) relays.

When the (AR) reley is operated, indicating an alternate route,
call relay (BF) is operated which in turn operates relays (ARl) and (AR2)
which lock, Upder this conditien, if cither of the pair (WSE) or (NS50)
fails to operate, the {(XBO) or (XBE) will operate, (XBO) operating for an
odd office frome failure and (XBE) for an even office frome failure. The
same is true for a split condition. With either (XBO) or (XBE) operated,
the slow release (EF) relay releases, operating relay (BO) if (XB03) i=
cperated, or operating (BE) if (XEE) is operated.
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With relay (BO) operated, it grounds the "I leads for the odd
office frame trunks giving the indication that these trunks are busy:
glso 1t connects together the "HS" leads and the "SP" leads of the two
of fice frames. Relay (BE) performs a similar function for the trunk of

the even office frame and treats the "HS" and "5P" leads in & like manner.

Wwith the "H3" or "SP" leads connacted together, when one of the

lends is grounded it places ground on the mate lead, thus operating both
the (NSE and WS0) or (SPE and SPO) relays, allewing the (PT) relay to

gperate in the usual manner.
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XB-111

COMNECTING FORTY "S1" LEADS FROM A PAIE OF OFFICE FRAMES
T THE DECODER MARKER, USED TO TEST FOR BUSY THUMES

With the operation of the (MCA), (TL) and (TR) relays of the
pair of office frames, forty "51Y leads were closed through to the decoder
marker to teat for busy trunks served by the (TL) and (TH) relays.

Although forty trunks are tested to determine whether they are
busy or not, the decoder marker only deals with the trunke of the group
being ueed. This group may range from 2 to 40 trunks and is controlled
by the group start end group end relays of the marker, which will be
explained later.

The trunk groupe are shown on the attached drawing as split
groups. In the case of non-split groups the trunk would extend through
the left and right halves of the secondary effice switeh.

Twenty "S51" leads come from the even office frame designated
"S1" ELO to "S1" ELD and "S1" ERO to "S1" ERD, likewise twenty "S1" leads
come from the odd office frame designated "S1" QLD to "S1F QLS and "S1" ORD
to "31° QRO.

When outgoing trunks are used in common with a panel office, the
"51" punching of the outgoing trunk is connected to the "S" punching of the
panel trunk, in order to give a tusy indication if in use at the panel
office. A busy condition will also be recognigzed if the trunk is mede busy
er in use gt the 06T board or automatic Iincoming test frame.
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iB-112

TEUNK GROUP START AND END ALSO TRUMK SELECTION

Although the sleeve leads of forty trunks have been closed
through to the decoder, the particular trunk group required may be of any
number from 2 to 40. It is, therofore, necessary to determine the first
and last trunk of the desired group, in order to choose an idle trunk
within the desired group. This information is obtained from the route
relay, torminals ®G5" and "GE", which indicate the group start and group
end points. These terminals are crosg-connected to the (TG=) group start
and (TG=) group end according to the size and location of the trunk group.

As steted sbove, & trunk group or sub=group may consist of any
number of trunks from 2 to 40, except that the arrangement provided in the
decoder marker euts in an even mamber of tranks. That is, it cuts in 2.4,
G and 80 on up to 40 tranks. If the particular trank group or sub-group
should consist of an odd mimber of trunkes as 1,3,5,7,ete., up to 39 tranks,
il then the unused trunk on the office switch is made to appesr busy by con=-
necting ground to PS17 terminal corresponding teo the umised trunk.

The arrangement in the decoder marker for cutting in a trunk
groap is p complete cirele arrongement and, therefore, the start point =may
be at any of the 20 start points in the elrele. For instance, assuming a
trunk group of 40 tranks, the start peint need not necessarily be at "ELOM
with the end point at "OLO7, but instead the start point may be at any
other point frosm PELOY, as for inatance, "ERL", WEL3W BERIM and so on up
to YEL9Y. The corresponding end point for a 40 trunk group would then ba
"OLO® for start point "EH1" and "OR1" for start point "EL2", and "QL2"
for start point "ER3", and so on up to "ORB™ for start point "ELI",

On the attached drawing the first and tenth group of (TG-), (T-),
(P-) and (E-) relays are shown.

The following table shows the ordor of appearance of these relays
in the toen groupa!

First Second Third Fourth
Group Bolay Relay Belay Belay
1 ELD QLo ERml OEl
2 EL2 oL2 ER3Z OR3
= EL4 QL4 ERS ORS
4 = ELS QL& ER7? OE7
5 EL8 QLB ERS 0ORg
& ERD QR0 EL1 0Ll
7 ERZ OR2 EL3 OL3
B ER4 OR4 ELS OLS
) 9 ERG CRG EL7? OL?
g 10 ERB ORB ELS QL9

The mameral O to 9 following tho relay designation corresponds to
the affice secondasry switch mumber and the same holds true for the "51" leads.
Assuming a group of six trunke were assigned, atarting with "EI4" and ending
with *0LE®, the first trank would be on oven offico frame $1 socondary switch
left side, the svcond on odd office frome $4 secondary switech left side, the
third en even office framue §5 secondary aswitch right sida, the fourth on odd
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office frame #5 secondary switch right slde, the fifth even office frame #6
gecondary switch left side, and the sixth odd office frame $#6 secondary switch
laft side. The trank levels at which these traunks appear on the office sec=
ondary switches are controlled by the (TL) relays for the left side and (TR}
relays for the right side.

Any "51" lead which is grounded will operate its corresponding (Pe)
y relay which in turn operates the (T-) relay asscciated with it. Only the (F)
and (T) reloys between the group start and group end points are used on this
call, although others may operate. If 211 the (T) relays between the group
gtart and group end polnts should operate, & clreuit is closed to operate the
. (TB) relay, indicating the trunks cof that sub-group are busy.

The (PT) relay was made slow operating in order to allow time for
all of the (P) and (T) relays to operate that were going to bae operated.
When the (PT) relsy finglly operates, it closes ground through contacts of
the (TEE) relay through the operated district frome (IF-) relay, through
the normal or operated contacts of the (AR1) relay to the operated group
stert (TG=) relay to the (T-) relay, representing the firet trunk of the
group, thence through the chaln contast until it finds the firet unoperated
(T-) relay. The path is then contimed through the back contact of this
uncperated (T-) relay to the winding of the associated (E-) relay which
operates and locks. The (TEE) relay releases, opening the operating eircuit
to the (K) relays.
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¥B=113

DOUBLE CONNECTION TEST - CHECK OF "S" LEAD -
RELEASE OF iﬂﬂﬁi EEL&] ON _MATE OFFICE FRAME

z TRUNES USED
H _DECO HMARKE PAl ICES

Wnen relay (ST1) operated, a path was closed which operates the
(DT2) relay under control of the (EL)., (OL}, (ER) anmd (OR) relays. This
operates the (DT1l) relay. When the (E-) relay operates, the ground that
is operating tha (DT1) relay is connected to the "S1" lead of the selected
trunk. This is to make that trunk test buay to ancther decoder and to
panel selectors on trunk groups used in common with panel. The (K=) reley
also operates the corresponding (EL), (OL), (ER) or (OR) relay. Assume
the first idle trunk to be on the even office frame left side, the (EL)
relay would oporate. This relay in operating removes ground from the
winding of the (DT2) relay, which releases. Thie in turn removes the oper-
ating ground from the (DI1) relay whose winding is now connected through
the operated (K-} relay to the "S1" lead of the chosen trunk. If some
hunting panel selector which may have chosen the same trunk at the eeme
moment has not grounded the "S1" lead, the (DT1l) relay will now release,
again connecting busy ground to the "S1" lead from the (S) relay normal.

CHECK FOR FALSE GROUND ON OFFICE "S" LEAD

The (K=) relay also comnects battery through the winding of the
(X35) relay to the "5" lead if some trouble condition allows a trunk to be
selected as idle and yet thers was a ground on the "5" lead, or if this
lead should becoma grounded after the trunk was selected, tut before the
hold magnet has been operated, then the (X3) relay will be operated and
locked. The (XX2) relay will then be operated and the call blocked. The
trouble indicator circuit will be called in to take a record of the condi-
tion, after which a trouble rclease signal will be given the sender through
the district, except whon the sender is asking for overflow. The (EL)
relay will be operated and the decoder marker will rolease as described
under "Trouble Release.”

When the (HEMT1) relay has released (which will be explained later),
the path from the "S" lead to the winding of the (XS) relay is oponed.

RELEASE OF (MCB) RELAY ON MATE QFFICE FRAME

The decoder marker is connected to a pair of office frames by the
operation of two (MCA) and two (MCB) relays in the office link and comnector
cirenlt.

In order to prevent interference while teating for an idle channel
from the office frame used, it is necessary that the (MCB) relay of the frame
not in use be released. This is done by opening the circuit through which
the (MCB) relay is operated on thu contacts of the (EL}, (OL), (ER) or (OR)
relays. The (EL) or (ER) which operate when a trunk is selected on the even
frame, roleases the (MCR) of the mate or odd frame, while (OL) or (OR)
ralenges the (MCB) of the mate or even frame.
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XB-114

OFERATION OF SELECT MAGNETS ON OFFICE SECONDARY SWITCHES

When a split group of trunks is used, two trunks appear on the
eplit level of each office secondary switch, if all levels were split, a
secondary switch could serve 20 trunks, 10 from the left half and 10 from
the right half. When none of the levels is split, a secondary ewitch can
gerve only 10 trunks; since the same trunk appears on the left half level
as on the right half of the szame level.

A switch may have some levels split and others non-split, btut in
this case the same levels mast be split on all secondary office switches of
the palir of frames, and an even mumber of levels must be aplit on each

gwiteh.

In the case of a non-split group, when it ls desired to have more
than ten trunks in a group on an office frame, it will be necessary to have
trunks of that group appesr on more than one level of a secondary switeh.

In order to operate the select magnet on the level of the selected
trunk, the proper (55) relay must be operated.

When an even level (TL) relay is operated the next higher level
{TR) relay is operated and when an odd {TL) relay is ocperated the next lower
(TR) relay is operated. With this arrangement a failure of a particular (S8)
relay would only affect half of a group of trunks, served by a particular

trunk level indicatlion.

Assume that the left half trunk appeared on "0V level and the right
half trunlk appesared on "1" level. If the right half trunk was selected, the
"SME" lead would be grounded, operating relay (55) 1 which in turn would
gperate the §#1 select magnet on each of the ten secondary switches. PBut if
lead "SML®™ was grounded, relay (5%5) O would operate, in turn operating the
"o" select magnets of the ten secondary switches.
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XB-115
SENDER FELEASE

When the code infarmation has been properly rocorded in the decoder,
the proper route rolay operated, and the information for the proper satting up
of the call transmitted to the sender, a path is cloood for operating the slow
operate (TK) relay. This relay ie made slow-operate in order to allow suf-
ficlont time for the register relays in the mendar to operate before the con=
noetion to the sender is broken down.

