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January 11, 1938

This Appendix was prepared from Issue 24 of Drawing ES-226886,

- METHOD OF OPERATION
Penel System - Inter-0ffice Incoming — From Key Indicator System -
From Full Mechanical - With 900 Ohm - 1300 Ohm Fundamentals or Full

leohanieal Tandem o

e
e

In Item 2,1 of paragraph 2 change "the maximum external loop fo_r’
supervision to the ealled subscriber” from 900 ohms to 1500 ohms,
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This Method of Operation was Prepared from Issue 23 of Drawing ES-226886.
' 3 METHOD OF OPERATION
Panel System - Inter-0ffice Incoming - From Key Indicator System - From Full

Mechenical - With 900 Olm - 1300 Ohm Fundementals = Or Full Mechaniecal
Tandem.

DEVE’LOMNI'
1. PURPOSE OF CIRCUIT

1.1 This cireuit is used to establish a connection from a manual
office to a machine switching office, or from a machine switching
office or sender tandem center to another machine switching offices

2. WORKING LIMITS

8.1 This circuit has an external pulsing loop resistance of 1488
ohms maximym. .The maximum external loop for trunk supervision is
1200 ohms. The maximum external loop for supervision to the called
subsoriber is 900 ohms, Minimum trunk leak 30000 ohms minimmm sub-
scriber's line feak 10000 ohms.

OPERATION

Se PRINCIPAL MCTIONS

The functions of this circuit are as rollovl'

Sel Selection of proper idle final selector.
3.2 Signelling the called subseriber. '
33 . Establishing the talking connection.

3.4 Returning to normal.

4. CONNETING CIKJUITS

»

4.1 When used in conjunction Iith a manual office this circuit
functions with key indicator circuits and final selectors. When
used in conjunction with machine switching office, this circuit
functions with district or office and final selectors,:
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DESCRIPTION OF OPERATION

5. TRUNK SELECTED

When this trunk is seized by a trunk selector in the manual office, or
by a distriet or office selector in the machine switching office, or sender
tandem center, the (1) relay operates, due to the closure of the fundamenw
tal circuit, as follows: Battery through inner winding of the (L) relay,
lower outer contact of cam T, upper inner contact of cam S, (T) compensat-
ing resistance, over tip of line through the associated sender circuit,
back over ring of the line, (R) ecompensating resistance, top inner and
bottom outer contacts of cam R to ground. The (L) relay operated also
locks up through its inner winiing. The (L) relay operated ceuses the
switch to advance to position #8.

6. BRUSH SELECTION

With the sequence switch in position 2, the UP magnet operates. The
UP magnet is held operated under control of the (L) relay, and cmises the
selector brush rod to move upward, cerrying the commutator brush over the
A commutator segments. Ground is connected to each segment of the commu-
tator, as the brush wipes over it, thus sending pulses over the fundamen-
tal eircuit. The (L) relay is held operated and the (STP) reley in the
sender circuit is successively short-circuited, causing it to release and
reoperate, until a sufficient number of pulses to satisfy the count ing re-
lays in the sender circuit for incoming brush selection have been sent.
The fundamental circuit is then opensd in the sender circuit, releasing
the (L) relay. The (L) relay reloased causes the switeh to advance to
position 3, With the sequence switch in position 3, the TM magnet is en-
ergized, rotating the trip rod in position to trip the proper mmltiple
brush with the next upward movement of the brash rods The (L) relay oper—
ates through the fundamental circuit as deseribed in paragraph 5, advane~
ing the switch to position 4.

7. GROUP SELECTION

The (L) relay is held operated and the UP magnet is energized in the
same manner as deseribed in paragraph 6. The selector brush rod again
moves upward and the rotated trip finger of the trip rod engages with the
trip finger of the multiple brush, tripping the brush, which allows its
contacts to mske with the bank temminals. As the selector moves upward,
carrying the commutator brush over the B commtator segments, ground is
intermittently connected to the tip side of the fundemental circuit, hold-
ing the (L) relay operated through the lower outer contact of csm S, and
the lower inner contact of ecam T, but successively short-circuiting the
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sender STP relay, which releases and reoperates, "running down" the
sender, counting relays. Wwhem sufficient pulses have been sent back to
satisfy the sender, for incoming group selection, the fundamental circuit
is opened in the sender circuit, releasing the (L) relay, which advances
the sequence switch to position 5. With the sequence switeh in position
5, the (L) relay operates, advancing the sequence switch to position 6.
The selector group register operates for PEG count purposes when the se~
quence switch reaches position 5 1/2, during its advance.

