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Weste~n Electric Co. Incorporated. 
Equ5.pment Engineering Branch, Hawthorne. 

(7 Pages., Page =/1=1). 
Issue 6 - BT-431251 
May 29., 1923. 
Replacing all previous 
Issues. 

This M. of O. was l?repared from issue 17 of T-431251,. 

DEYELOP1~NT 

ME~HOD OF OPERATION. 
FINAL SEL.i!:CTOR CIRCUIT 

P.ANEL MACHINE SWITCHING SYSTEM 

1. PURPOSE OF CIRCUIT. 

This circuit is for the purpose of completing connections from 
a manual or full mechanical office to a subscriber's or P.B.X. 
line in a full mechanical office. The relase on 11 No Test

11 
calls 

is under control o.f the calling end. 

2. WOR1;.J.NG LIMITS. 

This final works over subscriber's line loops of 750 obras 
maxin1um and trunk loops of 1300 ohms maximum. 

OPERATION 

3. PRINCIP/IL FUNCTIONS 

T11is circuit is used to establish a connection from the in
coming selector multiple to a subscribed~u or P .B .X. Line. r::;s 
principal functions are:-

3.1 Selection of desired line, dist:i.nguished between direct 
and P.B.X .. lines, and establishing talking connection., 

3.2 Testing called line for busy and, i£ busy individual 
line, returning selector to normalo 

3.3. Transmitting busy signal to calling station. 

3.4. Holding the line busy to other hunting selectors. 

3.5 Disconnection after conversation • 

3.6 Tell-tale, 11 No Test 11
, and premature release features. 

3.7 Private automatic exchange (PAX) station selections. 

4. CONNECTING CIRCUITS 

This final functions with the following: 

- -~---
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4.1 Line switch and line finder cirouits. 

4.2 Local cordless and interoffice incoming selector 
circuits. 

4.3 Standard two and three digit senders, cordless sender 
selector circuits and cordless senders • 

DESCRIPTION OF OPERATION. 

5. SEIZURE 

1rfhen an incoming selector seizes the tip ring and sloave 
terminals of this circuit, ground in the incoming selector is 
connected to the sleeve terminal~ making this circuit test busy 
to other hunting incoming selectors, and the incoming selector 
advances to the selection beyond position. With the incoming 
selector in selection beyond position, the final (L) relay 
operates through cams Hand G overs the fundamental circuit in 
series vrith the stepping relay in the sender. The (L) relay 
operated, operates the (TK) relay battery flowing thru the pri
mary winding of (TK), D and E cams, thru the contAetof (L) re
laj to ground on the O cam. The (TK) relay operated, locks to 
ground on the sleeve of the associated incoming selector cir
cuit and advances the switch to position 2. 

6. BRUSH SELECT ION 

W~th the sv1itch in position 2, the high speed up-drive mag
not(HS) operates, causing the selector to move upward for brush 
selection. As the selector moves ~pward, carrying the commuta
tor brushes over the commutator segments, the A segments and 
brush intermittently connect ground through to the tip side of 
the fundamental circuit, alternately closing and opening a short 
circuit around the stepping relay in the associated sender cir
cuit, thus releasing it and permitting its reoperation. Vvhen 
sufficient impulses have been sent back to satisfy the sender, 
the fundamental circuit is opened by the sender, releasing the 
(L) relay and con3eguently opening the circuit through the (HS) 
magnet, which stops the upward movement of the selector, and the 
switch advances to position 3 • 

7. GROUP SELECTION. 

In position 3, when the fundamental circuit is closed by the 
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sender, the (L) relay operates, advancirig the switch to posi
tion 4. The (HS) magnet is now operated arid the selector 
mo~es up~ard for ~roup selection. The trip magnet being opera
ted in positions 3 to 5, the previously selected set of brush
es is tripped as the selector moves upwE'.rd in position 4. Also 
as the selector moves upward, the B comm.utlitor segments and brush 
intermittently connect ground to the tip side of the fundo..mento..l 
circuit~ o..ltern~tely closing and opening a short circuit ~round 
the stepping relay in the associated sender circuit, thereby re
leasing and permitting the reoperation of the stepping relay 
until sufficient impulses have been sent back to satisfy the 
sender. The fundamental circuit ±s then opened by the sender, 
r _eleasing the ((L) relay I which opens the circuit through the (HS) 
magnet, stopping the upward movement of the selector, and ad
vances the switch to position 5. 

