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This Method of Operation was prepared from Issue 14 of Drawing ES-207959. 

iE'llioD OF OPERATION 
Panel System - Final Circuit - With Marginal Relay Test Circuit -
Arranged for Routine Testing of Subscriber Lines 

DEVELOPMENT 

PURPOSE OF CIRCUIT 

This circuit 1s for the purpose of compl etin~ conne ctions from a 
manual or panel t ype office to a subscriber's individual or PBX line 
in a ground cut-off relay panel office. 

WORKING LIMI'IS 

2ol Tho maximum external circuit subscribers loop resistance i s 
750 ohms Vii th "Y" wiring and 1500 ohms wi th "Z" wiring a 

2o2 The minimum subscribers line insulation resistance for item 
2ol i s 10,000 ohmso 

2o3 The maximum external circuit loop resistance f or select ions 
is 1474 ohms with minimum tx~nk insulation resistance 30 ,000 ohms . 

OPERATION 

3o PRINCIPAL FUNCTIONS 

This circuit is used to establish a connection fro~ the incoming 
selector mul t i pl e to a subscriber's or P . B. Xo line o Its principal 
functi ons are: -

3ol Selection of desired line, di s tinguishing between direct and 
P.B.X. lines , and establishing talking conne ct ion 

3o2 Te s t ing called line for busy and , if busy individual line 9 re
turning selector to normal 

3o3 Transmitting busy signal to calling station 

3o4 Holding of line busy to other hunting selectors 

3.5 Disconnection aft er conversation 

306 Tell-tale, "no test" , and prematu r e release f eatures 

3o7 Private automatic exchange (PAX) stat ion selections 

3~8 Routine testing of subscribers' lines 
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3.9 Arranged for t esting subscri bers ' lines from the test desk 

CONNECTING CIRCUITS 

This final functions with the following: 

4.1 Line switch and line finder line circuits 

4~2 Regular local, cordless and inter-office incoming selector 
circuit 

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

4.4 Five hundreds test selector 

DESCRIPI'ION OF OPERATION 

5. SEIZURE 

When an incoming selector seizes the tip , ring and sleeve terminals 
of this circuit, ground in the incoming is connected to the sleeve 
terminal, making this circuit test busy to other hunting incoming 
selectorsP and the incoming advances to the selection beyond position. 
~1th the incoming in selection beyond pos ition, the final L relay 
operates over the fundamental circuit in series with the stepping re
lay in the sender. The L relay operated, operates the TK relay. The 
TK relay operatedp locks to ground on the sleeve of the associated 
incoming selector circuit and advances the switch to position 2. 

BRUSH SELECTION 

With the switch in position 2 , the high speed updrive magnet (HS) 
operates . causine the selector to move upward for brush selectiono As 
the selector moves upward. carrying the commutator brushes over the 
commutator segments, the A segments and brush intermittently connect 
ground through to the tip side of the funda~ental circuit, alternately 
closing and opening a short ci1·cui t around the stepping relay in the 
associated sender circuitp thus releasing it and permitting its reopera
tiono When sufficient impulses have been sent back to satisfy the 
sender, the fundamental circuit is opened by the sender, releasing the 
L relay and consequently opening the circuit through the (HS) magnet , 
which stops the upward movement of the selector, and the switch advanced 
to position 3 . 

GROUP SELECTION 

In position 3, when the fundamental circuit is closed by the sender, 
the L relay operates, advancing the switch to posit ion 4o The (HS) 
magnet i s now operated and the selector moves upward for group selectiono 
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The trip magnet being opera ted in posi tion 3 to 5, t he previously 
selected se t of brushes i s tr ipped as t he selector moves upward in 
position 4. Als o a s t he s e l ector move s upward , t he B commutator 
s egments and brush i n termittently connect ground t o the t ip s i de of the 
fundamentel circuit 9 a lt ernately closing and openi ng a short circuit 
around the stepp ing r el ay in t he ~s sociated sender circuit, t her eby 
releasing and permitting t he reoper ation of the s t epping r el ay until 
sufficient impul ses have been sent back to sati s f y the s ender. The 
fundamental circuit i s t hen opened by the sender, r ele asing the L relay , 
which opens the circuit t hrough the (RS) magnet , stopping the upward 
movement of t he s elector, ond advances the switch to pos ition 5 o 