8. TRUNK HUNT ING

If the tripped brush has made contact with an idle trumnk, the (L) re=-
lay releases as the switch advances to position 6, and ground through the
upper outer and lower outer contacts of cam K is connected to the sleeve
of the trunk making the trunk test busy. If the tripped sleeve brush has
made contact with the sleeve temminal of a busy trunk the (L) relay is
held operated as the switch advances to position 6. The (L) relay oper-
ated with the seguence switch in position 6, energizes the UP magnet., The
UP megnet energized, ceanses the seleetor brush rod to travel upward,
wiping the springs of the tripped brush over the bank temminals of the
group. When an idle trunk is found -@s indicated, by no ground connected
to the S terminal of the trunk mmltiple, the holding circuit through the
inner winding of the (L) relay is opened. The (L) relay, however, will
not release immediately, since a cirecuit is closed from battery, through
the outer winding, lower outer and upper inner contacts of cam Q, C
commutator segments and brush to ground.

8.1 "C* Commtator Note

The adjustment of the C commtator brush with relation to the
tripped brush, is such that it does not break contact with the C
-eommutator segment until slightly after the holding cirecuit through
the inner wind ing of the (L) relay is opened by the sleeve brush,
leaving the busy terminal and meking contact with the S teminal of
an idle trunk. The UP magnet therefore, remains operated, and the
selector rod travels upward, until the brushes are carried slightly
above the center of the selected trunk terminals, allowing the
locking pawl to enter a notch on the rack attached to the brush rod.
At this time the holding cirecuit through the outer winding of the
(L) relay is opened, at the C commutator, releasing the (1) relay.
The (L) relay released, (a) disconneets ground fram the commmtator
feed bar "G", (b) deenergizes the UP magnet, dropping the selector
rod into place, centering the brush on the bank terminals, (¢)
immediately connects a temporary busy ground to the S terminal of
the selected trunk, thus holding it busy to other hunting selectors
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until the switch advances to position 6 3/4. This eircuit is from
ground, both outer contacts of cam K, break contact of the (L) relay,
upper contacts of cam I to the S teminal of the trunk, (a) advances
the switch to position 7, from battery, winding of the R magnet,
lower outer contaect of cam B, breesk contact of the (L) relay, to
ground. When the switch reaches position 6 3/4, during its advance,
a permanent busy ground is connected te the S terminal of the se-
lected trunk, through the lower outer and upper inner contacts of
cam I to the S temminal. During trunk hunting in position 6 only,
commutator feed ground is supplied through one of the make conw
tacts of, and under control of the (L) relay, through the upper
outer and lower inner contacts of cam E, which prevents the reoper-
ation of the (L) relay by the closing of a eircuit between the C
commtator brush and segment on an overflow of the selector, or as
it drops into place.

8.2 The (L) relay operates with the switch in position 7, from bat-
tery through its inner winding lower contacts of cam T, outer con-
tacts of cam I, to ground, and is lheld operated by battery through
its inner winding, contacts of cam H, mske contact of the (L) re-
lay, inner contacts of cam G, over the ring side of trunk to ground
in the final circuit. The (L) relay operated, advences the switch

~ to position 8, : v ;

9+ SELECTION BEYOND

When the switch reaches position 8, a e¢ircuit is closed through the
final line relay, through the associated sender. The final circuit then
satisfies the sender for final brusk, final tens and final units selec-
tions, and then advances, opening the holding ecircuit through the inner
winding of (L) relay, which releases. The release of the (L) relay ad-
vances the switch to position 9.