The path for cperating the (TK) relay is opencd om calls from an
operator's aender whore the operntor keye a blank codo or & code that should
not be routed over the particular type of trunk that she has plugged into.

In thess cases, the (EF) relay is operated in series with the route relay and
in turn operates the (XPl) relay. The (RO) lead to the "A" sender iz also
grounded. This causos the operatlom of e reley in the sonder which in turn
causes & lamp at tho "A® operator's pooition to flash as a signal that somo-

thing is wrong.

When the (TE) reley has operated in the casp of a call from an "A"
cperator's sendsr that io routed over a direct trank through a two-wire office
selector and on sender test circuit ealls, conneetion is not made to a dia=
triet frame. In thesc casea ground is connocted directly to the "REL" lead
through the decoder commector to the sender.

For all types of calls, axcept those just mentioned, when the (TE)
relay has opersted, and with the district frame comnactod and with the (AK)
and (AX1) relays operated and when a trunk has been found and the (TEE) relay
hss been relessed, thon a path is ¢closed for operating the (SR) relay. The
(5R) relay, in addition to furnishing locking ground for mamercus rolays that
would ctherwise release when tho decoder connector releamses, also grounds the
YRLY lead to the sender.

¥hen the "HL® lead to the sonder is grounded, the (DRL) relsy of
the sender eoperates, whish removes battory from the start lead to the decoder
connector circuit vhich releases, brosking all connections betweon the sendor
and the decoder through the decoder connector. With relay (5R) operated, tho
district link and connector circuit is locked to the marker over leads "DEM
and "AKY (oo XB=-100).

Oponing the lends through the deccder conncctor releases all the
(&), (B), (€}, (D}, (¥), (am), (0F), (TF), (TWO-4), (H), grouring, and (50-13)
relays that smre operated. The roate rolay or rolays and the tranemission re-
lays are alaso relessod.

Among thoe leads broken by the decoder connector is thoe PCEGY lead.
This releases the (CK4), (CX5) and (CE6) relays. The (CES) relaye cpens the
J ground that was connected to the "EL" lead, 20 that in case the decoder is
' immediatoly seized again, the "EL" lead will not be grounded and give that sondor
a prematare release signal. With the (CES) relay released, the ground that
is holding the (ST1) and (572) relays is cxtended to the winding of the (573)
relay which now operates. The (5T75) relay operates, opening the "IK", "RI®
and "TRL" loads which wore opened on the (5T3) rolays. It is necessary, how-
over, to open them also on the (5T5) relsy to provent the possible false closure
of ground to those leads, should the fﬂIE} rolay be again operated due to
another call in the decodor stage, and should the (5T3) relay release beforas
the (5T1) relay, on the rolease of the marker at the completion of a eall.
downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA
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The (5T5) opens the operating and holding ground to the zonc and cherge re-
lays. These relays are held, however, over the "ZE" lead to the district
link and comncotor cireuit. The (CHEE) relsy also releases the ground supply
rolays (GS1-4) and (Gl-4) that are operated. The decoder is now free to be
soized for use by ancther sender and the decoder function may take place up
to and including the operation of a route relay, even though the marker is
gtill functioningz in setting up the connection through the district and of-
fice junctors from the previcus call. This arrangement is made to reduce the
decoder marker holding time.
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XB=-116

GAINIBG ACCESS TC THE FROFER SET OF
OFFICE LINGS AND OFFICE JINCTORS

When relay (X) ELO operated, it indicatoed that a trunk on the
aven office frame, zerc switch, and left half of the switch had been
found idle. The operated (X) ELO relay also grounded lead "LCO" to the
evenr office link and connector frame to operate the (ILCO) relay of that
elrcuit.

When relay (BL) overated, it grounded the "E" lead which is
connected through the (CB-) relays to the operated office relay to the
district frame, operating the proper (JC) relay on that frame.

Relay (LG-) of the office grounds the "CK" lead operating the
CK) relay. Reley (JC-) grounds the "BE" operating the (BE) relay.
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AE=117 & 118

LEADS FOR TESTILG CHAENELS AND
CHOOSING AN IDLE COMBIMATION OF DISTRICT LINKS,
OFFICE JUNOTORS AND OFFICE LINES

The twanty "L5" leads from the (IC) relay in the district
freme circuit terminate in the secondary windings of the twenty (AB) re-
lays. The twenty paths from the operated (JC) relay in the district
frome circait terminate in the primary windings of the twenty (AR) re-
lays. The twenty "L5" leads from the (LC) relay in the office frame

\ circuit terminate in the secondary windings of the twenty (C) relays.

It is over these paths that the decoder merker tests to find
an idle channel. Channels that are busy have ground comnnected to one
or more of thase leads and the (AB=) or (0-) relay corresponding to
these busy or nen-available channels are oparated.

There arc less thon twenty channels available when there are
more than ten district or office frames. In these cases the (C-) rolays
corresponding to the non-available channel are operated from the pattern
relays. There are alaso less than twenty channels available when the
| trunk selected im on a split level of the office secondary switch. In

these cases the (C-) relays corresponding to the non-available channels
are oparated from the (SFL) or (SPR) relay. One of these relayas is
operated from the (EL), (OL), (ER), or (OR) relay if the (SPE) relay is
operated indicating that the salected trunk iz on a split level.

The operation of any (AB-) or (C-) relay causes the decoder
marker to pass the corresponding channel by as Tbasy.
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XB-119

SELECTIOH OF A CHANNEL. AND TIMING FOE EELEASE OF HOLD MAGHETS

SELECTION OF A CHAMNEL

The (BX) relay operated as an indiecation that the channel test
paths were closed. With relay (BE) operated, it removes a shunt from
around the condenser associated with the (CHT) relay. Removing this shunt
will not allow the (CHT) relay to operate imsediately, however, since
carrent will contimue to flow through the S winding as the associated con-
denser is charged. This curreat will decrease, however, as the condenser
becomes charged and eventually it will be reduced to a point where the
energy in the secondary winding is less then that in the primary winding
and finally the (CHT) relay will operate. There will be a delay from the
time (E) relay operates until the (CHT) operates and this delay is pro-
vided to allow time for any (AB-) or (C=) ralayn to operate if thﬂf ara

going to operate.

With all (CE) relays normal, relay (CHE) operated as soon as
relay (5T71) operated and in turn cperated relay (EHMT1).

When relays (CHE), (HMT1) and (CET) operate, ground is elosed
through a chain path through the (AB-) and (C-) relays. The first set of
these relays encountered which does not have either or both the (AB-) or
(=) relsys operated cloces a path to their associated (CH-) relay which
will now operste and lock. The operated (CH-) relay in turn releases the
(CHE) relay.

OPFERATION OF DISTRICT SECOMDARY, OFFICE PRIMATY AND SECONDARY SELECT MAGHETS

Bhen the (CHE) relay operated, follewing the operation of the
(5T1) reley, the (CHEl) and (CHE2) relays were operated. Those relays
operate the (SM) relay which locks under econtrel of the (5) and (5L) relays.

When an idle chanpel hag been fourd, asz just dsseribed and the
/ (CHE) relay is released, the (CHEL) and (CHE2) relsys releass. These relays
in pddition to starting the operation of the (EMT)} relsy slso energizes the
distriet sccondary, office primery and secondary select magnets over the
RS3A® and "SSB" leads to the distriect and the "PSA", "PSE", "SSAY and "SSEM
leads to the office. Five select magnets in parallel are energized over
each of these leads.

When the (5) and (SL) relays have been operated, the [SM) relays
J relepses and the select magnets reloace.

E MAGHETS

The (CHE) relay was opersted following the cperation of the (5T1)
relay, as has been described. The (EMT1) relay then operates. When the
(BE) relay operates following the cperation of the district junctor (JC)
relay, a path for holding the (IMT1) relay is established through the back
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TIMING FOR RELEASE OF HOLD MAGHETS (COWT'D)

contact of the (HMT) relay. WVhen the (ST2) relay is operated, the (HMT)
relay is emergized on its primary winding snd may cperate. It will releass,
however, when its gecondary winding iz energlzed following the operation of
the (CHE) relay.

The (CHE) relay releases following the operation of any (CE-)
relay. The (CHE) relay is made fast releasa, so that the path from the
front contacts of the (CHT) relay cver which the (CH-) relay was operatad
will be cpened gquickly and prevent the possible false operation of another
{CH-) relay, should some {AB-) or (C-) relay, through whose front contact
the particular {CH-) relsy was operated, relemse due to that channel becom=
ing idle. If this should oecur, it would close the operating circuit to
another (CH-) relay. The (CHE) relay then opens the operating ground to
the {CH-) relays and opens the operating path to the (EMT1) relay. This re-
lay does not release at this time, however, since it is held through the
back contact of the (EMT) relay. The (CHE) relay relessing alsc removes a
shunt ground from the (EMT) condenser and associated resistance. This ground
wos energizing the polarized (EHMT) relay on its secondary winding in the
operated down direction amd this winding is otromng emough to hold the relay in
its non-operated position, even though it is energized in the operated direc-
tion through its primary winding. Removing direct ground from the secondary
winding of the (HMT) relay will not allow it to operate immediately, however,
since current will continue to flow through the secondary winding as the (HMT)
condenger is charged. This current will decrease as the condenser becomes
charged and eventually it is reduced to & point where the energy in the sec-
ondary winding is less than that in the primary winding and finally the (HMT)
relay will cperate. There will be a delay then from the release of the (CHE)
relay, following the choosing of an idle charnel, until the (FMT) relay operates.
This relay is provided to permit the release of any district or office hold
magnet that may have started to release just in time to permit the decoder to
gelect the corresponding channel as idle. Should a hold magnet be energized
before it has had time to release and restore the trip finger, two eross pointa

would be closed.

When the (ENT) relay has operated, the (FNT1l) relay will release
starting the operation of the distriet primary and office secondary hold
magnets in series with the (A) end (C) relays, which will be described later.
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IB=-120

CHANNEL BUSY AND USING OVERFLOW CHANNEL

When all channels of a test choice are found tuay, all of the (AB) or
(C) relays will be operated. When the (CET) relay has finally operated under
this condition, ground is extended to operate the (CBE2) to (CEB5S) relay, which-
ever ome is next in turn. The (JC) relay in the district link and connector
¢ircuit then releases, releasing the (BK) relay. This shunts the (CHT) relay
(see XB=119) which releases, closing ground to operate the (CBAZ) to (CEAS) re=
lay, whichever one is the next in turn, and the preceding relay releases. The
{(JC) relay of the next test cholece of junctors mow operates, operating the (BE)
relay which removes the simnt from the winding of the (CET) relay which starts
to operate to test for anm idle channel in the next test cholce. I they too
are found basy, the eyele of operation is contimied untll an idle channel is
found, or until the (CBAS) relay is operated. With the (CBAS) relay operated,
a test of the "E" or overflow choice is made. If they too are busy, when the
(CHT) relay operates, it causes the operation of either (BEl) or (BOl) relay,
depending upon whether the selected trunk was on the even or odd office frame.