UNITS SELECTION 

When the fundament al circuit i s closed through in the sender, t he 
L relay operate s , advanc ing t he swi t ch t o pos ition 6. The low speed 
(LS) magnet oper at es , causing the selec tor to move upward, and U com
mutator brus h and segment s function t he same as the A commutator brush 
and segments es de s cribed pr eviousl y . ~hen sufficient impul s es have 
be en sent ba ck t o sat isf y t he sender, t he fundament al ci rcuit i s 
opene d, r eleasing the L rel ay . The r elease of the L r el ay opens t he 
circuit th r ough the LS magnet , stopping t he selector brushes on t he tip , 
ring and sleeve t erminals of t he called line and advances t he swi tch t o 
posit ion 7 , t he A c am advancing it to position 9. Wh en i n pos ition 
6-3/ 4 , t he P . BoXo r e l ay i s conne cte d in parallel with the 40 ohm 
res i s t ance t o t he ring , but i t does not oper ate due to the h i gh 
res istance to battery i n the incomi ng circu it. As t he switch advances 
beyond posit i on 8-1/2 , ground is di s connected f rom t he ri ng per mitt ing 
the a ssoc i at ed incomi ng circuit t o advance . 

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

With t he switch in pos it ion 9 , the L rel ay operate s through its 
primary windi ng , advancing t he switch t o position 10 , the A cam advanc
i ng it t o pos ition 12 . A13 the swit ch leaves position lli t he L r elay 
releases , connecting bnttery t kr ough the two 110 ohm r es istances t o the 
S terminal t o operat e t he cut-off rel ay in t he line circuit o The release 
of the L r el ay also advances t he swit ch t o position 13 , ground from the 
armature of the T'°A r elay advancing t he sw itch t o pos ition 14 and ground 
t hrough t he br eak contact of the L r el ay advancing the switch to position 
150 As t he swit ch pas s e s t hrough pcsit ion 13-1/2 , gr ound t hrough cam I 
is conne ct ed to t ho sel ector gr oup register circuit, operating that 
regis tero 

10. DISCONNECTION 

When t he ass ocia ted i ncoming selector advance s from the t al ki ng posi
tion» ground i s disconnected f r om t he s l eeve t erminals 9 r eleasing the 
TK rel ay . The TK r el ay r eleased , operat es , t he L r elay t hrough its 
secondery winding~ advanci ng the swi t ch to position 16. In position 16 , 
the L relay hold s through its pr imary winding over the l oop to the called 
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stationo In position 16, the 18-AC 500 ohm resistance is connected 
across the primery winding of the L r elay , whi ch s til l hol ds , t his 
parallel combination being for the purpose of aid i ng the release of 
the L relay when the rece iver is replaced on the switchhook at the 
called stationo In pos ition 16, with "L'' wiring p ground is connected 
through the D cs.m t o the selector time a l arm circuit which operates 
if the swit ch remains in yosition 16 for an abnormal length of time. 
When the receiver is replaced on the switchhook at t hP. called station , 
t he L relay releases and advances the switch to posit i on 170 ':'1 t h "M" 
wiring the selector tine alann circuit will caus~ automatic release 
of t he final even if the celled party bas the receiver off the switJh
hook. Ground on the ar.:na.ture of t he TK relay advances the switch to 
pos ition 18, where the DOWN magnet operat es, moving the selector down
ward o ?Jien the selector reaches normal, ground through the Y 
co.rnmut &tor advances the switch to posit ion 1, releasing the DOWN 
magnet . 

