PRSES—. ¥

Western Electric Co., Incorporated, ( 1 Pages, Page 1 )
Issue 3 BT 431628

Equipment Engineering Branch, Hawthorne.
Appendixz 1
May 16, 1925,

This M. of Q. was written from Issus 42 of T-431628.

METHOD OF OPERATIOR
Line Circuit - Trip Circuit - Start Circuit - Line Finder Circuit District
Selector Circuit & Time Alarm Circuit - Arranged for Two Party Message Register

Lines.~- Panel Machine Switching System.

Change sentence commencing on line 13 of psragrsph 34 to 2 sentences

reading as follows;

As the switch leaves position 9, the dialing circuit is opened at cam P,
In position 9 3/4 the ring lead from the line finder is closed through cam Q to
(P?] selector switch and in position 10 the tip lead is closed through cam P,

APP'D, E.R.COOKE

ENG. F.S.G. CHK'D. G.E.H.
5419/25 H.G.J.
B.T. ; .
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Weastern Electric Company, Incorporated, (_30 Pages, Page 1 )
Equipment Engineering Branch, Hawthorne. Issue 3 BT 431628

October 18, 1923 (=*)
' Replacing all previous issues.

This M. of O, prepared from Issue 37 of T-431628.

METHOD OF OPERATIOR
Line Circuit - Trip Circuit - Start Circuit -~ Line Finder Circult District Se-
lector Circuit & Time Alarm Circuit.- Arranged for Two party message register
lines Panel Machine Switching System.

DEVELOPMERT

1. PURPOSE OF CIRCUIT

1.1 This circuit is arranged to find the calling subscriber's line
and connect, it with the various switching apparatus necessary to
complete a call,

20 WORKING LIMITS

2ol This circuit has a maximum external circuit loop range of 5010
ohme. It is also used with subscriber's loops of 900 ohms resistance
maximum and minimun leak of 10,000 obms.

QOPERATION

3. PRINCIPAL FUNCTIONS

The principal functions of this circuit are:

3ol To find the proper line and start the sender selector hunting for
an idle sender,
‘ . To ertablish talking connections,
303 To swply talking battery to the calling station,
3c4 To test the line to determine which party is calling.
35 To operate the proper message register on a charge call.
‘ 306 To connect a busy tone to the calling station, if required.
367 To disconnect battery and ground from the subscriber's line on an

incoming call,

3.8 To provide a time interval of 35 seconds before a signal is given
on calls where the line finder fails to find the calling line.
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3.9 To advance to the next normal terminal when the kgy is operated.
3010 To route the calls to the respective line finder selector.
3211 To distribute calls uniformly to the start circuits.

4. CONBECTIKG CIRCUITS .

Thie circuit will function with;

4,1 Any standard subscriber’s sender or incoming circuit.

DESCRIPTION OF OPERATION - LINE AND TRIP CIRCUITS

5. ORIGINATING A CALL

The operation of a call originating in the first ten lines of a
group is as follows;- When the receiver at the calling station is re-
moved from the switchhook, the (L) relay in the line circuit operates,
through the 200 ohm resistance, winding of the (L) relay, contact of
the (CO) relay, ring side of the line through the subscriber's loop,
back over the tip side to ground on the armature of the (CO) relay.
The line relay (L) operated, conmnects battery to the H terminal of the
line and operates the (BA) relay through its inner winaing. The (BA)
relay operated, operates the (TR) relay from ground on the armature of
the (BA) relsy, break contact of ths (K) relay, 700 ohm winding of the
(TR) relay to battery over the (TR) lead. The (TR) relay operated,
operates the two trip magnets, (b) opens the locking series circuit
through the (TR) relays in the other bank groups and (c} locks through
its 600 ohm winding to battery on terminal 1 and brush of the G group
distributor selector, in series with the (STA) relay in the start cir-
cuite ‘

€ g, STARTING A LINE FINDER

When the (STA) relay in the Start circuit operates, it starts a
line finder hunting for the calling line. Each TRIP magnet operates
its trip rod, thus tripping the corresponding group brushes of the as-
sociated selectors on its respective side of the frame as the line
finder selector starts upward, Ground on the X lead operates the (K) .
‘relay which, (a) locks to ground on the armature of the (RBA) reley
undsr control of the (0) relay, (b) opens the circuit through the 700
ohm winding of the (TR} relay, thus preventing another line finder
selector from being started by this call (¢) closes a circuit from the
1500 obm winding of the (0) relay, but the (0) relay does not operate
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at this time on account of insufficient current through the winding, As
the line finder selector moves upward and at the end of the tripping zone,
ground on the K commutator brush and segment, short circuits the 300 ohms
winding of the (TR) relay. The {TR)} relay released, closes the locking
series circuit through the (TR) relays in the other groups and opens the
circuit through the two trip magnets, which release.

RELEASIEG THE TRIP CIRCUIT

When the selector brushes make contact with the terminals associated
with the calling line, battery on the H terminal operates the (0) relay.
The {0) relay operatea, opens the locking circuit of the (K} relay but
the (K} relay is very slow in releasing and holds the (0) ralay operated
through the 1500 obm winding in order to permit the (BA) relay to release
before the (0} relay, otherwise amother line finder may be started by this
calls When the line has been found the district functions and cornects
battery to lead S, operating the (CC) relay. The (CO) relay operated,
releases the lime (L] relay which in turn releases the (BA) relay thus
opening the circuit, releasing the (0) relay. Another call may now start
within this same group of ten lines if the starting circuit is ready for
the call. The operation for a call originating in the last tem lines cf
a group of twenty, will be similar to that already described for the first
ten lines except that the (BA~1}, (K-1), (0-1), and (TR~1) relays are in-
volved instead of the (BA), (0}, (TR) and (X) relays.

SIMULTANEQUS CALLS

If there are simultaneous calls in both the first and last tem lines
of a group of twenty- lines, the relays of both sub-groups will operate
as already described, starting two line finder selectors in different
sub-groups at the same time, In this case, the inner windings of the (0)
and (0-1) relays are connected together through the make gontacts of the
(BA) and (BA-1) relays. The (0) and (0-1) relays will therefore operate
in parallel when the H brush of either or both line finder selectors make
contact with the H terminals of the calling line.

MESSAGE REGISTER

The two party message register district which is sssociated with this
circuit is arranged to test the subscribers line to determine which sub-
gscriber is calling. When this test has been masde and the distrioct ad-
vances to its message registering position, the (GO) relay is either held
operated or released depending upon which party is calling and battery is
connected to lead H, thus operating the (MR-1l) or (MR-2) message register.
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10, TERMINATING CALLS e

When the final selector conmects to the tip, ring and sleeve ter-
minals of an idle line at the final multiple, battery through a re- j
sistance in the final eircuit is connected over the S lead to ground
through both windinges of the (CO) relay (on individual lines or the .
last line of a group of comsscutive lines) or through the 100 ohm
winding of the (CO) relay (on intermediate lines of a group of con-
secutive lines). The (CO) relay operated, disconnects the L relay
battery bridge from across the tip and ring of the line. When the
final selsctor returns to normel, the circuit through the winding of
the (CO) relay is opened, relsasing the relay and restoring the cir-
cuit to normal. '

OPERATION START CIRCUIT ; : P
11 ORIGIRATING CALL

When the receiver at the calling station is removed from the
switchhook, various relays in the lins and trip circuits operate,
opsrating the (STA) relay from ground over lead I, termimal 1 and
brush. of the (G) group distridbutor selector, bresk comtacts of the
(C}, (CA) and (SB) relays to battery through the 18-BH resistance
in parallel with the winding of the (ST-A) relay. The (ST-A) relay
operated, (a) operates (STP-G) magnet, which remains operated until
the (ST-A} ralsy releases, (b) short circuits the 500 ohm winding
0f the (CA) relay, preventing it from operating amd starting a line
finder in sub-group (B), while & call is going through, (¢) connects
ground to lead (K) and (d) closes a cireuit over lead (ST} thus start-
ing a line finder hunting for the calling line. .