Assuming that the selected trunk was on the even office frame with
the (BEl) relay operated, it operates the (BE) and disconnects battery to the
windings of all (K) E- relays and whichever relay was operated now releases,
disconnecting the selected trunk. The (BE) relay operates all of the 20 (T)

E= relays which causes all the trunks on the even mimbered office frame to ap-
pear basy, 8o that an idle trunk on this frame will not be selected becagse all
channels to this frame have been found btusy. The (K) E- relay releases the
(EL) or (ER) reley and the (LC) relay in the office link and connector cireult
iz released, in turn releasing the (CK) and the (EX) relays. The (BEl) relay
also releases the (JC) relay which in turn releases the (E). The (EK) relay
shunts tha (CHT) relsy and it releases, operating the (CEL) relay. The (CEAS)
and {CEBS) relays now release and when they are both released, a path is closed,
operating the (CBH) relay through the front contact of the (CBL) relay. When
the (CBH) relay has operated, the (CBBl) cperates and the ground that is lock-
ing the (CBEH) relay operates the [CBAl) relsy.

When the (K) relay released, the (TEE) relay again operated and re-
moved the shunt from the (PT) relay preparatory to selecting an idle trunk on
the mate office frame. Since the (BE) relay is operated, all of tha trunks on
the even office frame are made to appear busy, so that the marker is forced to
select an idle trunk on the odd office frape. If an idle trunk on this frase
cannot be found, then the (CRL) relay is operated from the (PT) relay for re-
leasing the decoder. If an idle trunk is found, one of the (KO-) relays op-
erates, in turn operating the (OL) or (OR) relay. This closes ground over the
"0" lead through the contacts of the (CBAl) relay and a (JC) relay on the dis-
trict link and comnector circuit is operated, connecting the "A" tast choice of
the junctors to the odd office freme. The (LC) relay on the office link and
/ connector circuit is operated, in turn operating the (CK) relay and the (BK)

- ralay now operates, removing the shunt from the winding of the (CHT) relay;
this relay starts to operste for selecting an idle channel as has been de=-
seribed. If an idle channel is foand in this test choiece of junctors, the
circuit proceeds to set the comnmection up in the normal manner, but if all
these channels are found btusy, then when the (CHT) relay operates, the (CBL)
relay is relessed and the (CBE2) relay cperates. The other choices are tested
in & like manner until the "E" or overflow cholce is selected. If they too
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XB-120
Fage 2
2 Fages

teated and the marker must now give the sender a trouble release; unless this
is o third trial csll, in order that the decoder can be released and the seoder
can try to set the connection up with another decoder over the altermate route,
if there is one, or to an overflow trunk. The reason the marker must give a
trouble release instead of immediately releasing the office frame and trying to
find o trunk over the alternate route or overflow is that the decoder connector
has been released and thero is no way of giving the sender 2 new translation
that will be required for the altsrnate route or for overflow. The sender is
given a trouble release by operating the (CRL) relay. The (TBL) ralay is oper-
ated from the (PT) relay if all trumks on one of the office frames have been
found busy and in turn operates the (CRL) relay. In any event, the (CRL) relay
closes ground to operate the district and office frame overflow reglsters and
connects ground to the "TRL™ lead through the district link and connector cir-
cuit, except on overflow calls. The (RL) relay being slow to cperate, also
operates. wWith relay (RL) operated, the "IE" lead to the distriect is opened
(see XB-107) snd the (F) relay of that circuit and the (AK), (AK1) and (L)
start to releasa. The (MRL) relay is operated, in turn releasing the (8T1),
{sT2), (5T4) and (SR) relays. ({(See XB-115)
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CHESKING FOR CROSSES AND DOUBLES Ol THE DISTRICT AND
OFFICE HOLD MAONETS AND OPERATION OF THE HOLD MAGNETS

With a (CH=) relay operated and relay (HMT1) relessed, the (A) and
(C) relays will operate if they encounter the battery through the associated
hold magneta. They will not operate if ground is encountered at the hald
magnets. The district primary magnet will operate in series with the (4)
relay and the office secondary hold magnet will operate in series vith the
(C) relay. The (A) and (2) relays having operated, relemse the (AC) end
(AC1) relays which were previocusly operated from off-normel ground. Relay
(AC) having released, closes the district PS" lead to ground from the fromt
contocts of tha (AEl) relay through the back contacts of the (S) and (SL)
relaya. This pround causes the operation of the distriect secondary and of=
fiece primary hold magnets, each of which in turn extend the ground to the
district link and office link, respectively. Toe district prirary and of-
fice secondury hold magnets should also operate 1f not already operated in
geries with the (A) and (C) relays. These in turn close the cross-points
extending the ground through to the distriet "SL" lead nnd trunk "5 lead.
When the distriet secondary and office primary helding magnets have cperated,
the ground that oparated these magnots shunts the (A) and (C) relays, which
roleasa. With these relays and the (ACl) relay released and all holding
magnets operated, a cireult is closed for operating the (5) and (SL) re-
lays. These relays connect ground to the winding of the (A) and (C) relays
to hold them in the non-oporanted position ond remowe the dirsct ground to
the holding magnets. However, ground through the winding of the (B) relay
will hold the magnots as well as the (S) and (SL) relays. The (B) relay
will now operate in serles with the holding magnots and (5) and (5L) re-
lays, provided there is not & false ground on the holding magnet cipcuit
caused by a double conmoction.

: When the (AC) relay released, a cirecuit was closed from battery
through the winding of the (MR) relay over the "MR" lead, through the dis-
trict jumctor to ground, throagh the subscribor's line message registor.
On coln and flat rate lines whick are not equipped with messapge reglsters,
the (MR) relay is operated from ground through the contacts of the clase
of service relay (50-13) depending on the ones used for this class of
service. The (MR) shonld open one of the paths through which the (AK)
and (AKl) relays are held, the (SL) relay having opened another while
the (B) relay opens the third and last. The operation of the (B) relay
reloases the (AX) and (AK1) relays.

With the office secondary holding magnet operated, ground is First
connected to the sleeve of the out trunk as a busy condition. When relay
(5) has operated, this ground is extendsd to the winding of the (51K) relay,
which operates. :

{ Tae release of the (AKl) relay removes the ground that was holding
the district junctor (IC) relay, the district (F) relay and the sender (IC)
reley (seec XB-107) which then relemse. The (F) relay connects ground to the
holding magnets. This ground is extended to the winding of the {B) and this

relay should now release,
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MAHEER HELEASE

With the (B) and (AK1l) relays released and the (S51K) relay op=
erated, ground is closed to the winding of the (MRL) relay which now op=
erates. The (MAL) relay locks under control of pumerons operated relays
which must release before the (MREL) can release. The (MRL) also releases
the (571), (572), (573), (574) and (5R) relays. (See XB-115) These re-
lays cpen the office and district start leads. (See XB-107) The release of
these cireuits removes the off-normal bettery and ground from the numer=
ous relays that were operated and locked during the marker stage causing
these relays to relesse. The last one to release opens the locking eir-
cult for the (MEL) relay which then releases. With the (MEL) released
and the (CEE) again operated, due to another call having started in the
decoder stage, the (5T1) and (572) relays will again operate and the next
eall will advance into the marker stage.

The {575) relay is held to the zone and charge relays which are
in turn held over the "ZEY lead to the district link and connector cir-
cuit and the common control maltiple registration cireanit. Thus, the
{5T5) relay does not release until these circuits have released, follow-
ing the release of the (SR) relay. This is to prevent the possible false
elosure of ground on the "IE" lead. (See XB-107) The zone and charge
relays are held to the district, as just outlined, so that these relays
cannot release before the district link and zone charge circuits and
cause the false operation of the (XZP) or (XZ5) relsy.

The release of the (5T1) relay also removes ground from the
winding of the (DLX) relay which starts to release. This relay is made
slow release, however, so that the (5TX) relay, which is held operated
from its contacts, will not release before the office link and connector
circuit has released. Should the (STX) relay release first, the (XTK)
and (XCH) relays would be falsely operated. The (STX) relay will not
release on calls where the (CKS) relay is again operated before the (DLX)
relay has had time to release. On overlapping calls the (ST1) relay may
be released for such a short time that the (DLX) relay will not have time
to relemse. This relay is not in the locking eircuit for the (MEL) re-
lay and this condition will not hinder the next call.
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XB=123

RECORDING PARTY INDICATION AND TIP PARTY CHARGE

RECORDING PARTY INDICATION

Senders that serve two-party meessage rate subscribers mast give
the decoder an ipdication of which party is ealling, in order that the
decoder sarker may set the distriet junctor for charging the party making
the call.

The sender passes this information to the decoder marker by
grounding the "TP" lead if the tip party of a two-party mesaage rate line
is ealling and does not ground tnis lead if any other class of subseriber
or an ocperator is ecslling.

When relay (ST1) operates and with the (TF) relay held operated
from the sender, the (TFl) relay oparates and locks under control of the
(57T1) relay until the district has been connected when it holds to the
"ZK" lead. The (TP1l) relay causes ground to be connected over the "TEM
lead to the district link and connector circuit, when that cireuit ias
finally connected, for the parpose of operating the (TF) relay in the dis-
trict junctor so that the tip perty will be charged for the ecall.

If tha (TF) relay is not operated in the decoder marker, then
relay (RFl) cperates and locks in place of (TFl). This does not oparate
the (TF) relay in the distriet janotor.

TIP FARTY CHARGE

The district junctor circuits throogh which calls from two-party
mesaage rate subseribors are completed are equipped with means for charging
the tip or ring party, whichewver one is making the call.

With the (TFl) relay cperated, indicating a tip party call, and
when the distriet has been connected and while an idle trunk and channel
are being selected, the {AC) relay remains operated. The "TP" lead from
the district is then comnected through the front contacts of the (TPl) and
(AC) relays to ground. This operates the (TP) relay in the district
junctor which locks when the sender has been glven the release signal.
The (AC) relay relesses after an idle channel has been found and the
ground that is leocking the district relay is returned owver tha "EPY' lead
operating the (TFX) relsy. This completes a path from the "SL" lead over
which the (SL) relay must later operate {see IB-121).

The check path from the "SLP lead ls taken through the contacts
of the (TP1), (RF1l) and (TPK) relays in such a way that the (TFl) or (RF1).
ong or the other, mist be operated but not both, and when the (TFl) is
operated the (TFX) must also be operated. This arrangement is to provent
echarging the wrong party on two-party mescage rate lines.