NO TEST 

On calls from a cordless position, when the "No Test" key is 
oper ated 9 the circuit functions as described in paragraphs 5 to 8 
until the swit ch r eaches pos ition 6- 3/4 when batt ery through a low 
resistance in the cordless sender selector circuit is connected to 
the ring-s i de of the fundamental circuit , operating the P . B. X. relay. 
The P. B. X. relay operated , releases t he TK relay , which advances the 
switch from posi t ions 9 to 13 without testing the called line for 
busy or wa iting for P. B. X. hunting o T'ne r elease of the TK relay con
nects ground to the sleeve of the incoming circuit to keep it busy. 
As the switch leaves position 8-1/4 the P . B. X. relay r eleases" Since 
the TK relay is released , the L relay does not operate in 9osition 9 
es described in paragraph 9. In position 13, the TK relay opert~tes 
end l ocks through its pri mary winding, advancing the switch to posi
tion 140 Since the L relay is normal , the swi t ch advanced to position 
15 immediately o Disconnection takes pl ace in the same manner as 
des cribed in paragraph 10. 

120 BUSY Th-OIVIDUAL LINE 

In case the called line is an individual line und is busy , the 
circuit f unctions as described in par~graphs 5 to 8 until the switch 
enters position 11. In posit ion 11 high potential battery on the S 
terminal operates the Po BoX• and TB relays in series . The TB relay 
operatedp holds the L relay operated t hrough its primary winding » and 
the P . B.X. relay operated , releases the TK relay . The TK relay re
leased » advances the switch to position 13. When the swit ch l eaves 
position 12-1/2 , the P.B .X. und TB relays release, but the L relay 
holds through its secondary winding . In position 13 , the TK relay 
operates and locks t o ground in the associated incoming selector, 
advancing the swit ch to position 14P where the DO\'lN magnet operates, 
restoring the selector to normal . When t he selector reaches normal , 
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ground on the Y commutator segment advances the switch to position l ? o 
In position 13 to 14, t he TRIP magnet oper at es but does not perform any 
useful f uncti on a t t hi s time . In posit i on 17, a circuit is closed f r om 
interrupt ed ground over l ead D f rom t he busy f l ash interrupter t hrough 
cam P to oper a te and re l ease the L r elay as controll ed by the 
interrupt er . The oper at ion of t he rel ay cl oses e circui t from lead B 
of t he mi s cellaneous t one and i nterrupt er ci rcuit t o the rings ide of the 
trunk , the r eby giving a busy back t one to the calling subscribero When 
t he calling subs criber or operator disconnec t s, t he a ssociated i ncoming 
sel ector advances t o r emove ground f r om the sl eeve term inals , t hus re
l easing t he TK r el ay . The r e l ease of the T"~ r e l ay advances the switch 
t o posit i on 18 wher e ground on t he Y commut at or advances it t o normal o 