10, _INCOMING ADVANCE

With the switch in position 9, the (L) relay awaits the closure of
the fundasmental circuit in the sender. When this is made the (L) relay
operates. The (L) relay operated advences the switch to position 1ll.
When position 9 3/4, is reached, during the advance of the switch, the
outer and inner windings of the (L) relasy are connected in parallel,
increasing the current flow through the sender to insure the operation
of the sender polarized reley over a long loop. For this purpose, posi-
tion 10 is passed by to give increased time for this polarized relay to
operate. 4s the switch advances out of position 10, the (L) relay re-
leasese '

¢
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11, TRUNK CLOSURE

11.1 Incoming from Key Indicator ("L" Wiring)

With the seguence switch in position 11, the incoming awaits
trunk closure. The circuit is closed from an "A" operator's cord
in the distant office, operating the (A) relay (B36l) which in
turn operates the (D) relay. The (D) relay operated, locks under
control of cam V, during the time the sequence switch is in posi-
tion 11, and also casuses the (L) reley to operate. The (L) rolqy
operated, advances the sequence switch to position 12,

1l.2 Incoming from Machine Switching Office with 900-1300 Ohm Fundamen-
tal I"H" Iiriii

T With the sequence switch in position 11, the incoming awaits
‘trunk closure in the district circuit in the distant office. When
the closure is made, the (A) relay, (B392 or B4l5) operates. The
(A) relay operated, operates the (L) relay. The (L) relay oper-
ated, locks up to ground through the outer contacts of cam I. The
(L) relay operated advances the switch to position 12,

11.3 Used Directly or Indirectly on Sender Tandem Center ( » lirins_)_

The (4A) relay operates in position 11, as described in para-
graph 11.2. The (A) relay operated operates the (D) relay. The
(D) relay operated locks up eand operates the (L) relay. The (L)
relay is held operated, advancing the. switch to position 12,

1l.4 4s the switch moves out of position 11, during its advance the
holding cireuit for the (A) relay at cam P is transferred from the
lower outer to the lower inner contacts of cam P. In case the
fundemental circuit is momentarily opened while the spparatus at
the sender tendem center is advancing from its selection beyond
position, or in case the (A) relay “CHATTERS™ on a long loop, the a2
(A) relay which is slow in releasing, holds the (D) relay operated.
In case the opening of the fundamental circuit is prolonged, and
the (A) relay releases, the (D) relay, which is slow in releasing,
maintains the circuit through its make contact, operating the (A)
relay, as soon as the fundamental eircuit closes.

12, RINGING

12,1 Groups O and 2

When the sequence switch advanced .to position 12, with the ‘se-
lector brush in either group O or 2, or any one of the groups, not
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associated with the P commtator the (L) relay releases. The (L)
relay released, operates the (PU) relay. The (PU) relay operated
is held operated from battery through its wind ing thru the make
contact of the (PU) relay, lower contacts of cam J, break contact
of the (R) relay, meke contact of the (D) relay, (L and M wiring)
or, make contact of the (4) relay, (Bl44) (F and N wiring) to
ground. The operation of the (PU) relay causes the sequence switch
to advance to position 13. With the awitch in position 13, ringing
current for the "one bell" code is conneeted to the line, over the
(R=1) ringing lead, to the called subscribers®' loop and subset to
grounds The (R) relay is marginal and does not operate until the
receiver is removed from the switchhook.

122 Groups 1 and 3

When the sequence switch is advanced to position 12, with the
selector brush in either group, 1 or 3, the (L) relay is held oper-
ateds With the sequence switch in position 12, and the sclector
brush in the 1 and 3 groups, the (PU) relay awaits ground through a
pick-up interrupter. This interrupter is definitely timed to cone
nect ground to the winding of the (PU) relay immediately, before
the closure of the first ringing interval of the "two bell®™ code,
over the (R-2) lead. This prevents the false ringing of a sub-