When the diatriet is to be set in the eut-through position, @s
deseribed under "Operator Talking," the (OT) relay in the distriect junctor
is operated so the locking ground for the (TP) relay in the distriet that
operated over the "TF" lead is not closed. Therefore, under this condi-
tion, it 18 necessary that the decoder cancel the check for the locking of
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RECORDING PARTY INDICATION AND TIF PARTY CHARGE (CONT'D)

TIF FARTY CHARGE (COMT'D)

the distriet (T0) relay. On an coperator's call, the (0OT1) relay would be
operated. When the (AC) relsy releases and the (TPl) operated, ground is
connected to the winding of the (TF¥) relay which operates with a purpose
of closing the "SL" lead over which the (SL) relay sust finally operate.
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TALKING CHARGS

The cross-connections from the route relay winding terminals
are provided either direct or through class of service relays. The
route relays are cross-connected to the (TC) relay for all codes not in
the flat rate zone reached by flat rate subseribers who are to be charged
ons message unit. Also, all codes inm the first messege rate Tone reached
by the message rate subscribers. .

The {TC) relay is operated in series with the route rolay for
the purpecese of setting the district junctor in the proper charge posi-
tion. HRelay (TC) operated operates relay (TCl). \hen the distriect
Junctor has been connected and while an idle trunk and channal are being
found, the (AC) relay remains oporated. The "TC" lead from the district
is then connected through front contacts of the (TCl) and (AC) relays to
ground. Thie operates the (TC) relay in the distriet junctor which sets
the district for a single charge, when the call is completed. The (TC)
relay in the distriet Jumctor iz not locked until a trunk hes besn found
to the desired destination. When a trunk has beon found and the sender
Elven a normal relsase signel through the operation of the (SR) relay,
(See XB-115) the district telking chorge Telay is locked as are the
sonder reglster relays. The (AC) relay releases when an idle channel has
been found and then the ground that is loeking the district relay is
extemded over the "TC" lead through a back contact of the (AZ) relay and
eperates the (TCK) relay. The "SL" lead from the distriet, (See XB-121)
over which the (SL) relay mast finelly operate, 1s brought through the
contactes of the (TCKX) and (ZCX) reloys in such a way that one of these
relays must be cperated, but not both of them. Then neither is operated,
then the (MCl) relay mast be operated. This errsngemont checks that the
talking charge relay in the district has been properly operated and
locked.
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XB-125

OFERATOR TALLING

On all codes requliring operator talking condition in the
district junctor circuit, the rcoute relay receives ite battery through
the {(OT) relay.

On certain type of operator calls it is necessary that the
district be set for operator talkimg transmissiom, that is, with the
tip and ring leads in the district cut straight through. This requires
a ground closure over the "OT" lead from the decoder marker. On such
calls, tha (OT) relay is operated in series with the route relay. This
operates the (OT1) relay and when the district junctor is connected and,
with the (AC) relay operated, ground is connected to ths "0T" lead,
operating the (OT) relay in the distriet junctor. When an idle trunk
has been Tound and the sender given a normal release signal, the relay
in the district junctor is locked. TVhen an idle channel has been found,
the (AC) relay releases and then the locking ground from the distriet
relay is extended over the "OT" lead, and the (TCK) relay is operated.
The (TCK) reley is used in the operation of the (SL) relay as has been
deseribed under talking charge.
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XB=126

RECCADING ALTERMATE RCUTE INDICATION

When a sender is paking a second trial with a decoder the “AR"
lead is grounded in the sender and, therefore, when the (CH4) relay op-
erates the (AR) relay does not release. When the (CE8) and (ST1) relays
have operated with the (AR) relay operated, a path is closed operating
the {AR1) and (AR2) relays. These relays lock, reverse the direction of
testing for an idle trunk and shifts the start and end points for channel
tests. When the (CKS) relay operates with the (AR) relay operated, the
(6l), (651), (62) and (GS2) relays are also oparated. This opens the
contacts of the route relays in ground supply groups numbers 1 and 2. If
the destination called has an alternate route the first cholice originai
route relay is cross-connected to ground supply mumber 1 and if there is
a second choice original rouwte relay it is crose-connected to ground supe
Fly group musber 2. Since the contacts of ground supply groups 1 and 2
are opened the original route relays are mede ineffective with the ex-
ception of the "RA" termimal which ie eross-connected to operate the
first cholce route relay of the alternate route for the particular orig-
inal route relay operated. Thus, with the (AR) relay operated the de-
coder attempte to set the call up over the alternate route if there is
o471

If there is no alternate route for the perticulsr group of
trunks the route relays are in the third and fourth ground sapply groups
80 that on second trial where the (AR) relay is operated the decoder
attempts to set the call up over the original route just as thoogh it
were a first cell and the only difference is that the direction of test-
ing for an idle trunk is reversed and the group start and group end
points for channel testing are shifted.

If the alternate route is through a two-wire office selector,
when the alternate route relay has been operated the (TWA) relay op-
erates from the "SP* cross-connecting terminal. This relay opens the
circuit through the winding of the (G51) relay which will then release
20 that the original route relay can transmit to the sender first anmd

J second of fice brush and group selections information as well as the
c¢lass of call information corresponding to the particular two-wire al-
ternate route destinsation and thus saves alternate route relays since
otherwise a different route relay would be required for each destina-
tion reached over the alternate route through the two-wire office
center.
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XB=127

HEC 1id 108

Vhen the sender is meking a third trial with the decoder, the
UAF" lead is grounded as well as the "AP" lead. This causes both the
{OF) and (AR) relays to remein operated after the (CEK4) relay operates.
The (AR) relay causes the operstiom of the (G651}, (G1), (6S52) ard (G2)
relays. The (0F) relay operated after the (CES) has operated causes the
(653), (G3), (G54) and (04) relays to be operated and thus makes in-
effective the contacts of ground supply groups Wos. 1,2,3, and 4. As-
suming that the destination called was such 23 to have a first and second
cholice original route relay and a first end second choice alternate route
relay, then when the first choice original route relay operates with the
(Gl) relay operated, ground from the back contact of the (TBl) reley is
cloged to the "BAY terminsl and orerates the second choice original route
relay. Ground from the back contact of the {TB2) relay will now be con-
nected through the front contacts of the (G2) relay to the "RA" terminal
of the second choice original route relay and the first choice alternate
route relay will be operated. OGround from the back contact of the (TB3)
ralay will be connected through the front contacts of the (63} relay to
the "RA" torminal of this first cholce altarnate route relay and the
second cholco alternate route relay will then be operated. Oround from
the (TB4) relay is then connected through the front contacts of the (G4)
relay te the "RAY terminal of this route relay operating the overflow
route relay. Now, since the ground supply relays are operated for the
original ss well as the alternate route relays, the decoder will attempt
to find an idle trunk in the overflow group of trunks only and whether or
not & trunk is found, the sender will be given & normal release signal.

If an idle trunk end channel are found, the decoder marker will
function in a normal manner and the connection will be set up to an over-
flow trunk, after which thes decoder will release in a normal manner.

If an idle trunk cannot be found, the (TBES) relay operates as
) describved under "All trunks basy,® and the "BL" lead to the sendar is
grounded. This causes the sender to function and ramove battery from
the start lead of the decoder connector and the decoder marker. A1l re-
lays in the decoder marker will then release, since the (5R) relay has
not been operated.
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XB-128

ATICH OF CALLS TO DIFFERENT THUNK

- FS }

In order to distribtute as evenly as possible the traffie
through the various unite of the office frames as well as to distri-
tute calls to the different trumk sab-groups of large trunk groups,
the decoder marker is arremged to route the calls sucecessively to
different sub-groups of trunks. When the (CKE) relay has operated,
the (GN0O) relay cperates. The (CK4) relasy grounde leads through the
breck contacts of the (GZ0) relay to operate relays (GFOA) and (GFOR).
¥hen the (CEE) relay releases, the (GZ0) relay operates, releasing
relays (GPOA) and (GPOB). On the next call when relay (CKS) operates,
the {GWO) relay winding is shunted and it releases. With relays (CE4)
and (GZ0) operated, relays (GFLA) ond (GF1B) operate. Then when (CE6)
releases, the (GZ0) relay releases. On the next call then, the (GPOA)
and (GPOB) relays will operate as in the beginning.

With the above arrsngement, on successive calls the (GPOA-B)
and (GP1lA-B) relays are altermately ocperated. The "ST®, "TLN, "GE"
apd "GE" terminale from the contacts of the route relay of routes have-
ing trunk groups divided into two sub-groups are cross-connected to the
contacts of the grouping relays, so that the successive oporation of
the (GFOA-B) and (GPlA-B) relays distributes the calls to the two sub=
groups. The decoder may also have sn arrangement to distribute calls
over a8 many as twelve sub-groups, but it is doubtful that this ar-
rangesent will be used in our area for some time.

When all trunks of a sub-group are busy, all the (T-) relays
of that group are operated when the "S1" leads are closed to the of-
fice frame. With these relays operated and when the (FT) relay has op=
erated, ground is connected to the "IB" lead to operate the (TB) relay
if the {GT1) relay is normal, or cperate the (GT2) relay if the (GT1)
relay is cperated.

Trunk groaps that are divided into two sub-groups have only
ong route relay. Howaver, the decoder will taest both of these sub-
groups of trunks, before going to the alternate route, if there is ons,
or to the overflow trank group. In order to provide this arrangement °
for trunk groupe divided into two mab-groups, the (GT1) relay is op=
erated by eross-connacting the "SP" terminal of thess route relays to
operate elther the (SF) relay or the (TRA) or (0G5) relay on their
primary winding. The (GT1) relay will not be cperated on trumk groupe
that are not sub=-divided or trunk groups sub-divided Into thres or more

sub-groups .

' with the (GT1) relay operated and when the "TB" lesd is grounded,
dus to all trunks of a sub-group being busy, instead of operating the (TR)
roley for the parpose of going to another route relay, the (GT2) relay
will be operated. This relay lccks under control of the (GT3) and (GZO)
rolays. It also opens the operating cirecuit for the grouping relays and
they relesase. This opens the "ST®, "L, "GE" and "G5" leads from the
route relay in use. The operated (GT2) relay also opened the "IEM, Wnow
and "MCE" lesds, causing the district and offlce frames to relemse. The
trunl level, group start and group end relays, whichever ones are operated
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release as well as the (FT) relay. When the (PT) relay closes its back
contact, the {GI3) relay operates, locks and opens the control path to
the (GZ0) ard (OWD) relays and the (GZ0) relsy operates if not already
operated, or releases if it is already operated. The operation of the
(6T3) relay and functioning of the (GZ0) relay as just described open

the holding ground to the (GT2) relay which now releases closing ground,
operating the other pair of grouping relays, that is, either relays (GFOA)
and (GPOB) or (OPF1A) and {GP1B), whichever ones that were not operated in
the beginning, are now operated. These relays close the MET", "TL®, "GE®
and "G5" leads from the route relays to whatever polnts are required for
the other or mate sub-groups of trunks. The office and district frames
will be connected in a normal monner as has been described apd the trunk
lovel, group start and group end relays corresponding to the other or
mate sub-group of trunks will operate and the cirenit will continue in a
normal manner in setting up the connectiom to an idle trunk on the other
sub=-group.