P. B.X. HUNTING 

If the l i ne on whose t er minals t he selector brushes r e s t at the end 
of unit s sel ecti on is the fi rst of a gr oup or P . B.X. lines , and one or 
more of t h is group is busy , when t he switch r ea ches position 11 low 
potential batte r y on t he S t er mi nal oper at es t he TB rel ay but not the 
P . B. X. r el ay . The TB r el ay opor~ t ed , hol ds t he L relay Rnd as the switch 
ent e r s posit i on 12 t he LS magnet operat es , causing t he sel ector t o move 
upward. When an idl e terminal i s r eached , gr ound potent lal on the S 
l ead , r e l ea ses t he TB relay , openi ng the hol ding circuit t hr ough the 
primary windi ng of the L r el ay , wh ich however hol ds t hrough its secondary 
winding t o ground on the C conmutator o The adjus t ment of the C com
mutat or brush with r elation t o the tripped s l eeve multipl e brush is such 
tha t it does not br eak cont act with the C commut a t or segment until 
sl ightly after t he hol ding circui t t hr ough t he winding of t he TB relay 
is opened at the time t hat t he sleeve brush breaks conta ct with t he busy 
tenninal end makes contact with t he s l eeve t er mi na l of an idle l ineo 
The L relay and t he I.S megn~t t herefore remui n operuted and the selector 
continue s to t r avel upwar d until t he C commutator brush breaks cont act 
with the metal segment. At t hi s time , the bru shes ar e slightly above the 
center of tho sele cted terminals and a l ocki ng pawl enters the notch of 
the r ack attached to the brush support rod. With t he circuit to ground 
on the C commut at or opened , the L r el ay rel eeses 0 di s connect ing gr ound 
from t he commut at or feed bar (G) and re l eas i n,q the I.S magnet . The 
sel ector then drops ba ck aga i nst t he locki ng pawl, t hus centeri ng the 
brushes on the line t erminal s . Duri ng P. B.X. hunti ng , ground is con
nected to t he G commutat or t hrough cam D f r om and under control of the 
L reley. Thi s i s t o prevent the reoperati on of the L rel ay by the clos
ing of a circuit from ground t hrough t he C commut at or brush and segment 
as the selector drops into pl a ce . The r e l ease of the L r elay a lso 
advances the switch to position 13. Fr om this point on t he circuit 
functions as pr eviousl y descri bed in par. 9 end 10. If t he l est line 
of a ? . B.X. group i s reached , s ince t he s l eeve cond iti on i s t he same 
as f or an i nd ividual line , the TB relay r e l ease s i n posi t ion 12 if the 
line is i dle or the P . B. X. r el ay operates i n pos i t i on 12 if t he llne 
i s busy and the circuit functi ons from here the same as described fo r 
an indi vidual line o 
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When the office in which this final circuit is located has lines 
t erminating in private automatic exchanges, this final circu it is 
arranged with "X" wir i ng . In this case, groundp is conne cted to the 
ring side of the trJnk until the switch advances from position 14-1/2 
to hol d the incoming selector in the "Selection Beyond" position. 
This circuit then functions as under an "Individual Line" to conne ct 
to the line , where ground on the ring of the F. B.X. trunk holds the 
incoming in the selection beyond posit ion until all se l ecti ons have 
been completed o This circuit is in talking position when P. AoXo 
selections t ake pl a ce . Disconnection is the same as for an i r.div idual 
line o 

15. PREMATURE RELEASE 

Should the calling subscriber replace t he receiver on the switch
hook or the cordless operator depress the disconnect key before the 
final swit ch advanced from position 14 , the incoming selector functions 
and removes the ground from the sleeve 1 releasing the TK relay. The 
TK relay released, advances the switch from any position between 1 and 
1 3 to position 13 1 where the TK relfiy operates and Bdvances the switch 
to position 140 The TK relay now releases , in turn oper~ting the L 
relay through its secondary winding which operates the DOWN magnet, 
restoring t he sel ector to normal . In posit i on 13 to 14, the TRIP 
magnet is energized so that in case this premature release starts 
before the final has advanced beyond brush tripping tone, the trip 
finger shall not be in the way of the returning selector brushes. :I/hen 
the selector reaches normal 9 ground on the Y commutator brush and 
segme nt ad~ances the switch to position 17, ground on the armature of 
the TK relay advancing the s~itch to position 18 and ground on the Y 
commutator , advancing it to normal. 