8. UNITS SELECTION. 

When the fundamental circuit is closed through in the send
er, the (L) relay operates, advancing the switch to position 6. 
The low speed (LS.) magnet opera.tes., causing the selector to move 
upwar~, and the U commutator brush and seg~ents function the 
same as the A commutator brush and segments as described pre
viously. When su.fficient · ulses have been sent back to sa
tisfy the sender, the fundamental circuit is opened, releasing 

,,,-the (.L) :..·elay. The release of the (L) relay opens the circuit 
through the (LS) magnet, stopping the selector brushes on the 
tip, ring and sleeve terminals of the callee line and advances 
the switch to position 7, the A cam advancir.g it to position 9. 
When in position 6-3/4, the (P.B.X.) relay is connected in 
parallel with the 40 ohm resistance to the ring, but it does not 
operate due to the high resistance to battery in the incoming 
circuit. As the switch advances beyond position 7-1/4., ground 
is disconnected from the ring, permitting the associated incom
ing circuit to advance • 

9. INDIVIDUAL LINE OR FIRST LINE OF A P.B.X. GROUP NOT BUSY 

With the switch in position 9, the (L) relay operates through 
its pri111ary winding, advancing the switch to position 10, the A 
cam advancing it to position 12. As the switch leaves position 
11, the (1) relay releases, connecting battery through the two 
110 ohm resistances to the S ferminal to operate the cut-off re
lay in the line circuits. The release of the L relay also advan
ces the switch to position 13, ground from the armature of the 
(TK) relay advancing the switch to position 14 and ground through 
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the bree.k contact oi' the (L) relay advancing the switch to 
position 15. As the switch passes through position 13-1/2, 
ground is connac-ted through cam I to the selector group re
gister circuit~ operating that register. 

10. DISCONHECTION 

V~1en the associated incoming selector advances from the 
talking position, ground is disconnected from the sleeve termi
nal, releasing the (TK) relay. The (TK) ':relay released, 
operates the (L) relay through it"s secondary winding, advanc
ing the switch to position 16. In position 16, the primary 
winding oi' the (.L) relay shunted by the 500 ohm 18-..AC resist
ance, is connected thru the loop to the called station, hold
ing the (L) rel~y operated, and ground is connected through 
the D cam to th~ selector time alarm cfrcuit i.:1hich operates 
if the switch remains in position 16 for an abnormal length 
of time. Y!hen the receiver is replaced on the ·svdtchhook at 
the called station, the (L) relay releases and advances the 

:,S't1itoh to position 17, ground on the armature of the (TK) re-
lay advancing the switch to position 18, where the DOWN magnet 
operates, moving the selector downward. When the selector reaches 
nq:r-.io.1., ground through the Y commutator advances the switch to 
position l,releasing the DOWN nab-net. 

11. NO TEST. 

On calls from a cordless position, w~'.en the "no test" key 
is operated, the circuit functions as de ... ;c::cibed in paragraphs 
5 to 8 until the switch· -=reaches position 6-3/4 when battery 
through a low resistance in the cordless sender selector cir
cuit is connecced to the rings:i.de of the fundamental circuit, 
operating the (P .B .X.) relay. 'I'he (P .B .• X.) relay operated, 
releases the (TK) relay, which advances the switch from posi
tions 8 . to 13 ,;vithout testing the called line for busy or wait
ing .for (P.3.X.) hunting. The release of the (TK) relay con
nects ground to the sleeve of the 'incoming circuit to keep it 
busy. As the mvitch leaves position 8-1/4 the (P .B.X.) relay 
releases. Since the(TK) relay is released, the (L) relay does 
not o.-perate in position 9 as described in paragraph 9. In posi
tion J.3, the (TK) relay operates and locks through -its primary 
winding, advancing the switch to position 14~ Since the (L) 
relay is normal, the switch advances to position 15 immediately. 
Disconnection takes place in the same manner as described in 
paragraph 10. 
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12. BUSY INDIVIDUAL LINE 
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In case tho called line is an individual line and is busy., 
the circuit functions as described in paragraphs 5 to 8 until 
the s-witch enters position 11. In_position 11 high potential 
battery on the S terminal operates the (P .B .X.) and (TB-) re
lays in series. The (TB) relay operated, holds the L relay 
opcr2.ted through its primary winding and the (P .B .x.) relay 
operated, rcloasos tho (TK) relay. · Tko .(!J) relay released, 
advances the svvitch to position 13. When tho switch leaves . 
position 12-1/2., the (P.B.X.) -and (TB) relays release, but the 
(L) relay holds through its secondary winding., In position 13, 
the (TK) relay operates and locks to ground in the associated 
incoming S$lector, advancing tho switch t;o position 14~ i;1hcr0 
the DOWN magnet operB.tes., restoring tho selector -to normal. 
When the selector ronches normal, ground on the Y commutator 
segmenJc advanced the switch to positi<;m 17 • In positions 13 
to 14, the TRIP magnet operates but does not perform any use
ful function ~t this time. In position ~7. a circuit is 
closed from ·interrupted ground over lead D from the busy flash 
interrupter through crun P to oper~te and release the (L) relay 
as controlled by the interrupter. The operation of the (L) 
relay closes a circuit from lead B of the miscellaneous tone 
and interrupter circuit to the ringside of the trunk; thereby 
giving a busy back tone to the calling subscriber. V\Jhen the 
calling subscriber or operator disconnects., the associated in
coming selector advances to remove ground from the sleeve ter
minals~ thus releasing the (TK) relay.. The release of the 
(TK) relay advances the switch to position 18 where ground on 
the Y conm1utator advances it to normal. 