If an idle trunk is not found in the mate sub-group, then when
the (FP) relay again operates, the (TB) relay will be cperated for going
to the alternate route, if there is one, and if not, then to the overflow
group of trunks, instead of operating the (0T2) relay. This is dus to
the fact that the operation or release of the (GZ0) relay, whichever
took place, opens the cireuit through which the (GT1) relay operated and
the (GT3) relay remains locked up to the ground from the "SP" terminal of
the route relay and holds the control lead to the (GZ0) snd (GWO) relays
open and thue prevents the (GW0) relay from being either operated or re-
leased, whichever would again close the operating eclreuit for the (GT1)
relay. Therefere, the (GT1) relay remains released while testing for
an idle trunk in the other or mate sub-group and when the (PT) relay
operates and all trunks are found tusy the (TB) relay operates, removing
ground from the "SP" terminal, csusing the (GT3) relay to releasa. This
closes the control lead to the (GZ0) and (GWO) relays and the (GWO) relay
either cperates or releases, depending upon its conditien. This closes
the path over which the (GT1) relay may again operste when the alternate
route relay operates, grounding its "SP" terminal. This is sssuming that
there is an alternate route and that its trunk greup is also divided into

two sub-groups.
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AB=129

DISTRIBUTING SUCCESSIVE CALLS OVER DIFFERENT LINES AND JUNCTORS

The decoder is arranged to test only 20 channels at cne time
and where more than this nusber are aveilable; the circult is arranged to
rotate the successive calls to different sub-groups or test choices of

Junctors.

Aseume an installation that has two district frames and two of=-
fice frames. There will be 100 junctors from any distriet to either of-
fice frape: the first call handled by the decoder will use the "A" test
cholee of junctors, the second call, the "B" test choice apd the third
call, the "0V cholce while the fourth will go to the "D" choice. The
fifth eall will go beck to the "A" test choice as in the beginning, be-
couse the "B' or fifth test cholce is used only as an overflow sub-group,
that is, oaly when the other sub-groups are found tusy. This condition
will be explaired under channel tusy.

With the (JD) relay normal, relasy (CHE) operates and locks through
the normsl contacts of the other (CEB) relays. Waen the call progresses far
encugh to operate relay (JD) and with relay (CERl) operated, a circuit is
elosed to operate relay (CBAl) which closes the "A" cholece leads to operate
the (JC) relay in the district (see XB-116).

The release and operation of the (JD) relay on each successive

call eauges the next sat of relays to operste until relay (CBB4) operates.
This relay locks under control of relay (JD) operated. 5o with the releasa
of the (JD) relay, the next call would appear on the "A" choice.
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XB-150

Spim of Originati le

There are mumerous (X) relays provided to furnish means for detecting
false grounds or crosses on many of the leads over wmhich connection is made to
associated circults. These relays are connected when the cireuit is normal as
well as when basy in service except, of course, on leads that are actually in

Usas

The operation of any of these (X) relays will cause the (X01), (XX2),
or (X8L) relays to operate which in turn operates the (DL) relay to call in the
trouble indiecator which will attempt to record the progress of the call as
completaly as possible so that the cause of the failure may be determined.

The marker is arranged to time out at different intervals depending on
the progress of the call and call in the trouble indieator should any delay
secur that might interfere with normal traffic.

The code and other informatiom will normally be received and checked
in moch less time than the 1.15 seconds allowed bat if there is a dalay aftar
the marker has been seized, the timing relays function and cause tha (TM1) re-
lay to operate. The (TM1) relay operated closes a path from the winding of (IL)
relay throupgh back contact of (CE4) or through front contacts of (CK1l) and (CK3)
relays. Therefore, unless the (CE4) has bean operated and the (CK1) and (CEZ)
relays have been relessed within the sallowable 1.15 seconds the (DL) relay will
operate to call in the trouble indicator.

Another time out interval is provided to check the completion of the
parker functions within 2.45 seconds and should any abmormal cendition cause
a delay the timing relays function and ceuse the (TMS) relay to operate and call
in the trouble indicator.

The (DL) relay cperated cemses the (TR) relay to operate and connect
resistance battery to the "TIS" lead which operates the (D5) relay in trouble
indicator. The (TR) relay also connects groand to the "ILY lead to the trouble
indicator.
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IB-151

nnection of Trow i iginat Marker

There iz one (DS) relay for each marker and these are comnected in
a preference chain so that if two or more markers call in the trouble indicator
only one will be connected to recerd the failure.

The (D8) relay operated closes ground to the "CIA" lead to operate
relay (CIA) in the marker.

The (CIA) operated (1) operates relays (CIB) (CIC) (CID) and (CIF2).
(2) closes through the "C0" lead from trouble indlecator to operate the (CO1)
(Co2) and (CO3) relaye, (3) comnects ground to the "TI" lead of the district
link and connector circuit to operate the {TI) relay in that circuit, (4)
connects ground to the "FRG", "SHGY and "CHG" leads of the marker connector
eircuit associated with the marker calling in the trouble indiecator.

The operation of the (COl) (CO2) and (CO3) relays operates the (CIE)
relay which closes the transmitting and receiving leads to the trouble indicator
recording relays.

The (CIA) (CIB) (cIC) (CID) (CIE) and (CIFl) relays together comnect
all of the trouble indiecator recording leads to the marker.
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XB=152
i cord and Disconnection from ] 1 ting Mar

The operation of (CID) relay in the marker connects ground to the
"DR" lead to operate relay (DR) in the trouble indicator (1) which lights the
IR lamp to indicate the particular marker that is recording the failure
(2) opens the ground from the DL lamp to prevent it from lighting, (3) starts
the trouble indicator alarm and (4) operates the (RT) relay.

The (DL) relay asscciated with the marker from which the record is
being taken will operate and lock but is prevented from lighting its DL lamp
by the operation of the associated (DR) relay. However, any other marker that
may call in the trouble indicator while it is busy will operate their respective
(DL) relays which in turn lights their associated lamps to indicate the markers
that failed without a record having been taken.

The operation of relay (RT) operates (RT1) and it in turn operatea
the (HD) relay. The (HD) locks under control of the (DR) relay and cperates
the (6D} and (GD1) relays which lock all of the operated recording relaye and
releases the (RT?) and (RT1l) relays.

The releass of the (RT1) relay (1) commects ground through operated
econtacts of (HD) relay operating the (HD) relay which locks and in turn
operates the (RM) relay, (2) disconnects ground from "CIA" lead relessing the
(CIA) relay in the marker (see XB-151). The (CIA) relay relesases the (CIB)
{c1c) (cID) (CIE) and (CIF1) relays in the marker disconnecting all of the
recording leads.

The operation of relay (BM) connects ground to the (TIB) leads of
all eriginating markers operating the (TIB) relay in esch circuit.

The operation of the (TIB) relays couses the marker from which the
record of failure was taken, as well as any other markers that are calling
for the trouble indicator, to transsit a trouble release signal to their
associated sepders and restore to normel. In addition, the (TIB) relay in
each marker opens the "TIS" leads and relceses all the operated (DS) relays
in the trouble indicator preference chain.

The (BM) relay remains locked up until the KL key is operated, thus
causing all markers that call in the trouble indicator while it is holding a
racord of failure to give an immediate trouble release signal.

To wipe oat the record and return the trouble indicator to normal,
the RL key is momentarily operated, operating the (ER) relay which locks under
control of the operated (ED) relay. The operaticn of relay (ER) cpens the
locking cireuit for relays (DR) and (DL) and thay relesse. The IR relay

| normal causes the (HD) relay to relesse which in turn releases the (GD) (GD1)
/ (RD) (BM) relays and the (LF) relay if the LP key is locked in the ocperated
pogition.
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XB=153

Testin i Cireuits

The trouble indicator circuit, in additien to taking records of
service failures, iz provided with means for originating test calls and record-
ing the progresa of such calls through the marker.

A set of keys is provided for setting up the code, ¢lass of service
and district frame information for all claeses of cells that may be handled by
the marker cireults in regular service.

The marker to be tested is selected by operating the DT key on the
trouble indicator frame, associated with the marker to be teasted. The 5T key
is used for starting the test.

With DT and 5T keys operated the 5T relay operates in turn operating
the IT relay associated with the marker to be tested. Only one DT key can be

effective due to & preferential chain circuit.

The operation of relay (DT) grounds the "DB® lead and starts a test
to determine if the marker is busy. If it is busy the trouble indicator will
wait until it becomes idle tut will prevent another marker conmector circuit
from seiging it in the meantime. When the parker becomes 1dle the trouble in-
dicator prepares for the test call and comnects all of the test leads between
the two circuits by grounding the "CIF1" lead. At the ssme time that the (IT)
relay grounds the "IB" lead it also grounds the "TIE" leads to all other markers
making the trouble indicator test tusy to all eircuits except the one to be
tested. The marker signals the trouble indicator when it has connected the leads
required for the teat call by grounding the "MC" lead operating the (XY) (KEY1)
and {HYE} ralays which connect the transmittingz leads to the marker.

The closure of the transmitting leads sets up the marker receiving
relays similar to the connection of a sender by a marker comnector eireuit.
The marker upon receiving the code information proceeds to perform its rogular
functions for handling & call and upon completion, assuming no fallure occurs,
it calls for the trouble indicator to teke & record of the call instend of re-
leasing as in the case of a gerviece call. The marker is arranged to do this
by the operation of its (IMT) relay which switches the release cireunit so that
instead of operating the marker release relay (MRL) at the completion of a call,
it operates the (TR) relay in the trouble indicator circuit. The operation of
this relay operates the (TR) relay in the marker which ealls in the trouble in-
diecator to take a record of the call.

When the marker completes its decoding functions, it operates its
sender release relay (S5R) grounding the "HL" lead which in the case of a test
call operates a relay in the trouble irdicator clrcult which causes the record-
ing relays that have been operated to lock and then releases the (CIE) relay in
the marker. The release of (CIE) relay disconnccts the transmitting and re-
eceiving leads and removes ground from the "CKG" lead. It also causes the (EY)
(KY1) and (KY2) relays to release.
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XB-175

When an incoming tronk calls for & sender, the sender link and
control circuit grounds the "5C" lead. Relay (SC1l) cperates to the "5C°
lead on its primary winding and then holds to it by ite secondary winding.
The primary winding is used for the purpose of checking the battery circuit
through the resistence lspp, this being of great importance at & later stage
in the connection.

(EV3) operates over the "FOO® lead from the sender link and con=-
trol eircuit after (SC1) operates, and is held by an off normal ground
after (ON1) operates. The operation of (RV3) causes the operation of (RV4)
and (RVS) in turn.