12, STARTING LINE FINDER

As the line finder starts upward & circuit is closed over lead
(Y) operating the (G4} relay. The (GA) relay operated, removes
ground from lead (ST), locks to ground on the armature of the (ST-A)
relay and closes a circuit operating the (STP-A) magnet, This cir-
euit is traced from ground on the make comtact of the (ST-A) relay,
make contact of the (GA) relsy, terminal and brush of the (A-3) arc .
of the (A) selector, to battery through the winding of the (STP-a)
magnet., The (STP-A) magnet remains operated until the release of
the (ST-A) relay. Ground is connected to lead (CH) operating the
{CA) or (CB) relsy when all line finder selectors in a group are
off normal, As the line finder continues upward ground is
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momentarily comnected to lead (Kj, thus releasing a relay in the trip cir-
cuit but holding the (SPA) relay operated. When the group is disconnected
from lead (K), the (STA) relay releases and (a) opens the locking circuit
through the (GA) relay, which release, (b} opens the circuit over lead (K},
(c) opene the circuit through the (STP-G) magnet, which releases and steps
the brushes of the (G) group distributcr selector to the next terminals,
(d) opens the circuit through the (STP-A) magnet, which releases and steps
the brushes of the A group distributor selector to the next terminals (a) .
removes the short cirocult from the 500 ohm winding of the (CA) relay,
which does not operate unless 21l selectors in the group are busy.

EMERGENCY RELEASE OF START CIRCUIT

if either the (STA} or the (STB) relay remains operated, due to the
failure of the (TR) or (TR-1) relay in the trip circuit to be shunted
out and released, the (KF) relay operates as soon as the interrupter con-
tacts I, III and V close, and locks under control of the (STA) or (STB)
relay, If it remains locked for two seconds, interrupter contacts II
and IV close ground to either the (TR) or (TR~1l) relay in the trip cir-
cuity, (depending upon whether the eall is through the "A" or "B" sub-
group), releasing the (TR) or (TR-1l) relay. When ground is removed by
the opening of the interrupter contacts II or IV, the (STA) or the (S5TB)
relay releases, releasing the (KF) relay and restoring the circuit to
normale

START CIRCUIT

The closure of the interrupter contact Vi, which occurs at the same
time contacts II and IV are closed, while the (KF) relay is operated,
operates the (KA) relay. The (KA) relay operated, (a) locks under
control of a key at the trouble desk, (b} lights a lamp at the trouble
desk, individual to the line finder frame and operates an alarm. The
cperation of the key releases the (XA) relay, extinguishing the lamp
and silencing the alarm, The operation for a call originating in the
last 10 lines of a group of 20 will be similar to that already de-
soribed for the first 10 lines, except that the (ST-B) and (GB) relays
are involved instead of the (ST-A) and (GA) relays.

ALL SELECTIONS IN ONE SUB-GROUP BUSY

If all the selectors in sub-group "A", for example, are busy, the
(CA) relay operates over a circuit from ground over lead (CH), 500 ohm
winding of the (CA) relay, to battery through the 600 ohm resistance
(C)e The (CA) relay operated, transfers, the circult over lead 1 from
the winding of the (STA) relay, to battery through the winding of the
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(SA}) relay and the break contact of the (SB] relay. When a call is
now received, the (SA) relay operates in turn operating the (STB)
relay. This circuit is traced from battery through the winding of
the (STB) relay, make contact of the (SA) relay, 600 ohm resistance
(B}, to ground on the armature of the (CB) relay. The (STB) relay .
operated, operates relay in the district thus starting a selector

in the "B" sub-group hunting for the calling line and closes a lock-
ing circuit through the 1000 ohm winding and make contact of the
(CA) relay. This is to prevent the release of the (CA) relay should
a selector become available in the (A) sub-group while a call is go-
ing through the (B) sub-group. If all selectors in sub-group (B)
are busy, the operation is similar except that the (CB), (SB), and
(8T-4) relays now operate. The (ST-A) relay operated, starts a
selector in the (A) sub-group hunting, as explained before.

l6. ALL SELECTORS IN BOTH SUB-GROUPS BUSY -

I1f all seleciors in both sub-groups are busy, both the (CA) and %
(CB) relays are operated. Should a call be received in either sub-
group under these conditions, the corresponding (SA) or (SB) relay
operates, but neither the (STB) nor (STA) relay operates, as the
circuits to ground on the armature of the (CA) and (CB) relays are
open. When a call is received in the (A) or (B) sub-group while all
selectors are busy, the special message register (MR) in ths start-
ing circuit operates through the make contact of the (SA) relay to
ground on the armature of the (CB} relay, if the call is in sub-
group (A), or through the make contact of the (SB) relay to ground
on the armature of the (CA) relay, if the call is in sub-group (B).
The message register thus indicates the number of calls which were
originated while all the line finder selectors were busy. .

17. DTESTING LIRE FINDER SELECTOR

This circuit, which is shown associated with the starting cir-
cuit, enables the testing of any particular line finder selector at
any time, The test line used with the test box circuit for making
the test is the first or bottom line of the bottom bank in both (4)
and (B) sub-groups, the first line terminal in both sub-groups be-
ing connected together. When the 184 plug (shown on the line finder ‘
circuit) is inserted in the test jack of the line finder under test,
the (ST) and (8T-1) leads are comnected together and the circuit that
supplied battery to the (ST) lead is transferred to lead (2), When

\

-
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the plug of the test box cord is imserted in the test jack, the (A) relsy |

operates from ground on the sleeve of the test box cords The (A) relay |

operated opens the circuit over lead (TR) and operates the (B) relay. |

The (B) relay is slow in operating to prevent a call which has just

reached the (STA) or (STB) relay from being interrupted. The (B} relay |
‘ operated, (a) locks to battery on its make contact (b) operates the (C) !

and (C-1) relays and (c) closes the ring side of the loop through the

|
test box, which operates the (L) relay associated with the test line. |
The (C) relay operated, (a) transfers the circuit for operating the (STA) '
relay from the (G) distributor selector bank, (b) opens the normal (ST) '
lead, (c) comnects ground to lead {z), (d) opens the operating circuit
for the (ST-B) relay, which would otherwise operate and lock on a call t
within the last 10 lines in the group. The (CI) relay operated (a)
closes a circuit over the (TR) lead from battery on the armature of the |
(STP-G) magnet, (b) connects the (K) lead of sub-group (A} with the (K) '
lead of sub-groups (B), thus conneoting the (K) commutator segments of
2 all the selectors of both sub-groups together, (c¢) connects the (Y) lead
of sub-group (A) with the (Y) lead of sub-group (B), so that the (GA) re-
lay will be operated by a selector in either sub-group. When the (L) re-
> - lay in the test line operates, the trip circuit functions and connects
ground through a relay in trip circuit, over lead (TR} make contact of |
the (CI) relay, break contact of the (STA) and (STB) relay to battery on
the contact of the (STP-G) magnet, operating the relay in the trip cir-
cuit, When the relay in the trip circuit operates, it locks over lead 1,
make contact of the (C) relay, break contacts of the (CA)} and (SB) relays
to battery through the winding of the (STA) relay in parallel with the
18~BH resistance, operating the (STA) relay. The (STA} relay operated,
operates the (STP-G) magnet which remains operated until the (STA) relsy
releases, (b} short circuits the 500 ohm winding of the (CA) relay (c)
connects ground to lead (K), (d) operates the (D} relay and (e) closes |
a circuit from ground through the break contact of the (GA) relay, make
. : contact of the (C) relay over lead (Z) to battery through a relay in the |
district thus causing the line finder to start hunting for the calling
line, The (D) relay operated, locks to ground on the armature of the
(A) relay. When the (STA)} relay releases, the (E) relay operates from
ground on the left armature of the (STA) relay, make contact of the (D)
. relay, to battery through the break contact and winding of the (E) relay.
The (E) relay operatea, (a) locks to ground on the armature of the (A)
‘relay, (b) releases the (C) and (C~1) relays, thereby restoring the
’ starting circuit to normal, (¢) closes the circuit from battery on the
armature of the (3TP-G) magnet, which was opened by the operation of the
(A) relay and later closed by the operation of the (C-1) relay, through
to the (TR) lead. When the plug of the test box cord is removed from
the test jack, the (A) relay is released, releasing the (B), (D), and
{(E) relays, thereby restoring the test circuit to normal,
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18. LINE FINDER DISTRIBUTOR