- seribers® station, where the ringing signal is "one bell™ at one
second intervals. The (PU) relay now operates through the pick-up
interrupter to ground. The (PU) relasy is now held operated under
control of the J, M, and N cams and the sequence switch advances
to position 13. With the sequence switch in position 13, the (L)
relay is still held operated, continuing the advance of the se-
quence switech to position 1l4. As the switeh passes out of position
13, the (L) relay is held operated from battery, inner winding,
lower contacts of cam H, meke contact of the (L) relay and both
outer contacts of cam I to ground, As the switch advances out of
position 13 1/2, the (L) relay is held operated from battery,
inner winding, contacte of cam H, mske contact of the (L) relay,
upper contacts of cam I, meke contacts of the (PU) relay, upper
outer contact of cam K to ground. ' With the switch in position 14,

. the (PU) relay is held operated under control of the (R) relay and
ringing current for the "two bell®” code is connected to the line
over the (R-2) ring lead.

13. AUDIBLE RINGING TONE e *

Ringing current passes through the 02 mf condemser, both outer con-
tacts of cam C, winding of the (S) relay, 7-8 winding of the repeating
coil to battery producing an audible ringing tone which is transmitted
back to the ealling subscriber.
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14, CALLED SUBSCRIBER ANSWERS

With the sequence switch in position 13, the removal of the receiver
from the switchhook will shunt the ringing, and 48 volt battery circuit
through the transmitter, thereby inereasing the current flow through the
(R) relay, operating it. The (R) relay operated, releases the (PU) re-
lay by opeming circuit at the break contact of the (R) relay. The (FU)
relay released, with the switch in position 13, operates the (L) relay.
The (L) relay operated, advances the switch to position 14. As the
switch advances out of position 13, the (L) relay releases. When posi-
tion 14 is reached the switch continues its advance to position 15, The
(PU) relay releases with the switeh in position 14, operates the (S) re-
lay. The (S) relay operates from battery through the winding of the re-
lay, outer contacts of cam C, break contact of the (PU) relay, lower con-
tacts of cam (G), ring side of the line, the called subscriber's loop and

% subset, tip of the line, lower contacts of cam F to generator ground. The
(S) relay operated perfomms no useful function at this time. When posi--
tion 14 1/2 is reached, the lower outer contact of cam F is opened, and
the cireuit is transferred through the upper outer contacts of cam ¥,
through the 3-4 winding of the repeating coil to groaund. The (L) relay
operates from battery through its inner winding, upper inner end lower *
outer contacts of cam E to ground. The (L) relay operated, advances the *
switch to position 16,

15, SUPERVISION WHEN TRUNK IS USED AS INCOMING FROM KEY INDICATOR (“L" WIRING)

As the sequence switch advances out of position 15, (4) the (S) relay
is held operated by the talking circuit to the subscriber's set. The (S)
relay operated, shunts the 12000 ohm wind ing of the (A) relay (B36l).
This increases the flow of current through the supervisory relay in the
distant operator's cord circuit, operating it and extinguishing the super-
visory lamp. The (A) relay remains operated from battery and ground in
the distent operator's cord eirenit.

16 OVERFIOW SIGNAL

When the sequence switch advances to position 17, dae to all trunks
in the final being busy, a circuit is closed from the overflow interrupter,
flashing the (S) relay. Flashing of the (S) relay ceuses the corresponding
intermittent removal of the shunt around the 12000 ohm winding of the (A4)
relay, thereby decreasing and inereasing the current flow, through the
supervisory relay in the distant "A" operator's cord circuit, resulting in
the flashing of the calling supervisory lap, as a signal to the operator
that all trunks are busy.
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17, JON WHEN THIS CIRCUIT IS USED AS AN INCOMING FROM A MACHINE

SWI%ING orﬁ_cx OR SENDER TANTEM CENTER {"M" AND "N" WIRING)

As the sequence switch advances out of position 15, (a) the (S) relay
is held operated over the talking circuit, through the subseriberts set,
{b) the (A) relay (B392 or B4l5) is held operated., With the (S) and (A)
relays operated, and the sequence switch in position 16, the (PU) relay
operates., The (PU) relay operated, transfers the circuit of the (A) re-
lay, thus reversing the battery and ground over tip snd ring of the trunk,

causing the operation of the polarized relay in the distriet ecireuit,
whiovh in turn causes the operation of the charge relay in that circuit.