After (RV5) and (S5C1) relays operate, ground on the "G5" lead
oparates (ON1) relay.

When reley (5Cl) has operated, (502) also operates to the "S5C" lead,
and it connects the common lead "FO" to "F9" to the Crossbar reglster select
megnets. Ono of the select magnots operates from ground in the sender link
and control circuit, according to the units digit of the incoming frame mumber,
and it passes the operating ground cn to operate relay (SM).

(5M) closes a circuit to operate (HAl) and to shunt down (EAZ2) so
that it cannot operate.
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AB-176

OFERATION OF RELAY (ON2) AND RELEASE OF SENDER
LINE AND CONTROL CIRCUIT

With relay (SE) of the sender link and control cireunit
eperated, ground is placed on lesad "BS" to operate relay (OM2).
This grounds the "S" lead to held the sender link hold magnet after
its control cireuit is released.

The operation of relay (ON2) also places ground on lead “RL®
to the sender link amd control circuit to operate relay (R), which in
turn releases that control circuit,

_—
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iB=-177

OFERATION OF (STF) AND (L) HELAYS

When the (ONl) operated, the tip lead was closed from the in- \
coming trunk through the (L) relay to battery and the ring lead to ground, %I’I
The (L} reley did not operate at this time due to the battery and ground |
from the (A} relay in the incoming trunk keeping it shunted, Ttut this battoery ﬁ'
and ground holds the (STPF) in the originating sender which had operated when .

the incoming trunk was picked. When relay (5C1) released indicating that the
selected sonder haz been made busy in the terminating sender link, the

Bo0" lead was grounded operating the (T) relay in the incoming trunk which
removes the (A) relay from the trunk. The opening of the (A) relay battery -
and ground removes the shunt condition from the (L).relay which now operates

in series with the (STP) relay of the originating sender.

As has bean shown relay (5M) operated when a select magnet
operated for frame indieation, then closed o circuit to operate relay
{Ll1) which in turn operated relay (L2). With theso relays operated, the
short is removed from the (STP) relay in the terminating sender allowing it .
te also operate in series with the (L) relay and {STP) relay in the originat-
ing sender. B

With the (STP) relay of the terminating sender operated, relay
(6R) operates which grounds the "T® lead, causing the release of the (STF)
relays in both the originating and terminating senders, but holding relay (L)
operated which in turn holds (L1) and (L2) relays operated. This pulsing
or alternate operation and release of the two (STP) relays, contimies until
the coanting releys are satisfied in the coriginating sender. The operating "
circuit for relay (L) is then openad indicating the completion of that
geries of pulses.

In order to extend the life of the contacts of the (S5TP) relay,
the direction of current flow through the contacts is reversed when relay
(EF) operates. Relay (EF) operates on all calls from even musbered incoming
frames.,

"

--l-l—-l""‘l‘-“.‘I
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XB-178

TERMINATING SENDER FULSING RELAY QPERATION

The terminating sender counts the pulses on relays (Fl) to (P8)
actuating them by relays (L3), (L4) and (ILS). The periodical operation
and release of relay (GR) causes relays (L3), (L4) and (LS) to operate
and release in a recurrent cycle of half the fregquency, as follows:

The operation of relsy (GR) on the first or any cdd-numbered pulse operates
relay (L3): its release permits relay (L5) to operate in saries with relay
(LZ), the operation of relay (GR) on the spcond or any even-nusbered pulse
operates relay (L4) in series with the secondary winding of relay (L5),
whersupon reley (L3) releases tut relay (LS) holds. The release of relay
(GR) causes relays (L4) and (L5) to release. Tims relay (L5) operates at
the end of each odd pulse and releases at the end of each even pulsa.

The ground comnection for holding relays (L3) and (I5) in series is furnished
by the parallel front contacts of relays (Il) and (I2) so that they will
rolease after the last pulse of each selection.

The operation of relay (L5) on the first pulse causes relay (Fl)
to operate and lock. The releasa of relay (L5) on the second pulse causes
ralay (F2) to operate, lock and unlock relay (Pl1), which releases. Similarly,
the operation or release of relay (1L5) on subsequent pulses operates other
(P-) relays. The relaye left locked up after each pulse, any one of which
may be the last pualse of & selection, are as follows:

Fulse ERelays Palse Relays False Relays
1 Pl 5 P5 9 P3-F6
2 P2 B F5=Fb& 10 Pd=F6
3 P3 7 Fl=F& 11 Fiq=F6=1T
4 P4 B F2=Fi&
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®-179
TIOH OF HOLD MAGNETS ADVANCE

Each time relay (SM) operates, it either operates relay (RA1)
and leaves relay (RA2) normal, or it releases relay (RAl) and leaves relay
(RA2) operated. In either case, the effect is to connect the windings of
relay (EM) to the winding of the first non-operated hold magnet, causing the
game to operate. The hold magnet closes the contacts of the crose-points at
the level of the operated select magnet, locks up to a front contact of
relay (ON1) or (ON2) and by connecting the locking ground to the windings of iy
relay (i), ceuses that to operate. When relay (EM) has operated on ome )
solection and relay (L2) on the mext selection, relay (SM) and the operated
galect magnet release,

Each time relay (3M) releases it either operates relay (RAZ) and
leaves rélay (RAl) operated, or it releases relay (BA2) and leaves relay (RAl)
normal. In either case the offect is to disconnect the windings of relay (HM)
from any hold magnet, snd relay (BM) relesses,

When the last selection (final units) has been transmitted from the 81
erigipating sonder to the terminating sender, the former closes the circuit
agelin through its stepping end overflow relays and awalts a reverse battery
palse to operate both of those relasys and then release the stepping relay.

Relays (L), (Ll) and (L2) operate when the originating sender closes
the circuit to receive a reverse battery pulse. (BV1) relay then operates
and locks through front contacts of the (FU) hold magpet and (L2) relay.

Slow operate relay (RV2) operates from a front contact of (EV1)
relay and removes ground from the "R" lead which is connected to the winding
of the (L) relay and reverse current goes out to operate the originating _
sender stepper and overflow relays, the current starts suddenly on account i
of the heavily scaked condition of the (L) relay.

Slow release ralay (E¥3) releasea when the (EVZ) relsy operates.
This breaks the connection to the "T" and "E® leads, terminating the reversa
battery pulse and allowing the origioating sender stepper to release.

Telltale call abandoned. The eleventh pulse will operats relay (TT).
{2T) relay locke up and grounds that transfer spring of the (12) relay and that
back contact of the (RVZ) relay which in a completed call are grounded by

the operation of the {¥U) hold magnet. (RV1) relay operates and the
succeeding operations are the seme a3 in incoming advance and trunk closure or

a comploted call, except that the sender is released withoat calling in a termin-
ating marker.

-, (2v4) relay releasing removes ground from the "CO™ lead, restoring
~ the incoming trunk line relay to its normal connection with the trunk.

The operation of the (TC2) relay camnot call in & morker because a
back contact of (TT) relay opens the 5T lead, but the (Tca) relay closes a
eirenit through (TT) relay to operate relay (RL) and that causes the sender

to reloase.

N - —
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YB-180

SEIZUHE OF MARKER CONNECTCR

When relay EVS released, low resistance ground was comnected
to the winding of relay (TC1) which causes relay (D) in the trunk
eircuit to operate in series with the winding of relay (TCl). Relay
{TC1) does not cperate at this time since it is polarized.

The (D) relay operating grounds lead "D® allowing relay (TC1)
to operate. With relay (TC1l) operated it causes relay (TC2) to operate,
which locks and conmects battery to the "ST" lead to the marker connector.

Relay (58) end (CAl) operated in series from battery on the "STV
lead. The multi-contact relay (S) associated with the sender is operated
by relay (55) and connects the sonder to the recelving leads of the
connector,

The operation of relsy (5) connects the "ST" lead to relay
{D8) of the first idle marker. When relay (0S) operated it caused
releys (TAl) and (DA2) to release, closing ground to the alarm lead "TH".
Relay (TM) operated from the operated {DS) relay and in turn operated
relays (CER)} aod (CBS) in the terminating marker, which in turn operated
the {CB) relays in all connectors associated with that marker. The (CB)
rolay in the connsctor used does not operate since it is short-circuited
through the made contacts of relay (IM).

With relays (5) and (TM) operated, pumerous leads are closed
through from the sender to the marker.
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XB=-181

FThen a coonection has besn established, or when the attempt has
definitely failed, either relay (BL) or (THL) is cperated and locked to an
of f=normal ground.

(RL) operating breaks battery from the "ST" lead to release the
marker conneetor. (RL) alse breaks the local groand connection which locks
(ON1) and holds theo,link switches over lead P5", but those do not release
at once because they are also held over lead "HLD" from the marker connector.
When that relesses (ON1l) and the link switches also release and the sender
iz freed from its external connections. The reasom for holding over the
PHLD® lead is to provent the breaking of current om the cross-pointes of
the regieter. When (ON1) releases, it is followed by (RAl) if that is
operated, and then by (ON2). The register and esll locked up relays release,
and the sender is normal and ready for rouso. :

(TRL) operating breaks battery from the "ST" lead and breaks the
local ground comnection which locks (G1) and holds the link switches over
lapd "S" just as (AL) would do. The marker connector is released, and in
doing so breaks its ground from the "HLD" lead, #o there is no longer aoy
groand on the "5" lead or the primary winding of (ON1). The link switches
releage and the sender is freed from its external connections. IT there ia
no plug in the (HLD) Jack (ON1) also releases and the sender restores to
normal, btat if there i3 a moke busy plug in the (HLD) jack, (ON1) will hold
on its secondery winding, the register and all locked up relays will hold
and the sender will remain busy on the "5SB" lead ground, until the plug is
removed.
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XB-250

DISTRICT JUNCTOR PEG COUNT

Thenever & district junctor of a group vhich serves only one
class of service is selzed, ground is connected from the originating
decoder marker to the district link and connector, through the (LC-)
relay associated with that group of district junctors, causing the
peg count reglster to score.

Phenever a district junctor is seized for an originmating
call to a line link frame on which the available district junctors
gerve more than one class of service, the peg count reglistration per
class of service is made at the line link frame. The "IM® lead of
the line group originating the call will be grounded whether it is
served by the home or the mate contrel ecircuit.
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XB-251

LINE LINY GROUP AND LINE LINK SUB-GROUP TERMINATING TRAFFIC FEG COUNT

AND GROUFP BUSY REGISTER

Fhen peg count and group busy readings are to be recorded for & line
link grour, the (LX) key is operated to the line link side, sapplyinz battery
to its traffic reglster circuits. On each terminating enll to that line group,
ita "FC" lsad is grounded in the line choice comnecter by operation of (CR) amd
(CE) relay and transmitted to the line link register circuit.