The distributing selectors 4 and B are used for distributing
calls uniformly to the line finder selectors in sub-grouvs 4 and B

respectively.
19. LESS THAN 40 SELECTORS FOR 300 LINES : ‘

When the number of line finder selectors for a group does not ex-
geed 40 selectors for each 300 lines, the starting circuit shall be
equipped with two 200-R distributor selectors. Figure 1 shows these
selectors wired and equipped for 16 line finder selectors for each sub-
group. When the cperation of the (ST-4) relay in the starting circuit
counects ground on the start (ST) lead, the (LF) relay that operates
depends upon the terminal on which the (A4-1) bridging brush is restinge.
Assume the (A-1) brush is resting om terminal 1 in the regular start
circuit of sub-group A. In this case if the first selector is not
busy the associated (LF) relay operates and starts a Line Finder hunt- -
ing for the calling line. If the first selector is busy, the ss-
sociated (MB) relay will be operated and the circuit through the (LF)
relay will be opened. In this case the (LF) relay associated with
the next idle selector will operate. Assuming this to be the tenth
selactor, a circuit is then closed from ground om the (S7-4) relay
through the break contacts of the (GA), and (C)} relays, the (4-i)
bridging brush and terminal 1 of the (A-1) arc of the distributor
selector the ST lead make contact of the first (MB) relay, the series
make comtact of the succeeding operated (MB) relays, break contact of
the tenth (MB) relay, to battery through the imnmer winding of the
{(LF) relay which operates. The operation of the (GA) reclay, operajes
the (STP~A) magnet from ground on the armature of the (ST-i) relay,
through terminal 1 and (A-3) brush, to battery through the winding of
the magnet, 8o that when the (GA]} relay releases on the completion of .
a ca2ll, the (STP-A) magnet releases, in turn stepping the selector
brushes one step and giving the next selector the praferemce. When
the brushes of the distributor selector advance from the terminals eof
the last line finder selector terminal 16, the selector is advanced
over the spare terminals to the first terminal from ground on the
strapped spare terminals through the (4~2) brush. While the selector
is advancirg over the spare termimals, a call at this time will be

~A

routad to the first selector through the (A-1) brush and strapped
spare terminals by the strap from terminal 22 to terminal 1 on thse ‘
(A’l) arc.
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MORE THAN 40 SELECTORS FOR 300 LINES

When the number of line finder selectors for a group exceeds 40
selectors for each 300 lines, the starting circuit shall be egquipped
with two 200-P distributor selectors. Figure 2 shows these selectors
wired and squipped for 26 line finder selectors for each sub-group. It
will be noted that the ST leads from the first 15 line finder selectors
of each sub-group are connected in their respective order to the first
15 terminals of the (A-1l) and (B~1) arcs and the ST leads of the last
11 line finder selectors of sach sub-group are connected in their re-
spective order tc the first 11 terminals of the {A-4) and (B-4) zrcs,

It will also be noted that the brushes of the first three arcs of each
selector are in the opposite position from the brushes of the last three
arcs, so that Only three®brushes of a selector will be making contact
with terminals at the same time, the other three brushes being open at
that time. On a regular call,in sub-group A, the circuit functions, as
described for Figure 1, until® the first three brushes of the A distri-
butor selector advance from terminals 22. At this time the first three
brushes are open and the last three brushes are now resting on the first
terminal of the (A-4), (A-5) and (A-6) arcs. The mext call in this sub-
group will then start 16 selector, if idle;, hunting for the calling line.
Assume the last three brushes are resting on terminal 11 of the associ-
ated arcs and the 26 line finder selector is idle. The operation of the
(ST-A) relay in the starting circuit closes a circuit from ground on its
armature, break contacts of the {GA) and (G) relays, (4-4) brush and ter-
minal 11, (ver the ST lead, through the break contact of the (MB) relay
of the last or 26 line finder selector in the sub-group, to the associ-
ated (LF) relay. The operation of the (GA) relay operates the (STP-A)
magnet through the (i-6) brush and terminal 1l. The release of the
{ST-A) relay releases the (STP-A) magnet, advancing the brushes to the
next or terminal 12, Ground on spare terminals 12 to 22 through the
(A-5) brush advances the brushes of the selector until the first three
brushes are resting on the first terminal of the (A-1), (A-2}, and (A-3)
ar¢s. While the selector is advancing over the spare terminais a call

at this time will be routed to the first selector through the (A-4) brush
and strapped spare terminals by the strap to terminal 1 of the (A-1) arc.
The pumber of line finder sselectors for a sub-group may thus be arranged
by changing the necessary strapping on the selector arcs. The operation
for the emergency selector for sub-group "A", and the reguler and I
emergency selectors for sub-group “B" are similar.
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LINE FINDER ‘

2l, IBITIAL OPERATION

When the receiver at the calling station is removed from the
switchhook, various relays in the line circuit operate and connect
battery to the H terminal of the line at the line finder multiple
bank., When ground is connected to the ST lead, the (LF) rselay
opsrates and (a) locks through its windings in series to ground on
the make contact of the (H) relay, (b) closses a circuit over lead Y .
operating the {(GA) relay in the starting circuit, (c) operates the
UP magnet from ground on an "N" commutator brush and segment, causing
the line finder selector to travel upward and hunt for terminals of
the calling line, to which battery is connected, as hereinafter
described, (d) closes a circuit from the same ground on the "N" com-
matator brush, operating the (CI) relay.

22, FINDING A SENDER

As the line finder selector starts upward, hunting for the cali- )
ing line, a circuit is closed through the M commutator, slightly
after the brushes of the selector move off-normal. Ground on the M
commutator brush and segment, operates the line finder (E) relay,
The (E) relay operated, (a) operates the (MB) relay, (b) closes a
circuit, operating the (D) relay, (c) opens the operating circuit of
the (CI) relay, thus permitting the relay to release if the test brush
of the sender selector is making contact/with the test terminal of an
idle sender. If the test brush of the sender selector is making con-
tact with the test terminal of the busy sender, the (CI}) relay locks
through its ohter winding, lower contacts of cam S, to ground on the
test brush of the sender selector. With the (CI) relay held operated,
the operation of the line finder (E) relay also closes a circuit op=
erating the (F) relay in the line finder circuit and the district se-
lector (STP) magnet., This circuit is traced from battery through the
1,000 ohm winding of the (F) relay and through the windings and break ‘
contact of the STP magnet, make contacts of the (CI) and (E) relays to
ground on cam H, thereby stepping the senaer selector brushes one step
on its back stroke, If the next sender circuit is idle the (Cl) relay
releases, in turn stopping the selector, but if the next terminal is
busy, the (CI) relay remains operated and the sender selector continues
to step until an idle sender is found. When the (CI) relay releases,
the test terminal of the selected sender is immediately made busy to
all hunting sender selectors by ground connected to the test brush .
from cam H through the make contact of the (E) relay and the break
contact of the (CI) relay. This busy ground is connected until the
switch advances from position 1-1/4. The operation of the (F) relay
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opens the tip and ring leads between the line finder commutator and the
district circuit and prevents the district (L) relay from operating and
advancing the district switch from normal, should the lipe finder selector
connect to the terminals of the calling line before the sender selector
finds an idle sender,

MAKING DISTRICT BUSY

“I' 23,

24,
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THE (MB) RELAY OPERATED

(a) Locks to ground on lead X so that it will not release should the
selectcer return to normal while another call is going through, (b} cloees
a circuit to battery through the 800 ohm winding of the (F) relay, which
operates if it was not previously operated, (c) connects ground on its
armature to the series circuit through the (MB] relays of the otker sge~
lectors in the same group, thus permitting the operation, over lead (CH)
of the (C4) or (CB) relays in the starting circuit, when all line finder
selectors in the group are off-rormal, (d) opems the circuit over leead Y,
to prevent the (GA) relay from reoperating, (e) transfers the ST lead to
the next line fimder, which, if busy, transferg the call over the 3T lead
in the same manner until an idle line fimder is found.

RELEASING THE TRIP AND START CIRCUITS

As the line finder selector continues upward, at the end of the trip-
ping zone, the K brush makes contact with the K commutator, thus comnect-
ing ground to the X lead which short-circuits and releases various relaye’
in the trip and start circults. The trip and start circuits are thus re-
leased and the circuit over the X lead is opened dut the (MB) relay will
not relesse as it is held operated through its operating winding.