18 DISCONNECTION

13,1 ;ncuiggt from Koz_lndicator

When this eircuit is used as an incoming circuit from a key in-
dieator, and the receiver at the called station is replaced on the
switchhook, the (S) relay releases. The (S) relay released, removed
the shunt from the 12000 ohm winding of the (A) relay, causing a de-
grease in the current flow to the ealling supervisory relsy in the
distant operator's cord eircuit, causing it to release and a conse-
quent relighting of the associated calling supervisory lamp as a
disconnect signal to the operator, When the calling plug of the (A)
operator's cord circuit 4is removed from the outgoing multiple jack
at the distant office, the (A) relay releases. The (A) relay re-
leased, releases the (D) relay, in turn releasing the (L) relay.
The (L) reley released, advances the switch to position 18, With
the sequence switch in position 18, the D magnet energizes. The D
magnet energized disengages the locking pawl from the selector rod
rack, and causes the selector rod to be lowered to normal, resetting
the trip brush. With the selector rod normal, the sequence switch
advances to position 1.

18,2 Incoming from Machine Switching

When this circuit is used as an incoming from a machine switch-
ing office, or sender tandem center, the replacement of the receiver
on the awitchhook at the called station, releases the (S) relay.
(The (8) relay released, releases the (PU) relay. No further
functioning of the incoming circuit takes place until it is released
by the advance of the associated circuit as a result of the replace-
ment of the receiver on the switchhook at the calling station. When
this cirecuit is released by the associated distriet circuit the (A)
relay releases. The (A) relay released, releases the (D) relay. The
(D) relay released, releases the (L) relay, returning the circuit to
normmal,
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19. OVERFLOW i .
19,1 Incoming from Key Indicator

- Should all final trunks in a group be busy at the time of trunk ,
_hunting, with sequence switch in position 6, as describved in para~ °
graph 8, the (L) relay will be held operated by ground from the ;
busy sleeve terminals, thus causing the selector rod to continue ',
upward until the multiple brush mekes cantact, with the overflow
terminal at the top of the group. A4s the sleeve of the overflow
teminal is open, the (L) relay releases, advancing the sequence
switch in position 7 as described in paragraph 8. The (L) relay
operates with the sequence switch in position 7 and advances the
sequence switch to position 8 as deseribed in paragrsph 8. As the
sequence switch advances out of position 7, the (L) relay releases,
since the ring side of the circuit is open. The (L) relay released,
advances the switch to position 9. 1In position 9, reversed battery
and ground are connected to the tip and ring of the trunk, to ad-
vance the sender to the overflow position, through the inner wind-

» ing of the (L) relay, which operates. The (L) relay operated, ad-
vances the switch to position 1ll. In position 11, the (A) relay
operates over the fundamental eircuit, in turn operating the (D)
relay which loeks through its make contact to ground through the
lower contact of cem Vo The (D) relay operated, closes a circuit,
through the inner winding of the (L) relay, whieh operates, in
turn advancing the switch to position 12, In position 12, ground
through the Z commutator brush and segment, advances the switch to
position 17, In position 17, a cireuit is closed, through the (8)
relay, operating and releasing the (38) relay through the mske and
break of the interrupter contacts. The operation and release of
the (8) relay, short-circuits the 12,000 ohm winding of the (A) re-
lay, causing the supervisory lamp inm the cord circdit to flash as a

" busy signal. When the plug of the cerd is removed from the trunk
Jack at the distant end, the (A) relay releases, in turn releasing
the (D) relay. The (D) relay released, releases the (L) relay, ad-

_vancing the switch to position 18. In position 18, the D magnet is
operated, returning the selector to normel. When the selector
reaches normal, groand through the Y commtator brush and segment,

“returning the switch to position 1 or normal.