In order to record the mamber of times a predetermined number of
links of a called sub-group are in use, the terminating marker operates its
(REG) relay, if that number or more of the links are in use. Reley (REG)
operating, grounds the "FL" lead to the line link group under control of the
{CR) und (CE) relays in the line choice connector serving the line group.

If records are desired for the line link sub-groups, the (LX) key
is operated to the line link sub-group side which operates its (H) and (J)
relaya. The peg count and group busy readings are new recorded for aach aub-
group of tho line link group.

The sub-group basy regieters and sub=-group peg count registers are
common to all line link groupe in the office and by operating an (LX) key of
& particular framoe it iz posaible to associate these reglsters with any line
link group desired.

The group basy register for line links will register for the mamber
of btusy linka indicated by making the cross connection shown in the following

table:
J
Ho. Busy Links Connect

& OF moTa RS, RS and ®7 to HEG 2
4 or more E5 and B6 to HEG 2
b or more RS to REG 2
6 or more Hona
¥ or mora RS to BEG 1

) g or more RS and RS to REG 1
2 or more BB, HE and B7 to HEG 1

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA
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Xp-252

eal GIMATING DECODER MARCER ARD TERMIHATING MAERER FEG COURT

wnen an originating decoder marker is seized and progresses to the
marker stage, its (5T4) relay is operated. Relay (5T4) cperated, grounds
the "MFC" lead for that decoder marker, causing the traffic register to score.

When a terminating marker is seized and has recorded the oecessary
information from the terminating sender, its (CE4) relay is operated. Relay

(CX4) operated, grounds the "FC" for that terminating marker, causing the
traffic register to score.
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XB-253

QUTGOING TRUME GROUP FEG COUNT AND OVERFLOW

The "PC" terminal connected to the route relay is provided to
Turpish means for operating a register and thus record the mamber of calls
routed te a particular trunk group. When a route relay operates and its
asgociated ground supply relay (GL-3) iz normal, a register cross-connected
to the particular "FC" termipal will be operated. On trunk groups that
have two route relays, the "PCU terminal of only the firat cholce route
ralay should be cross-comnected. The "PC" terminals of the second choice
route releys should not be croseg-connected because if they were, the trunk
groun peg count register would be operated twice when the second cholce
route relay was operated on finding all trunks of one of the first choice
trunk sub-groups basy.

The "QFY terminal is provided to furnish means for obtaining a
record of the number of times that a call is originated for a trunk group
and all trunks of the group are found busy. The (TBI-4) relay of the group
found busy will be operated, grounding the "OF" terminal and operating the
overflow register associated with that particular trunk group. On trunk
groups that have two route relays, the "0F" terminal of the second choice
route relay should be cross-connected while the "OF" terminal of the first
cholce route relay should not be cross-connected. This is to aveld falsely
operating the overflow reglster on the second cholice route relay when one
of the first choice sub-groups of trunks is found busy.

The ground lead to the "FCP and "OF" terminals is opened on the

contacts of the (IMT) relay, co that these registers will not be operatad
on gender test circults and decoder marker test calls.
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IB-254

FERMANENT SIGHAL OVERFLOW

When o sender is connected to a subsceriber's line on which a
permanent signal condition is recognized, and the decoder encounters an
all-trunk tasy condltion on the permanent signal heldine trank group,
ground is connected by the decoder marker circuit to its cverflow
register. This operates the (A) relay of the register circuit which
in turn ccuses the register to score. The operated (A) relay also
causes the (L) relay of the "A" switchboard overflow signal ecircuit for
permanent signal holding trunks to operate. The (L) relay locks under
control of the (F3) key and lights the (I'S) lamp.

An overflow on cutgzoing trunks to the A" awltchboard operator
functions in a similar manner, except that the ground from the operated
(A) relay connects to the "A" switchboard make busy key and alarm cir-
cult instead of to the permanent slgnel overflow cireuilt.
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XB-256

DISTRICT ROUE

When the sender link and control cireuit tests for idle district
Junctors and only one idle district junctor is found, relay (TM) will not
operate, indicating that the last idle district Jjunctor of thaet group of
10 is belng used on this call. When the sender link and control circuit
progreases far enough to operate relay (SL), ground is extended to the
"D" lead for the group busy register associsted with that group of 10
district junctors.

When all "A" switehboard district junctors inm & group are busy
their (SL) relays will be operated removing ground from the FB lead as-
sociated with this group causing to (B) relay in traffic register circuit
to release in turn scoring the register.
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XB-256

DLAL TONE TELAY

Fhen an originating call seizes a line link and group control
circuit and has indicated which line is originating the call by relay (EE)
operating, ground is pleced on lead "IN" to start & register timing cireuit.
If this ground remains from 1-1/2 to 2 seconds, relay (M) will operate and
lock under control of a norsal contact of its traffie register, causing the
register to score. If at this time the line link and group contrel circuit
has not found an idle group of distriet junctors, ground on "DE" lead will
operate relay (RL), releasing the line link and group control cireuit.,

INATING SEN LINK DELAY

When an incoming trunk is selected, it connects ground on its
start lead to a (GST) relay which is associated with ten incoming tranks.
The operation of any of the ten (GST) relays of the terminating sender
link and control eircuit placea a ground en the "IG" lead to a (DL) in-
terrupter, starting a traffic regieter timing circuit. If this ground
remains from 1-1/2 to 2 seconds, relay (M) will operate and lock under
control of a normal contact of its traffic register, causing the register
to score. The operation of the (M) relay does not connect ground to the
terminating link and control circuit te release the link.
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XB=-257

DISTRICT, OFFICE, INCOMING AND LINE LINK OVERFLOW

District and Qffice Overflow

When & district junctor has been selected and the district
frome on which it is located has been indicated to the originating de-
coder marker by the operation of a (IF-) relay, and a trunk has been
selected on an office frame, which is indleated by the operaticn of an
{0-) relay, all available chennels between these two fromes are tested
until an idle one ies found or, if they are all tusy, relay (CEL) is
cperated.

Relay (CRL) operated, grounds the "0F" leads under contrel of
the particular (DF-) and (0-) relays operated, to operate the overflow
registers assocliated with those fromes.

Incoming and Line Link Overflow

On & terminating call, the terminating marker tasts all
available channels between the incoming frame on which the incoming
trunk is located and the line group which is serving the called line,
If all of these channels are busy, relay (OF) of the terminating
marker iz operated.

Relay (OF) operated, grounds the "OF" lead through the oper-
ated (MOB) relay of the incoming link and comnnector circuit to operate
the overflow register of that incoming frame. The (OF) relay alszo
supplies ground through the (MCB), (CR) and CB relays in the line choice
connacter to operate the overflow reglater associated with the called line

BEroUp.
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XB=-258

TRUNE GROUP HISY

¥hen all trunks of a group are busy, the ground is removed from
the "FB' lead assoclated with that group of trunks, releasing the (B) relsy
of the traffiec register eireuit. The release of the (B) relay closes
ground to operate the group busy traffic register of that trunk group.
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XB-208

INCOMING LINZ AND TOLL OR TAWDEM IWCCMING TRUNE FRG COUNT

There is one peg count register for each incoming link frame,
' ¥hen the terminating marker advances far enough to operate relay (GTI),
ground is placed on the "PFC" lead to the incoming link and cormmector
frama, causing the peg count reglster to score for that frame.

The peg count reglister associated with toll or tandesm incoming
trunks is common to a group of trunks of 20 or less. The operation of

the (F) relay of any trunk in that group causes its peg count register
to score.
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XB=-260

SENDER SUB-GROUP BUSY

‘ When & sub-group of subscriber senders is busy, othear than
being made busy at & sender make tusy frame, the cperation of relay
{3GB) grounds lead "SG" and operates the sub-group busy reglster
associated with that sub-group of sender.

Vhen a sub-group of terminating senders becomes busy and no
plug has been placed in the (MB) jacks. the operation of relay (TGB)
grounds lead "SG" and operates the sub-group tusy register associated
with that sub-group of terminating senders.

A sub-group of "B" senders scores a sub-group usy copndition
in a manner similar to the terminating senders, when its (BGB) relay

operates end ground ite "SG" lead.

When & sub-group of "AP" gwitchboard senders are busy the
operation of relay (SGB) grounds lead 5G and cperates the sub-group
Ttusy register.
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XB-261

SUBSCRIBER SEM 1

This provides a means for recording the marber of times a .Hfi
mamber of sender suh-groups are busy. The optional wiring "A", "BR,
npm. WER  BPM apd V"GP provides for registering when one to six sender
sub-groups, respectively, in the office are busy and serves to vary the
current through the secondary or biasing winding of relay (X). When a
sender sub-group iz busy its (S50B)- relay cperates, connecting resist-
ance ground to the "CG" lead. The mamber of sender sub-groups busy at
one time determines the current flow through the primery winding of the
{X) relay. When the primary winding overcomes the secondary winding,
the (K) relay operates, which operates relay (A). The oparated (A)
relay causes the load register to score and also operates the (SSL)
relay at the sender make busy frame to bring in en alarm and light a
lamp at both the sender meke busy freme and the "A" switchboard.

When a sender becomes idle in a sub-group, the subscriber
sender link and control circuit disconnects the associated resistance
ground from the "CG" leed and, depending upon the resistance in series
with the secondary winding of the (K) relay, the (K) relay will release
and relesse the (A) relay, in turn releasing the register.
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XB-262

TEEMIHATING AND "B" SENDER LOAD REGISTER

Then all sub-groups of terminating senders ara busy, all (TGB)
relays are operated, closing ground through a chain circwit to the "TGR!
lead which causes the (A) relay of the register circuit to operate, whiech
in tarn causes the lcad register to score. The operated (A) relay also
operates relay (TB) of the terminating trouble indicating frame. This
lights the (TB) lamp and brings in an alarm.

When all sub=-groups of "B" genders are busy their (BGB) relays

cperate and the circmit fupctions as described above for the terminating
genders.
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XB-263

A" SWITCHBOARD SENTER
SR

COIN CONTR REGIS

When all coln control cirealts or "A' gwitchboard senders of a group
are basy, relay (50B) of that group operates. This grounds the "C0" lead
through a 1200 ohm resistance. As other groups become busy their (SGB) re-
lays alsc operate. As the number of operated (5GB) relays increase the re-
gistance ground decreases due to the 1200 ohm resistances being placed in
Pargllel.

When a predetermined mumber of (5GB) relays operate, which is
controlled by the optional wiring in the register circuit, relay (K)
operates, causing relay (E) to operate, which in turn causes the register
to score.