FINDIRG CALLING LINE

When the selector brushes make contact with the terminals associated
with the calling line, the (H) relay operates from battery in the trip
circuit, over lead H, to the H maltiple terminal and brush of the H com-
mutator brush and segment, outer contacts of cam W, winding of the (H)
relay to ground on the break contact and armature of the (DS) relay.
With the (H) relay operated, a 50 ohm non-inductive shunt is conmnected
to its winding, to ground on its armature for the purpose of increasing
the current through the 500 ohm winding of the (0) relay in the trip
circuit, thus speeding its operation. This is necessary on account of
the very short time period during which the H brush makes countact with
the H terminal before the circuit over ths H lead is opened by the over-
throw of the selector. The (H) relay operated, opens the circuit which
holds the (LF) relay operatea, but (LF) relay does not release
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immediately on accouvmt of a circuit being closed from ground on the '
C commutator brush and segment, to battery through both windings of
the (LF) relay in series. The (LF) relay is thus held operated un-
til the brushes are centered on the terminals of the calling linme.
When the circuit through the C commutator segment is opened, the (LF)
" relay releases and (2) opens the circuit through the UP magnet, which
stops the selector brushes on the terminals of the calling lime, (D)
opens the circuit through the 800 ohm winding of the (F) relay so
that when the circuit through its 1,000 ohm winding is opened, by the
release of the (CI) relay when the district sender selector seizes an ’
idle sender, the (F) relay releases, (c) closes a circuit operating
the (SL) relay. This circuit is traced from ground on the M com-
mutator break contact of the (LF) relay, make contact of the (E) relay,
winding of the (SL) relay, cam T, make contact of the (D) relay, to
battery on the break contact of the (DS) relay.

26, THE ADJUSTMENT OF THE "C" COMMUTATOR BRUSH

The adjustment of the "C" commutator brush, with the relation to
the tripped "H" multiple brush, is such that it does not break contact
with the "C" commutator segment, until slightly after the holding cir-
cuit through both windings of the (LFP) relay is opened by the operation
of the (H) relay whem the H brush makes contact with the H terminals
to which battery is connected. The UP magnet, therefore remains operated
and the selector continues to travel upward until the brushes are
carried slightly above the center of the line terminals, allowing the
locking pawl to enter the notch on the rack attached to the brush sup-
port rod. At this time, the holding circuit through both windings of
the (LF) relay is opened at the "C" commutator, releasing the relay.
The (LF) relay releassed, releases the UP magnet. The selector then
drops into place, thus centering the brushes on the line terminals.

27, ADVANCING SWITCH TO POSITIOK 2

The (SL) relay operated, closes a circuit which operates the (L) ‘
and (CH) relays, This circuit is traced from ground on the N com=-
mutator brush and segment, through the break coamtact of the (F) relay,
make contact of the (SL) relay, cam O, to battery through the both
windings of the (CH) relay. This same ground is then connectea through
cams O and R to battery through the 800 ohm winding of the district (L)
relay., The (CH) relay operated, closes a circuit from ground on cam I,
break contact of the (CS) relay, make comntactoof the (CH) relay to
: battery through the selector time alarm circuit (not shown) which per- .
forms no useful function at this time, The (L) relay operated, closes
a circuit advancing the district switch to position 2. This gircuit
is traced from battery through the R magnet, cam B, make contact of
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. the (L) relay, to ground through cam M. As the switch advances from
position 1, the circuits through the (L) and (CH) relays are cpened, re-
leasing the relays and disconnecting the selector time alarm circuit. In
position 1 1/2 to 2, the associated sender is held busy by ground through
cams I and C.

28 COMPLETING FUNDAMENTAL CIRCUIT

‘ With the switch in position 2, the tip and ring leads are closed from
the calling line to the tip and ring leads of the associated sender cir-
cuit, thus permitiing the dialing tone to be transmitted back over the
dialing eircuit from the assooiated sender, as an indication that the ape -
paratus is ready to receive the call by the operation of the station dial.
The tip side of the dialing circuit is closed from the tip of the line,
through the break contact of the (F) relay, cam P, to the tip brush of
the sender selector. The ring side of the disling circuit is closed from
the ring lead of the line, through the break contact of the (F) relay,
cam & to the R brush of the sender selector. In position 2, the (0I) re-
lay operates through its outer winding to ground on cam §, and remains
operated until the switch advances from position 10. The (CI) relay
operated (a) connects ground through the inmner contacts of cam S, to the
test brush of the sender selector, thus making the associated sender test
busy after the switch advances to position 2, (b) closes the tip side of
the fundamental circuit through to the sender, and (¢) operates the (CI-1)
relaye The (CI-1) relay operated closes the sender control SC lead
throuzh cem V, cam U, to battery through the outer winding of the (D) re-
lay. After the sender functions, the fundamental circuit is established
for the operation of the district (L! relay and the stepping relay in the
sender. This cirocuit is traced from ground in the sender circuit, through
the FT brush, make contact of the (CI) relay, cam L, to battery through
the 1200 obm winding of the (L) relay, which operates. The (L) relay
operated, locks through its 1200 ohm winding and make contact, cam L, to
the same ground over the FT lead and advances the switch to position 3

' from ground on cam Mo The 500 ohm winding of the (CH) relay is also con-
nected through cam U, in parallel with the winding of the (D) relay.
Should the (CH] relay operate at this time due to a high resistance ground
in the sender circuit, no useful function will be performed.

29, DISTRICT BRUSH SELECTION

With the switch in position 3, the Up magnet is operated for brush
selection over a circuit traced from dbattery through the winding of the
‘ magnet, cam C, make contact of the (L) relay, to ground through cam M.
As the selector moves upward inm position 3, carrying the commutator
brushes over the commutator segmente, the A segment and brush intermit-
tently comneet ground to the tip side of the fundamental circuit through
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cams K and Ly holding the (L} relay operated, but euccesﬁvely short- . .
circuiting the stepping relay in the associated sender circuit, thus

releasing and permitting its reoperation until the proper brush hes

beecn selected. When sufficient impulses have heen sent back to

satisfy the sender, the fyndamental circuit is opened, releasing the

(L) relayo. The (L] relay released, opens the circuit through the Up

magnet, thereby stopping the upward movement of the selector, and ad-

vances the switch to position 4. When two digit senders are used

with this circuit, the advance of the sender replaces the high re-

sistance on the SC lead a 500 ohm ground, thus insuring the operation .
of the (CH) relay. In position 4, the trip megnet (TM) is operated

from ground through cam S, and the (L) relay is operated and locked

-to ground on the fundamental circuit previously described, advancing

the switch to position 5. -

0o DISTRICT GROUP SELECTION

With the switch in positica 5, the UP magnet is recperatsd amd
the trip magnet being operated, causes thepreviously selected set of
brushes to trip when the selector starts upward. As the selector
moves upward for group selection, carrying the brushes over the com-
mutator segments, the B segment amd brush intermittently cormecis
ground to the tip side of the fundamental circuit through cam L,
holding the district L relay operated, but suascessively short-
circuiting the stepping relay in the associated sender circuit, thus .
releasing and permitiing its operation until the proper group has
been selected. When sufficient impulses have been sent dback to
satiefy the sender, the fundamentel circuit is opened, releasing the
L relay which in turn opens the c¢ircuit through the UP megnet and ad-
vances the switch to position 6 When three digit senders are used
with this circuit, the advance of the sender replaces the high re-
sistance ground on the SC lead with a 500 obm ground, thus insuring
the operation of the (CH) relay. In position § to 6 1/4, a circuit
is closed from battery through the (B)} brush and terminsl of the line
test selector, winding of the (PT) selector, brush and terminal of ‘
the (S) arc, cam H to ground, energizing the (PT) selector magnst.
¥hen the switch advances from position 6 1/4, the energizing circuit
is opened, releasing the (PT] selector which steps its brushes one
terminal on its back stroke. The line test selector remains in
position 2 until the sequence switch is advanced to position 9 3/4.
With the switch in position 6, a circuit is closed from ground on
the line finder N comeutator, brush and segment, through the break
contact of the (F) relay, mske contact of the (SL)] relay, inner ‘
contacts of cam O, sam R, to battery through the 800 ohm winding of
the (L) relay, operating the relay. The (L) relay operated, advances
the switch to position 7.
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. S3le TRUKNK HUNTING WITH TRUNK IDLE

Should the first trunk in the group in which the selector is hunting
be idle, the (L) relay releases as the switch leaves position 6 1/4.
When the switch enters position 6 1/2 and 7 3/4 inclusive, ground is con-
nected to the sleeve of the selected trunk through cam M, break contact
of the (L) relay, cam E, as a busy condition until the switch advances to
position 7 3/4. ‘ ‘ :

. 82. TRUEK HUNTING WITH TRUNK BUSY

L4

.. Should the first trunk in the group in which the selector is hunting
be busy, the (L) relay is held operated in a circuit from battery through
its inner winding and make contact, cam E to ground on the sleeve terminal
of the busy trunk. With the switch in positien 7, the UP magret is re-
operated from ground, on cam M under control of the (L) relay and the
sélector travels upward until an idle trunk is found. When the idle
trunk is found, the locking circuit through the inner winding of the (L)
relay is opaned but the relay does not release immediately, due to a cir-
cuit being closed from battery through its outer winding, cam R to ground |
through the C commutator brush and segment. When the brushes are centered
on the trunk terminal the circuit through the ¢ commutator segment is
opened and the (L) relay releases and opens the circuit through the UP
magnet, which stops the selector brushes on the terminals of the selected
trunk. The (L) relay released, also advances the switch to position 8,

33, "C" COMMUTATOR e ' .