19.2 mmm Machine S‘witchi_ng

When the circuit is used as an incoming selector fram a full
mechanical office and goes to overflow, the switch advances to
position 9 and reversed battery and ground are sent back ovep the
trunk, advancing the associated sender and distriet circuits to

%
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the overflow position, and operating the (L) relay which advances
the switch to position ll., As the district circuit advances to its
overflow position trunk closure is momentarily made, (operating the
(A) relay, as described in paragraph 11.8), operating the (L) relay
and advancing the switch to position 12 as described in paragraph
11.3. The (A) relay releases when the district reaches its over-
flow. As the switch advances out of position 11, the (L) relay re- .
leases, since the circuit through the P commutator is open. The
(PU) relay operates with the switch in position 12 as deseribed in
paragraph 12 and is held operated, advanc ing the switech to position
13 as described in paragraph 12, The (PU) relay releases, when the
switch advances from position 12, With the switch in positionm 13,
no ringing current is connected to the ring, since the (PU) relay
is nomal. The (L) relay operates with the switch in position 13,
The (L) relay operated, advances the switch to position 14. The
(L) relay operates in position 15, advancing the awitch to position
16. As the switch advances out of position 15, the (L) relay re-
leases, continuing the advance of the switch out of position 16,

In position 17 ground through the amature advances the switch to
position 18, where it is restored to nomal, as described in para-
graph 1602.

20, TELL TALE

During selections in position 2, 4 or 6, there are possibilities of
the UP magnet failing to release. The brush rod then cont inues upwards
until the X brush makes contact with the X commutator segment at the top
of the bank. Such a condition could be caused by a grounded commtator,
failure of the (L) relay to release, or failure of the fundamen tal to
open in the sender, spring adjustment etc. When the X commutator brush
makes contact with the X commutator segment, with the switech in position
2, 4, or 6 and the (L) relay fails to release, the switch advances to
position 3, 5 or 7, releasing the (L) relay. During tne time the selec-
tor rod is moving upward, in position 2 or 4 the A or B cammtator sends

. pulses back to the sender, "running down™ the sende> counting relays,

for incoming selections and possibly for final selections. If the (L) re=
lay does not release when the switch advances out of position 2, 4 or 6,
the switch continues its advance to position 13, under control of ground,
through the make contact of the (L) relay, and also through the X commme
tator, through the outer contacts of cam Be As the switch passes through
position 9, battery is connected through the fundamental ring, as de-
scribed in paragraph 10, operating the sender overflow relay as described
in paragraph 19.2. If the (L) relay releases when the switch advances
out of position 2, or 4, it reoperates over the fundsmental cireuit,
closed through the sender in one of its incoming or final selection posi-
tions, advancing the switch to position 4, or 6, the X commtator
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continuing its advance to position 5 or 7. In pos:ltion 5, the (L) relay
reoperates over the fundamental circuit, advnnsing the nwitch to posi-
tion 6, the X commtator contimiing its advance to position 7. With the
awiteh in position 7, the (L) relay operates as described in paragraph
6, advancing the sequence switch to position 8, the X commtator contine
uing its advance to position 9. In position 9, the (L) relay reoperates
over the fundemental circuit, as desoribed in paragraph 10, advancing
the switch to position 11, operating the overflow relay, as described in
paragraph 19.2. With the switch in position 11, the (A) relay finds a
closure through the distriet, operating the relay, end advancing the
switch to position 12, in turn operating the (PU) relay, advancing the
ewiteh to position 13. The (PU) reley releases in position 13, and the
(L) relay reoperates and advances the switch to position 14, whore the
(L) relay rcleases, causing the switch to advance to position 15 In
position 1§, the (L) rglay reoperates, advancing the switch to position
16, releasing the (L) relay, the X commtator continuing its advance to
position 18, where the circuit is restored to normal by the Y commutator.

2l SELECTOR GROUP REGISTER

When the sequence switch advances thr position 17 1/2 ground is con-
nected to the lead to the Selector Group Register thereby operating the
register.

22. GROUP BUSY REGISTER

When the sequence switch is in position 1 ground is connected to the
lead to the Group Busy Register to indicate that the circuit is idle.
As soon as the switeh advances from position 1 this ground is removed
thereby indicating that the circuit is dusy. °

ENG» CHK'D. E.L.F. APP*D, A. PENROD
E.L.F. SOCOE.
1-4-32 ;

B.A.s.
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