The optional wiring "A®, "BY, "D, "E", "F' and "G" provides for
registering when one to six coin control sub-groups, raspectively, in the
office are btusy and serves to vary the current through the secondary or
biasing winding of relay (K).
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¥B-264

SUBSCRIE LINE E 5T

If the calling subscriber disconnects after relay (GH) of the
gepder link and control circuit has operated, the abandoned call can not
be recognized until the sender circult has progressed to the point of
testing the dialing tip and ring leads for the line closure. This eircuit
is not capable of detecting the difference between o trouble condition
wheraeln the tip and ring conductora through the switchea of the established
connection are mctually open, and a normal "false start" call wherein the
tip and ring conductors are closed momentarily to start & call and then im-
mediately opensd by the calling subseriber. Howaver, a reglster is pro-
vided for recording all such conditions since it iz expected that the wvast
majority of legitimate false starts will conaist of closures longer than
ong second in duration, so that the register reading will furnish a fair
indication of the existence of actual trouble conditions,

Sender link ard control circults which record a predomineance of
falee starts will indicate the presence of actual trouble in the tip and
ring conductors of the assoclated sender link and control cirenit.
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AB=-260

nAM SWITCHBOARD LINE AND CORTROL

oR
COLN CONTROL LINK FALSE START

When relay (HA) or (HB) operates, ground ig closed throush the
back contacts of relay (TS5) ard interrupter (FS) to operate relay (PF).
If the start ground disappears or the path available lepd opens and
causes the cireuit to block before relay (TS) is operated, the closure
of the fromt contact of interrupter (F5) will ground the "FS" lead to
the traffic register circuit, eausing it to score, indiceting a folse
start. Ground is returned from the traffic register circoit on lesd
"EL® to operate relay (EL), which causes the control eireuit to rolease.
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XB=-266

| m HE TEST LISNE GROUP BUSY

When all Incooing trank test line circuits are busy, elther
by their (5) relay being operated or by o plug in the make busy jack,
g cireult is clesed to place ground on the "FBY" lead whieh causes tha
group basy register to score.
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XB-267

SUBSCH LINE OVE
GEHIRAL

When it is desired to register the muber of times a particular line,
or the last line of a F.B.X. group has been found tusy, a subseriber line over-
flow register circuit is comnected between the "ANS" and "ALS" and the "NS" and
BLSM terminals in the nmumber group connector cireunit.

The "CT" lead provides means for by-passing the subseriber's line over-
flow clircult, on number checking, no test and no hunt calls.

LINE IDLE [

When the terminating marker tests the "ANS" terminal of the line, it
finds the lead open, indicating the line is idle. The marker proceeds to ground
the "ANF" lead to operate the "5" relay. (Relay (5)) operated connects ground
from the (5L) relay contact to the "ALF® lesd which provides for horizemtal group
identification and line link loclkout, and closes the "ANS® to the "ALS" lead to
provide an operating path from the terminating marker for the line hold magnet
and disconnects the (SL) relay from the WALS" lead. When the terminating marker
disconnects from the mumber group connector, the (5) relay releases and reconnects
the (SL) relay to the "ALS" lead. OGround that is holding the line hold magnet,
operates the (5L) relay which remeins operated as long as the line is busy.

LINE BUSY, EEGULAR CALL

When the called line is busy, ground from the "5" lesd in line link
group and control eircuit will gperate and lock (S5L) relay. When the marker tests
for a busy line, this line appears idle, since the (3) relay is uncperated and the
TANSY lead is not comnected to the "ALS" lead. Whem ground is connected to the
WANF® lead (see XB-305) the (5) relay operates and closes through the "ANS" to the
WAIS" lead. The "ALF® will not be grounded since the (5L) relay is operated on &
busy line and holds through its locking contact to the busy ground on the "ALSY
lead. When the marker makes the sleeve guard test (see XB-306) it finds ground
on tho "ANS" lead. This ground is traced from "5" lead in line link to "L3",
WALS® lends, make contact (5) relay to "ANS" lesd and over the "HE" lead to the
marker to operate its (5G) relsy in turn operating the (5GA) relay (see XB-306).
The operation of the (SGA) relay causes the (L-) relay to release in turn remov-
ing the ground from "ANF" lead. The (OF) relay then cperates in series with the
{s) relay te ground on "SOF" lead from the marker. Relay (OF) operated connected
ground from "MR" lead in the marker to operate the (E) relay to score on the
register. The marker recognizes the busy line on the second test due to the
(5) relay in register circuit operating and grounding the "N3" lead to operate
the (S-) relay in terminating marker. The marker then proceeds to return a tusy
back signal over the trunk to the celling subscriber. The marker then discoonects
from the nusher group connector circait and removes ground from the "SOF" and "MRY
leads which permits the (5) and (OF) relays to release. The (SL) relay remains
operated and locked to the busy ground on the "ALS" lead until the called sub-

geriber's line is released.
H = NO HIHT C

When the terminating sarker is set to make a nusber checking, no test or
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XB-267
Page 2
2 Pages

SUBSCRIBER LINE OVERFLOW
HOT HIN

no munt call, ground is copnected through froem the marker to the mombar group
connector on the "CT" lead to operate the (CT) relay in subseriber line overflow
eireuit. The (CT) relay cperated, disconnects the (S5) relay from the "ANF" lead
and connects the "ANF" to the "ALF" lead and also connects the "AHE" te the WALSH
lead, thus by-passing the relays which control the traffic register.
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AB-268

ZONE REGISTRATION OVERFLOW

Then all zone reglstration circuits of a group are busy, ground is
removed from the winding of relay (GB) allowing it to release. With relay
(GE) normal and relay (SE) normal, relay (CB) will operate. With relay (CBH)
operated, lead "OF" is grounded ceusing relay (EB) of the register circuit to
operate, which in turn causes the (OF) register to operate, recording the
overflow condition, and opens the holding circuit for relay (E).

Relay (CB) operated also comnects ground to lead "20" to the dis-

trict link and connector which cause the criginating marker to serve the
connection as a local call,
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XB-269

NUMBER GROUP CONNWECTOR FEG COUNRT

¥hen a call has progressed to a point where the (CON1) relay im
terminating marker has operated, a ground is clesed through the (MCD) relay,
in the number group connector cireuit te the NP lead to operate the register
circuit.
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XB-270

A _SWI NUMBEHR CHECEING THUNE PEG COUNT ARD GROUF BUSY

When the (F) relay in the mamber check trank eircuit operates, it

¢loses a ground to the PC lead to operate the reglster associated with the
no check trunks.

When all trunks are busy in service or a make busy plug iz inserted
in the MB jack, ground is removed from the "FE' lead releasing the (B) relay

in traffiec register circuit to operate register assocciated with this group of
trunks.
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TERMINATING MARKER
PURPOSE OF CIRCUIT

This eircuit is part of the terminating equipment of a crose bar of=-
fice and is used in connection with terminating senders, "BY switchboard
genders, mamber checking senders, mumber group connectors, line choice connecs
tors, incoming link and connector and mamber checking trunk cireuits. Its
purpose is to translate the digits registered in the terminating or "B" sender
into mamericel blocks of 100's, to conmect to 2 number group connector, line
cholce connector and to an incoming link and comnector circult, to test the
called line and select an idle individual lina, or to select & line of a termi=-
pal hanting group if available. Also to test the pathe necessary to set up the
connection, to operate the selecting and holding magnets in the incoming link
and connector circuits and the line link circuit, selecting the line link and
groap control circuit required to set up the call, and locking out originating
traffic; also to transmit ringing, tusy back, overflow and free llne information
to the incoming trunk, to test for trouble comditions which might affect the
.call and to rercute to one of seversl intercept groups when such routing is
wanted. Two of the terminmating marker circuits are also used to complete mumber
checking calls, no test calls and no hant calla,
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QFERATION AND LOCKING OF RELAYS (CK4) AND (CKS)

Wohen a sender has registered the four mumerical digits or has received
a reorder signal, it connects to the terminating marker connector ciremnit for
the purpese of seizing a terminating marker (see XB-180). The operation of the
preferance relay in the terminating marker comnector grounds the "CEG" lead
which operates the ground esupply relays (CEE) and (CK7). Relay (CKS) operates
relays (CK1), (CK2) and (CE3) and grounds lesds "CKE1", "CK2", "CK3" and "CK4",
It also operates relay (ELT) and (INA) while relay (CK7) operates relays (X53),
(OR) and (ALW) the functions of these relays will be deseribed later.

When the terminating marker comnector cuts ite leads through from the
sender, the marker roceives a record of the four mumerical digits and the mmber
of the imcoming frame onm which the call was reccived.. This information is re-
corded on the nusericel and incoming register relays, all other recording re-
lays not used for this call are operated Irom ground supplied over the check
leads,

When all the markor check leads are operated, they close a chain cir=
cuit started from ground at rolay (Fl) and through relays (CKl), (CK2) and (CE3)
to operate relays (CK4) and (CK5). This chain circuit is not closed unless the
(coWl) relay is normal to insure the marker has restored to normal from the
previous call.

The operation of relay (CK4) grounds the marker peg count lead (see f
XB-252), alsoc breaks the normel oparating path for relay (CEl). The operation {i
of relay (CES) breaks the normal operating paths for relays (CK2) and (CK3). .
Relays (CE4) and (CES) also open the grounding circuit for leads "CK1", "CE2°, |
YCE3" and "CE4". This should release all recording relays except those cporated
from solid ground in the sender. If any one of these umased roceiving leads is '
Talsely grounded, the false ground will btack up on leads "CE1™, "GE2", PCEZ®
and "CE4" preventing the (CE1l), (CE2) or (CK3Z) relay from releasing, which
would block translation. Relay (CES) operates relay (XS1) and (CK8). When
(%51} operatéd it in turn operates relay (X52) which opened the operating cir=
cuit of relay (X53) but this relay is still held through & normal contact of

- —
(X85) relay. With relays (CE8) and (X83) operated, relay (X54) operates in

turn operating relay (XS5) which releases relay (X53) in turn the (X54) re-
leases, which in turn releases relay (X55). When relays (X53) and (X55) re-

lease they close a circult in part for operating a (TB=) relay in a mamber

group connector circuit (see XB-302). -

When relay (ALT) operated it in turn operates relay (LLB). This relay P
will be used in later functions of the clreuit.
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TRANSLATION
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GEIZURE OF NUMBER GROUP CONNECTOR

There is one start lead per momber group connector circuit per marker.
The associated momber group connector start leads are browght into each marker
to punchings designated NG-5TO, to NG-5T24 and arranged so that the "ST" pointa
of the tramslator may be comnected to them.

Bach group of 20 consecutive mumbera iz a unit and will be raferred to
as a 20=-block. Five congsecutive 20-blocks constitute a 100-block and each 100-
block has its own "ST" lead for the selection and seigure of the mumber group
connector. Therefore, any 100-block may be located in any number group connec-
tor.

The oumber group connector start lead is closed from 226 ohm btattery
through beck contacts of relays (TM7), (SFL) and (TM3). If the muzber group
connector is idle all its (MP) relays will be normal which will allow the (MF)
relay associated with this terminating marker to operate and lock. The operated
(MP) relay operates the number group marker ecut-in relay (MCA) which in turn
operates relays (MCB), (MOC) =nd (MC