The adjustment of the “C" commutator brush, with relation to the

tripped sleeve multiple brush, is such that it does not break contact with

the C commutator, until slightly after the holding circuit through the in-

ner winding of the (L) relay is opened, by the sleeve brush leaving the |

busy terminal and making contact with the sleeve terminal of the idle |
. trunk. The UP magnet, therefore, remains operated and the selector con-

tinues to travel upward until the brushes are carried slightly above the

center of the trunmk terminals, allowing the locking pawl to enter the

notch on the rack attached to the brush support rod. At this time, the

holding circuit through the outer winding of the (L) relay is opened at

the "C" commutator, releasing the (L) relay which in turn releases the

UP magnet, The selector then drops into place, thus centering the brushes !

on the trunk terminal., During trunk hunting, in position 7 only, the com-

mutator feed ground is supplied from ground on cam M under control of the
‘ (L) relay. This is to prevent the reoperation of the (L) relay by the

closing of a circuit between the C commutator brush and segment on the

overthrow of the selector or as it drops into place.
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34, SELECTION BEYOND . |

4s the switch advances to position 7 3/4, ground through cam B is
is comnected to the sleeve of the selected trunk as a busy sondition,
With the switch in position 8, a circuit is closed from ground on the
armature and make contact of the (CH) relay, through cam 0O, cam R to
battery through the outer winding of the (1) relay which operated,
advancing the switch to position 9 In position 9, the tip and ring
sides of the outpgoing fundamental circult are closed through the tip .
and ring terminals of the selected trumnk for selection beyond,
through the FT and FR brushes of the sender selector, and cams F and
G respectively. After selection beyond has been completed, ground
‘'in the sender is removed from the SC lead, releasing the (CH) relay,
in turn releasing the (L) relay. Thse (L) relay released, advances
the switch to position 10.” As the switch leaves position 9 1/2, the
dialing circuit is opened at cams P and Q and, in position 9 3/4,
the tip and ring leads from the line finder are closed through cams
P and Q respectively to the (PT) selector switch.

36, FIRST TBST OF CALLING LINE

As the district switch enters position 9 3/4 to 10 1/2, the (P?)
magnet operates im e circuit through the S brush and 2 terminal to
ground on cam He The (PT) magnot operated, steps the brush assembly
tc terminal 3. With the line test switch on terminals 3, 4, 5, and
6, 48 volt battery is connected to the tip side of the subscriberts
iine, through terminal 3 and (T) brush of the selactor and cam P,
The charge in the station condenser is thus neutralized so that it
will not interfere with the proper functioning of ths (T) relay as
.the 1line is tested, when the line test switch enters a test position.
A circuit is also closed from battery through ons winding of the re-
peating coil, winding of the (DC) relay, (R-3) brush and terminals 3
of the test switch, to ground through the non-inductive winding of
the (RC) relsy, operating the (DC) relay. The opersation of the (DC) .
relay closees a holding circuit for the (D) relay. With the line :
test switch on terminal 3, a circuit is also closed from battery
through its B2 brush and 3 terminal, to grouzd through the immner
winding of the (RT) relay which operates.

360 ROUTIEE TEST
The (RT) relay operated, (a) closes a cirguit from ground on cam ‘
W through the (C) brush and 3 terminal of the line switch, make con-

tact and 3400 ohm winding of the {RT) relay, to battery through the
winding of the (T) relay which operates and (b) connects ground on
its armature to the selector time alarm circuit. The function of the
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(RT) relay is to make a routine test of the (T) relay on each call before
it is connected to the line in connection with making two-party tests.
I1f the (T) relay operates satisfactorily in series with the 3400 ohm wind-
ing of the (RT) relay, it does so0 on less current than it would receive
under the worst line circuit conditions, thus assuring its operation under
the worst circuit condition., If the (T) relay does not operate in series
‘ with the 3400 ohm winaing of the (RT) relay, the (PT) selector remains on
terminal 3, causing the selector time alarm circuit to function. When
the (T) relay operates on a routine test, a circuit is closed from ground
on its armature, make contact of the (RT) relay, to battery through the
inner winding of the (1) relay which operates. The (1) relay operated,
closes a circuit from ground on its armature, terminal 3 and (S) brush of
the party line test switch to battery through the winding and break con-
tact of the (PT) magnet, operating the selector which steps the brushes to
terminal 4. With the line test switch on terminal 4, the operating cir-
cuit for the (T) relay is opened, at the C brush, releasing the (T) relay.
The (T) relsy released, opens the circuit through the (I) relay which re-
leases, The (I) relay released, steps the selector to terminal 5 in a
circuit traced from ground om the armature and break contact of the (I)
relay, terminal 4 and (S) brush of the selector, to battery through the
winding of the (PT) magnet. With the line test switch omn terminal 5, a
circuit is closed from battery through the winding of the (PT) magmet,
(3) brush and terminal 5 to ground through the make contact of the 149-A
interrupter, operating the 200-S selector., When the contacts of the in-
terrupter break, the energizing circuit of the selector magnet is opened,
releasing the magnet, which steps the brushes to terminal 6. The 200-8
selector continues to operate under control of the 149-A interrupter, ad-
vancing the line test switch to position 8: Ground through the S brush
and terminal S advances the switch to position 9.

37, TESTING SUB-STATION

. At terminal 7 of the line test switch the subscriber's line is tested
to determine which party on the line has originated the call, in order
thst the call may be registered correctly. If the call originates at the
station whose ringer is connected to ground through a condenser, the (T)
relay does not operate. If, however, the call originates at the station
with the grounded ringer, the {T) relay operates in turn operating the
{(RC) relay. The (T) relay operates in a circuit from ground through the
sub-station ringing, over the tip side of the line, through the cam P,

‘ (T) brush and terminal 7 of the line test selector, to battery through
the winding of the (T) relay. The operation of the (T) relay closes a
circuit from ground on its armature, break contact of the (RT) relay make
contact of the (CI-l) relay to battery through the outer winding of the
{(RC) relay which operates. The (RC) relay operated, transfers the cir-
cuit to the message register as explained hereinafter.
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38 TALKING SELECTIORN

With the switch in position 10, the sender circuit functions
and connects ground to the FT lead, causing the (L) relay to operate
and lock through its inner winding over the tip of the fundamental
circuit previously described. The (L) relay operated, advances the
switch for talking selection. This circuit 18 tracsd from battery ‘
through the R msgnet, cam B, make contact of the {L) relay, to
grounda through terminal 9 and (C) brush of the line test selector,

As the switch advances, ground is intermittently connected to the

tip elde of the fundamental circuit through cam E, holding the (L)
relay operated, but successively short-circuiting and permittin

the reoperation of the stepping relay in the sender circuit. When
sufficient impulses have been sent back to satisfy the senaer, the
fundsmental circuit is opened, releasing the (L) relay. The (L) re-
lay released, opens the circuit through the } magnel, stopping the
switch in position 11, 12 and 13, depending upon the class of call,
When the line test switch leaves terminal 7, the (T) relay releases,
and 48 volts battery is disconnected from the tip side of the line,
With the line test switch on terminal 9 and the district sequence
switch in position 10, a circuit is closed energizing the 200=8
selector, This circuit is from ground cam B, terminal § and {S)

brush of the switch, winding of the (PT) magnet, to battery through
terminal 9 and (B) brush of the selector. As the district switch
advances from position 10 1/2, the operating circult of the (PT)
magnet is opened at cam H, releasing the magnet which steps its
brushes to terminal 10. With the test switch om terminal 9, the
holdaing circuit of the (DC) relay is transferred from the non-
inductive winding of the (RC) relay and closed metallic over the
sub-station loop. This circuit is traced from battery through one
winding of the repeating coil, winding of the (DC) relay, {(R) brush
and terminal 10 of the line test switch, cam Q, break contact of the ‘
(F) relay, terminal and brush of the line finder, through the station
loop, back through the terminal and brush of the selector, break con-
tact of the (F) relay, lower comtacts of cam P, {(T) brush and ter-
minal 10 of the test switch to ground through the outer winding of the
repeating coil,

9. DISCHARGING THE SENDER

I ¢losed for the ‘

{D} relay after the switch advances from position he (D) relay
(178-AK) 1is made slow in releasimg so that the comnection will not be
is moment

With the (DC} relay operated, a locklog circuit is
3
&

s 2 -

lost if the switchhook at the called station is nomentarily depressed.
4s the switch leaves position 10, the holding circuit of the (CI) re-
lay is transferred from ground on cam S to ground on cam E, unaer the
control of the (L) relay. 7This circult is traceu from battery through
the outer winding of the (Cl) relay, imner contacts of cam U, make con-

tact of the (CI-1) relay, cam V, make contact of the (Lirelay to ground
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through cam E, The relesase of the (L) relay opens the holding circuit
through the (CI) relay, disconnecting the sender from the distrigt circuit.