. P .B.X. HUNTING 

If the line on whose terminals the selector brushes rest at 
-'che end of units selection is the first of a group of P.B.X. 
lines, &..nd one or more of this group is busy1 when the switch 
reaches position 111 low potential battery on the S terminal 
operates the (TB) relay but not the (P.B.X.) relay. The (TB) re
lay operated, holds the (L) relay and as the switob enters posi
tion 12 6 ·the LS magnet operates, causing the selector to move 
upward~ When an idle terminal is reached, ground potential on 
the S lead releases the (TB) relay; opening the holding circuit 
through the primary winding of: the (L) relay, which however~ 
holds through its secondary winding to ground on the C commutator. 
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The adjustment of the C commutator brush with relation to the 
tripped sleeve terminal brush is such that it does not break 
contact with the C commutator segment until slightly ifter the 
holding circuit through the winding of the (TB) relay is ope::i
ed at the time that the sleeve brush brae.ks contact witl Jche 
busy terminal and makes contact with the sleeve terminal of an 
idle line. The (L) relay and the (LS; magnet therefore r~ma.in 
operated and the seleotor continues to travel upward until the 
C comrmi.tator brush breaks contact with · the ground metal se~'1ent. 
At this time, the brushes a1'e slightly above the center of t:ie 
selected terminals and a locking pawl enters the notch on the 
rack attached to the brt.ish support rod. With the· circuit to 
ground on the C comrnutat·or opened~ -bhe (L) relay releases, dit 
connecting ground from the commutator feed bar (GJ and releas
ing the (LS) ip.ag_neJc. The selector then drops back against the 
locking pawl, t·hus centeri!lg the brushes on tl1e line terminal.• 
Durini P .. B.X. hunting., ground is connected to the G commutator 
through cam D from and under control o:r the (L) relay, This is 
to prevent the reoperation of the (L) relay by the closing of a 
circuit from ground through the C commutator brush and segment 
as the selector drops into place. The release of the (L) relay 
also advances the svvitch to position 13. From this point on 
the circuit functions .as previously described in paragraphs 9 
and 10. If the last line of a P.B.X. group is reached~ since 
the sleeve condition is the same as £or an individual line, the 
(TB) relay releases in position 12 if the line is idle;,9r the 
P.B.X. relay operates in position 12 if the line is busy and 
the circuit functions from here the sa~e as described for an 
individual line. 

,J? .A.X.DIALING -
o£fice circuit is located ha5 

lines terminating • ~vate automatic exchaI1ges., this .final 
circuit is arranged vdth. ":~ t tJ'±'. .:.n. In this case$ round is 
connected to the ring;sia.e of the trunk 1 n-;;n :the switch advances 
f'rom position 14-1/2 to hold the incoming select · the 11 Se-
lection Beyondn pos"ition. This circuit then functions a der 
and 11 Individual Linen to connect to the line where ground on the 
r~hg of the P.B.X. trunk holds the incoming in the selection 
beyond po ·tton until all· selections have been completed. This 

is in talking position when P.A.x. selections talces 
·Disconnection is the same as for an individual line. 
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Should the calling subscriber replace the receiver on the 
switchhook or the cordless operator depress the discollil.ect key 
before the final svn.tch advances from position 14> the \ncom
ing selector functions and removes the ground from slee~~, re
leasing the (TK) relay. The (TK) relay released; advance.. the 
switch from any position between 1 and 13 to position 13, ;here 
the (TK) relay operates and advances the switch to position 14. 
The (TK} relay now releases, in turn operating .the (L) rela 
through its secondary winding which operates the DOJ!N magnet 
restoring the selector to normal. In positions 13 to 14, the 
TRIP magnet is energized so that in case this premature releasl 
starts before the final has advanced beyond brush tripping zone 
the trip finger shall not be in the way of the returning select
or brushes. Vfuen the selector reaches normal, ground on the Y 
commutator advances the mvitch to position 17, ground on the ar
mature 0£ the (TK) relay advancing the switch to position 18 and 
ground on the Y commutator advancing it to normal. 

16. TELL-T.ALE 

Should the selector travel to the top of the frame~ 11 Tell
Tale11 position, during selection i positions 2, 4,. 6 or 12., 
ground on the X commutator brush and segment advances the svvitch 
to position 13. The switch now advances to position 15, and 
awaits the advance of the incoming circuit to release the (TK) 
relay. From this point the circuit is returned to normal as 
described in paragraph 10. --

17.TEST JACK 

Jack 1IB is for the purpose of making this circuit busy dur
ing testing. Jack Tis used to test the operation of this cir
cuit. 

ENG.--AFH 
5/29/23 

APPROVED--H.L.MOYNES 
E.R.C. 
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