CALLED PARTY ARSWERS

When the recelver at the cslled station ls removed from the switchhook,
with the switch on position 11 or 12, reversed battery and groundi from the
incoming circuit operates the (CS) relay. The (C3) relay operated, closes
a circuit from ground on cam I, through cam N, winding of the (I) relay to
battery through the #3 contact of the 149-J interrupter. When the inter-
rupter contact closes, the (I) relay operates and locks to the same ground
through its make contact. When the #4 contact of the interrupter closes,
the operation of the (I) relay closes a circuit from ground on the inter-
rupter contact to battery through the windings of the (CH) relay, operating
the relay. The (CH) relay operated, locks through cam O, to ground on its
mage contact and closes a circuit to hold the (SL) relay operated. The
149-J interrupter is so connectea in the circuit that the operation of the
(CH) relay is delayed for at least two seconds after the (CS) relay operates.
This delay is to prevent the false operation of the (CH) relay should the
(CS) relay operate momentarily before the called party answers due to any
line disturbances.

OPERATOR ANSWERS

The switch advances to position 13, as described above, and when the
operator inserts the plug of an answering cord in the answering jack of
the trumnk, the (CS) relay operates on reverse battery and ground, over
the trunk, The (CS8) relsy operated, closes a circuit from ground on
cam I, through cam R, to battery through the outer winding of the (L) re-
lay, which operates and advances the switch to position 14, With the
switch in position 14, the repeating coil and battery are disconnected
and the T and R leads are connected directly to the T and R brushes of
the selector through cams P and @, respectively. As the switch enters
position 13 1/2, the (L) relay locks in a circuit from ground over lead S
of the selected trunky; and in position 14, the locking circuit through
the inner winding of the (D) relay is transferred from the contacts of
the (DC) relay to the contacts of cam J. In position 14, a checking tone
circuit is closed over the sleeve of the operatorts trunk, cam E, make
contact of the (L) relay, cams V and Y, 2 mf condenser, cam X, the §
brush and terminal at the line finder bank, to ground through the wind-
ing of the (CO) relay for number checkings.
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42. DISCONNECTION ~ REGULAR CALL

When the receiver at the calling station is replaced on the
switchhook, the (DC] relay releases, in turn releasing the (D) relay.
The (D) relay released, closes a circuit through the R magnet, ad- ‘
vancing the switeh to position 16. As the switch passes through ;
positions 13 to 13 1/2 and 14 3/4 to 15 1/4, a circull is closed
from ground on cam H, operating and releasing the (PT) magnet, thus
stepping the line test switch to terminal 12. The 149-A interrupter
steps the switch to position 18,

43, SECOND TEST OF CALLING LINE

As the line test switch passes over terminals 12 aud 13 with the
district switch in position 16, battery is connected through the (T)
brush and cam P to the tip side of the line to discharge the sub-
station condenser, On terminals 14 15 and 16 of the line test
switch, a second test is made on the line., During this test, the
tip and ring of the line are short-circuited through the make con=-
tact of the (CH} relay, in order to test for a foreign ground on
either gide of the line., With the district switch in position 16,
the (I) relay operates in a circuit from battery through its imner
winding, to ground onm terminal 10 &nd (C=5) brush of the line test
switch, and remains operatea until the line test switch advances
from position 15, If the (T) relay operates in position 14 to 16
of the test switch, the (1} relay is held operated and the line test
switch steps to terminal 16, The holaing circuit is traced from
ground on the armature of the (T) relay, make contact of the (RT)
relay, to battery through the inner winding of the (I) relay. With
the (I) relay operated, the test switch is hela on this terminal .
and a circuit is closea, operating the selector time alarm circuit.
When the alarm is investigated, the sequence switch must bs gd-
vanced to position 17, manually, to prevent a falss charge to the
calling station. If, however, the line is free from ground when
the second test is made, the (T} relay does not operate and the
{1) relay releases and closes & circuit from ground through its
break contact, terminal 16 and (S] brush of the test switch, to
battery through the winding and break confact of the (PT) magnet,
stepping the brushes to terminal 17. The selsctor then gteps to ‘
position 20 under control of the 149-A interrupter in order to al-
low sufficient time for the operation of the message register in
the associated line circuit.

D
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MESSAGE REGISTERED

As explained under first test of calling line, the (RC) relay
operates and locks on the first line test when the call originates at

- the station with the grounded ringer, but does not operate on line

tests when the call originates at the station whose ringer is con-
nected in series with a condenser. The operation or non-operation of
the (RC) relay determines which station register shall register the
galls If a call originates at the station whose ringer is connected

to ground in series with a condenser, the (MR-1) message register in
the line circuit operates. The registering circuit is traced from bat-
tery on the make contact of the (CH) relay through cam T break contact
of the (1) relay, break contact of the (RC) relay, through the 18~AN
resistances in multiple over lead H break contact of the (L) relay make
contact of the (CO) relay, through winding of the (MR-1] message register
to ground. i

On calls originating at the station whose ringer is permanently con-
nected to ground, the (RC) relay operates and locks and closes a cir-
cuit short-circuiting the (E) relay which relsases. This circuit is
traced from ground on (C) brusk and terminals 18 and 19 of the line
switch make contact of the (RC) relay to the winding of the (E) re-
lay short-circuiting the inductive winding of the (E) relay. The (E)
relay releaseu, (a) opens the circuit through the (SL) relay which re-
leases, (b) opens the operating circuit for the (MB} relay, but the
(MB) relay does not release on account of a circuit being closed to
ground on cam I, The release of the (SL) relay opens the circuit, re-
leasing the (CO) relay. When the (CO) relay releases, the (MR=-2)
message. register is connected to lead H and the registering circuit
for the second-party station is traced from battery on the make con-
tact of the (CH) relay, break contact of the (I} relay, make contact
of the (RC) relay, contact of the (G) relay, through the 18-AN re-
sistances in multivle, cam W, brush and commutator of the LF selsctor,
over lead H, break contact of the (L) and (CO) relays, to ground
through the winding of the (MR-~2) meszage register.

As the operation of register MR~2 is dependent on the release of
the (SL) relay, it will be noted that the sleeve of the line at the
final frame is left unguarded by the release of the (SL) relay. In
the event that the line is again seized by a final selector immedi-
ately upon the release of the (SL) relay, the (G} relay operates and
opens the register circuit, thus preventing the wrong station being
charged with the call. The (G) relay operates in a circuit from
ground through cam E, cam L, cam K, through the winding of the (G)
relay, over the S lead to battery on the S lead of the final selector
which seizea this line,
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47. RESTORING LINE FINDER TO NORMAL

As the line test switch steps to terminal 20, a circuit is closed ‘
from ground on the {C) bruah and terminal 20 of the line tast awitoh,
advancing the district switch to position 17. The A cam advances the
switch to position 18, As the switch enters position 17, a circuit
is closed operating the (DS) relay. The (DS) relay onerated, (a)
locks through its make contact and 350 ohm winding to the same bat-

tery, (b} closes a circuit through the outer winding of the (F) relay,
thus insuring the holding of this relay until both the line finder
salentor and the dietrict selector have returned to normal, (c¢) op-
srates the line finder DOWN magnet from ground on its armature, which
restores the line finder selector to normal., When the line finder
galector returns to normal, ground is disconnected from the M comw
mutator segment, releasing the (E)}, (DS), and (MB) relays.

RESTORING DISTRICT TO NORMAL

With the district switch in position 18, a circuit is closed
from ground on cam I, break contact of the (D} relay, cam D, termi-
pal 20 and (S) dbrush of the test switoh, to battery through the
winding of the (PT) magnet which operates and advances the switch
to terminal 21. With the line test switch on terminal 21, the cir-
suit is closed from ground on the (C) brusk and terminal 21 of the
test switch to battery through the DOWN magnet, restoring the dis-
trict selector to normal. When the district selector reaches the
bottom of the frame, a circult is closed from ground through the Y
commutator brush and segment, (D) brush and terminal 21, (S) brush : ‘
and terminal to battery through the (PT) magnet, stepping the brushes
to terminal 22, With the test switch on terminal 22, a circult is
closed from ground on the terminal 22 ané (S) brush to battsry
through the (PT) magnet, stepping the switch to terminal 1. With
the line test switch on terminal 1, ground through the Y commutator
orush and segment, (D) brush and terminal 1 of the line tast switch,
cam B to battery through the R magnet, advances the district switch
ssition 1. As the switch leaves position 18, the circuit through ‘
o /N magnet is opened, ani after position 18 1/4, the circull
through the outer winding of the (F) relay is opened, releasing the
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49, DELAYED DISCONEECT

Should the calling subscriber fail to replace the receiver on the
. switchhook after the called subscriber has disconnected, the release of
‘ the (CS) relay, due to the incoming trunk functioning, operates the
selector time alarm circuit from ground through cam I over the circuit
previously described, thereby notirying the switchman of the existing
condition.

50. DISCONKECTION - TALKING TO OPERaIOR

With the plug of the answering cord in the trunk jack at the incom=
ing end, ground is connected to the sleeve terminal of the trunk to
hold the district (L) relay operated., If the plug of the cord is re-
moved from the trunk Jack before the receiver at the calling station is
replaced on thp switchhook, the line relay in the trunk circuit operates,
thereby holaing the Eround on the sleeve terminal of the trumk. When
the receiver at the calling station is replaced on the switchhook and
the plug of the answering cord is removed from the trunk jack at the
incoming end, ground is disconnected from the sleeve of the trunk, re-
leasing the (L) relay, thus advancing the switch to position 15. As
the switch advances from position 14 1/4, the locking circuit through
the inner winding of the (D) relay is opened at cam J, releasing the
relay. The (D) relay released, releases the (SL) relay and then ad-
vances the switch to position 16 in a circuit traced from battery
through the R magnet, cam D, bresk contact of the (D) relay, to ground
through cam I. With the test switch in position 20, a circult is closed
on the (C) brush and terminal 20, break coatact of the (L) relay, cam B
: to battery through ths R magnet advancing the switch to position 17, the
A cam aavancing to position 18, In position 16, the (CH) relay being
. normal, battery is not connected over lead H to operate the message
register in the line circuit, as the call 1s not chargeable. From this
point on, the line finder ana district selectors are stored to normal
a8 described in previous paragraphs.

51 DISCORNECTION BEFORE THE LINE FINDER SEL:CTOR FINDS LINE

Shoula the calling subscriber replace the receiver on the switchhook
‘ before a hunting selector finds the line, the (L) relay in the line cir-
cuit releases, removing battery vrom the H terminal at the multiple bank.
The selector therefore, travels to the top of the bank and the H brush
of the selector makes contact with the terminal of the H comb at the top
of the multiple bank. The (E) relay operates from ground on the break
contact and armature of the (DS) relay, winding of the (H) relay cam W,
H brush of the selector to battery. The (H) relay operated, releases
the (LF) relay, which in turn releases the (¥} reiay and opens the cir-
cuit through the UP magnet, stopping the selector. The N commutator
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position 9 3/4 the (PT) magnet operates and as it advances from position
10 1/2. the (PT) magnet releases, stepping the line test switch to ter-
minal 10, When the district switch advances to position 10, a circuit

is closed from ground on cam I, break contact of the (D) relay, cam D

to battery through the R magnet, advancing the switch to position 16,

As district switch passes through position 13, the (PT) magnet operates,
and when the district switch advances from 13 1/2, the (PT) magnet re-
leases, stepping the line switch to terminal 11. In position 14 3/4 the
(PT) magnet again operates and releases when the district switch advances
from position 15 1/4, The release of the (PT) magnet advances the test
switch to terminal 12, Ground through the 149-A interrupter is con-
nected through the (PT) magnet, advancing the test switch to terminal 16.
On terminal 16, ground on the break contact of the (1) relay advances

the test switch to termimal 17. The switch advances to terminal 20,
under control of the 149-A interrupter, and closes a circuit from ground
through the (C) brush and terminal 20, advancing the district switch to
position 17, the A cam advancing it to position 18, Ground on cam I,
break contact of the (D) relay, cam D, (S) brush and terminal 20 of the
teat selector advances the switch to terminal 21, The Y segment advances
the switch to terminal 22. On terminal 22 grouand through the (S) brush
steps the test switch to terminal 1, where a circuit is closed from
ground the Y commutator, (D) brush and terminal 1, aavancing the district
switch to position 1,

When the line finder selector returans to normal, ground is discon-
nected from the M commutator, thus releasing the (E), (DS) and (MB) re-
lays. The (DS) relay released, releases the (F¥) relay and the (E) relay
released, releases the (SL) relay. The (SL) relay released opemns the
circuit releasing the (CO) relay, thus restoring the circuit to normal.

POSITION 7 70 10

If the receiver at the calling station is replaced on the switchhook
while the district switch is in position 7 to 10, the switch advances
until selection beyond is completed, when ground is disconnected from
the (SC) lead in position 10, and connected to the FT lead, operating
the (L) relay. The (L) relay oOperated, advances the switch to position
1lle With the switch in position 11, the (D) relay releases, closing a
circuit from ground on cam I, break contact of the (D} relay, cam D, to
battery through the R magnet, advancing the switch to position 16, As
the switch advances from position 16, the line test switch steps to
terminal 21, and in position 16, the (L) relay releases, advancing the
switch to position 17, the A cam advancing it to position 18.
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TELL-TALE - LINE FINDER SELECTOR

57. BRUSHES NOT TRiIPPED

Should the selector travel to the tell-tale position while hunt-
ing, due to the multiple brusk not being tripped, the (F) relay re~- ,
mains operated through its outer winding. Ground on the X commutator
brush and segment is thereby connected to the lead "To Tell-Tale Cir- ‘
cult"”, giving a visual signal to the attendant. As the N commutgtor
segment ls open at tell-tale, the district is prevented from advanc-
ing from normal position. The selector in this case 1s restored
to normal manually by the attendant,

WITH BRUSHES TRIPPED

o
@

Should the selector travel to the tell-tale vosition while hunt-
ing, with the multiple brush tripped, a circuit is closed from bat-
tery in the trip circuit, terminal of the H comb at the top of the LB
maltiple bank shown on trip circuit, H multiple brush of the line
finder selector, contacts of cam W, winding of the (H) relay, to
ground on the armature of the {DS) relay, operating the (H) relay.
The (H) relay operated, releases the (LF) relay which ir turn re-
leases the (F) relay and UP magnet. The (F) relasy releases, opens
the circuit through the tell-tale alarm and connects ground through
the X comnutator brush and segment to battery through the 1000 ohm
winding of the (DS) relay, which operates, in turn operating the
DOWN magnet, restoring the selector to normal.

59, TELL-TALE DISTRICT SELECTOR

Should the selsctor travel to the tell-tale position during ,
brush selection, ground on the X commutstor and segment is con-
nected through cam B, to battery through the R magnet, aavancing .
the switch to position 8, Under this condition, the resistance of
the circuit over the SC lead is too high to allow the (CH) relay
to operate and the district remains in position 8 until it is
restored to normal manually. If the district goses to tell-tale
during group selection, ground on the X commutator advances it to
position 8. In position 8, ground on the SC lead holas the (CH) re-
lay operated, which in turn operates the (L) relay. The (L) relay
operated, advances the switch to position 9. The (CH) and (L) re- '
lays remain operated and the district remains in position ¢ until
it is restored to normal manually.
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OVERFLOW

If all the trunks in the group are busy, the district selector, while
trunk hunting in position 7, travels to the top of the group ana rests on
the overflow terminals. As the sleeve terminal at overflow is open, the
(L) relay released, in turn advancing the switch to position 8. .In posi-
tion 8, the (L) relay reoperates from ground on the armature of the (CH)
relay, advancing the switch to position 9 where ground on the Z com-
mutator advances it to position 10, In position 10, a circult is closed
from ground on the Z commutator brush and segment, through cams X, snd L,
to battery through the 1200 ohm winding of the (L) relay, operating the
(L) relay. The (L) relay operated, locks through its 1200 ohm winding
and make contact to the same ground, through cam L, advancing the switch
to position 14 from ground on cam M, As the switch advances from posi-
tion 13, the (L) relay releases, and in‘position 14 advances the switch
to position 15, The release of the (L) relay also releases the (CI) and
{CI-1] relays, disconnecting the sender from the district circuit. With
the switch in position 15, 2 circuit is closed from the "Miscellaneous
Tone Circuit" over lead C, 2 mf condenser, cam G, winding of the repeat-
ing coil, 2 mf condenser, cams Y, V and J, make contact of the (D) relay,

. to ground on cam I. A tone is therefore induced in the other winding of

the repeating coil, thus causing the "All trunks Busy" tone to be sent
back to the calling subscriber. When the receiver at the calling station
is replaced on the switchhook, the (DC) relay releases, opening the lock-~
ing“gircuit through the (D) relay, which releases. From this point on,
the switch is advanced to position 1 as described in paragraph 34.

"Q" COMMUTATOR

The function of the "Q" commutator segment ie to maintain an idle
condition on the multiple overflow terminals, so that more than one
selector may stop on overflow at ome time; otherwise, the first selector
reaching overflow would mske the sleeve multiple terminals busy, thus
causing succeeding selectors to comtirnue upward into the next group of
trunks. The "(Q" commutator segment is open at overflow, but the S bar
is continuous. Both the "Q" and "S" commutator brushes are permanently
strapped together and wired to the multiple sleeve brush. When the selec-
tor is at overflow, the "Q" commutator brush is resting on an open (dead)
segment, and as the busy ground- is fed through the "0" commutator bar only,
this arrangement maintains a non-busy condition of the sleeve terminals.
When necessary to combine two or more groups of trunks, the multiple
sleeve overflow terminals between the combined groups are made permanently
busy by being connected to ground. As the "§" commutator bar is closed at
overflow, the (L) relay is held operated at this time, and the selector
therefore hunts past the "made busy" terminals into the next group.
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62, LINE FINDER TIME ALARM

If a line finder does not find the subscriber's line within 35 seconds
after the receiver at the calling station is removed from the switchhook,
an alarm is given in the following manner; When the receiver at the call-
ing station is removed from the switchhook, various relays in the line and
trip circuits operate and connect battery to leaa B, winding of the B
(frame) relay brush and terminal 1 of the START arc of the time alarm ‘
selector, break contact of the 4 frame relay, to the interrupter contacts
When the interrupter contact closes, the B relay operates. The A (frame)
relay does not operate, however, on account of its winding being short cir-
cuited by ground on the interrupter. When the interrupter contact opens,
the short circuit is removed from the winding of the A relay, which now
operates in series with the winding and made contact of the B relay, to
ground on the armature of its B relay, thus holding both relays operated.
The next operation of the interrupter operates the STP magnet, over a cir-
cuit from ground on the maks contact of the interrupter, make contact of
the A relay, terminal 1 and brush of the STP magnet. When the interrupter
contact opens the STP magnet releases and steps its brushes one step on
its back stroke. The selector brushes advance one step for each make and
break of the interrupter contact, which is of an interval of 7 seconds,
until the fifth terminal of the selector is reached when the &ircuit
through the interrupter is opened, When the fifth terminal of the selec-
tor is reached, the BA-1l lamp in the trip circuit lights from battery on
the armature of the A (frame) relay, terminal 5 and brush of the LAMP arc
of the selector, lead A, through the make contact of the BA relay, BA-1l
lamp, lead C, to ground through the winding of the B (aisle) relay in the
time alarm circuit, which operates. - The B relay operated, operates the A
(aisle) relay. The A relay operates, lights the aisle pilot and main or
monitoring board lamps through their respective auxiliary alarm circuits.
When the source of trouble is removed and the BA relay, in the trip cir-
cuit has released, the circuits over leads A and B are opened, in turn
releasing both the frame and aisle A and B relays, extinguishing the .s
aisle and main or monitoring board lamps and silencing the alarm. The
release of the B (frame) relay also closes a circuit from grouad on its
armsture, through terminal 5 and the bridging brush of the RETURN arc of
the selector to battery through the break contact and winding of the STP
magnet, which operates and steps the selector brushes to terminal 6, in
which position it awaits the next closure of lead B.

63 RESTORING TO NORMAL

Should the circuit over lead B be opened before the fifth terminal is
reached by the selector, the A and B frame relays release. Tne B relay
released, causes the selector to advance to the next normal position,
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65.

awaiting closure of lead B, as previously described. The operation

of the (NL) key steps the selector brushes to the next normal posi-

tion by way of the STEP bridging brush and 5, 10, 15 or 20 terminal,
ag the case may be. If the selector has been at normal position 6,

11, or 16, when the BA relay operated, the operation woula have been
the same as described for position 1. >

WIRING OF GROUP DISTRIBUTOR BANK

The wiring of the group distributor arc of the regular "G" dis-
tributing selector bank, shown on the regular starting circuit, and
of the emergency G distributor selector bank, is shown in detail in
the éircuit asscciated with the series circuit through the emergency
Jjack and the contacts of the (TR) and (TR-1) relays for the 15 groups
of a panel line finder frame. For a complete frame of 300 lines, the
wiring of the terminals for both arcs of each (G) distributor selec-
tor is shown,. As a trip circuit is divided into two units, (4) and
(B) calls originating in the first 10 lines of a group of 20 lines
are connected through trip unit (A) and a terminal and brush of the
{@) arc normally having access to the line finders in sub-group (4).
Calls originating in the last 10 lines of a group are connected
through trip unit (B) and a corresponding terminal and brush of the
other arc normally having access to the line finders in sub-group
(B)e This arrangement permits the distributing of the 15 trip cir-
cuit (A) and (B) units to sub-groups (A) and (B), respectively, in
the starting circuit, so as to give each group an equal preferencs,
thus preventing any one group from having a permanent preference
over the other groups. This is accomplished by the (G) selector be-
ing advanced one step to the next group after each call. The series
circuit through the coantacte of the (TR) and (TR-1l) relays permits
the passing of a call through a number of idle groups with the same
speed as though the call originated on a line within the group having
the preference at that time. Should two or more callis start in two
or more groups at the same time, the group nearest the one having
the preference at that time will be completed first, because of the
series locking arrangemert of the (TR} or (TR-1) relay holding the
relay of this group locked and releasing the other relays.

LOCKING CIRCUIT THROUGH (TR) RELAYS -

The (TR) relay in any group locks from ground through its'600
ohm winding and make contact, Jack 10, terminal and brush of the
associated arc of the (G) selector, to battery in the starting cir-
cuit through jack 15s The (TR~1l) relay locks through ite 600 ohm
winding and make contact, jack 12, corresponding terminal and brush
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of the associated (G) arc, to the starting circuit through jack 1l6. Jacks L
10 and 12 of each group circuit are wired to the selector arc terminals

and jacks 9 and 1l loop to the next group circuit, so that though the

s8elector may be giving preference to one group, this group being idle,

and a call originates in some other group, & circuit is claosed back

through the intervening Jaeks sand break contacts of the intervening re-

lays of each group until the terminal which the distributor brush is '
resting on is reached. Assume a call.originates in group 15, and is

pascsing through trip unit (A) and the brushes of the (G} distributor

selector arc are resting on the first group terminal 1, which is termi-

nal 1, The locking circuit for the (TR) relay will be as follows:

Through the 600 ohm winding and make contact of the (TR) relay and jack

10 of group 15, jack 11, break contacts of the (TR-1) and (TR} relays,

and jack 10 of group 14 (not shown), through all other groups in the

same manner to jack 10 of group 1, terminal 1 and brush of the selector,

to jack 15 of the starting circuit. It will be seen that if two calls

start at the same time in two different groups causing the (TR) relays .
in the two groups to operate together, the call originating in the group J
nearest the one having the preference of the starting circuits will be o
completed first., For example, if a call started in group 10, trip umnit i
(A), and an other in group 15, trip unit (4), the operation of the (TR)

relsy in the former group would release the (TR) relay in the latter

circuit, but remain locked itself., The magnet of the (G) selector is

operated by ground in the start circuit and the brushes advance one

step on the release of the selector armature when the start circuit

releases after sach call.

o T
o
-

ENG: BoF.M, CHK*'D: J.I. APP'D. H.L.Moynes .
July 8, 1925 ~ EsReCs

E.T.
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