16 o TELL TALE 

Should the selector travel to t he top of the frame, "Tell Ta.le" 
pos ition, duri ~ select ion in position 2 , 4 , 6 or 12 , ground on the X 
commutator brush and segment advances the switch to pos i tion 13. The 
switch now advances to position 15, and awaits the advance of the in
coming circuit to release the TK relay . From this point the circuit 
i s returned to normal as described in paragraph lO o 

17 o ROUTINE TESTING OF SUBSCRIBER 9 S LL~ 

i'lhen used with the subscriber's line test set 1 jack T- 1 and T-2 
of this cir cuit a re connect ed t o the corresponding jacks of the test 
set by patching cords. The final selector is held busy during the 
test per iod by ground in the test set over the sleeve of j a ck T-1. 
The fundamental circuit is closed through the tip of jack T-1. The 
circuit functions under control of the test set as previously described 

:_:-0-
, . ,., 
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on a r egulur cal l unt i l t he L r el ay r ele ases after compl e ting unit s 
s el ectiono The r e lease of the L relay does not advance the switch 
from pos i ti on 6 and in position 6, t he tip , ring and sleeve brushe s 
rest on the t er mi nals of the line to be tested , the sleeve brush be ing 
conne cted t hrough the sleeve of jack •r- 2 to ba t t ery in the test se t P 

thus holding t he s elected line busy . The line i s then t e sted t hrough 
t he ti p and ring of jack ! - 2e All t he l i ne s in the fi nal selector 
multiple bank may be t ested in rotat i ono The operution of a "stepping 
key" in t he t es t set clos e s the :fundamental circuit t hrough jack T-1, 
operating the L r elay . The L r el ay , oper ated , operates the IS magnet , 
movi ill?' the selector brushes up t o the next se t of line tax·minals . The 
test set opens the fund ament al ci rcu i t when the self.lctor reaches the 
next se t of t ermi nalsP releasing t he L relay and t he IS magnet o To 
r eset the selector t o t est anothe r group of lines or to restore the 
c ircuit to normal , t he d i sconnect key in the t es t set i s opera ted , 
removing ground from the sleeve of jack T- 1 , t hus rele t::.sing the TLC 
rel ay . The TK rel ay released , advances the swit ch to position 13. In 
positien 13 , t he TK r e l ay ope r ates , udvanc i ng the switch to position 
1 4 , where the TK rel ay releases . Th is circuit returns to normal as 
described i n paragraph 150 

When pr ovision i s made to t es t t he subscriber ' s line circuits f rom 
the test desk 0 reley (SC) is :pr ovided and "V'' wiring is used. When the 
final s el ector has advanced to pos ition 15 , the operation of a key at 
the test desk causes s round to be connected to ~i\,~ SC lead operating 
the (SC) relay . The oper eti on of the (:-:;C) relay opens the locki ng c i r
cuit of the (L) relay thr ough the subscribers loW1, to ullow the final 
tc advance on disconnect, regardless of whet her or not the called 
subscriber is on t he li ne and r el eases the (CO) r el ay of t hP. subs criber ' s 
l ine circui t wh ich in turn causes t he (L) relay of th e l i ne circuit to 
op~ r ate and start e line finder hunting for t hi s l i ne . When the line is 
found by the l i ne finder , a check for di al tone is obt a ined a t t he test 
desk. The purpose of t h is t est i s to deter mine whe t h~ r t he subscriber ' s 
l ine i s se i zed by a l i ne finder and whether di nl t cne is appl ied to the 
line. 

TEST JACK 

J a ck (TMB) is used to t est the operation of t h is circu it and to 
make t he circu it busy t o other hunting se lectors o 

ENG. G. R. K. 
July 5 0 1938 
EP 

CHK' D Go R. Ko APP' Do 
C. A. MELSHEDmR 

C. F. Mo 
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This Appendix was prepared troa Issue 1!5 of Drawing ES-207959 

METHOD OF OPERATION 
Panol System - Final Circuit - ~1th Margi n~l Relay Te8t Ci rcuit - Arranged 
For Rout i ne Testi ng Of ~'Ubacri ber Line3 

l o PU'RPOSI!: OF CI ~T 

.Add : 
i ng endo 

The rel ease on "No Test " cells 1a under control of the call
Jacks are provided whereby subscribors lines may be teetedo 

3.7 Change to read p "Can be a.rr!Ulged tor autoI11B.tic release in 
alt·ei t called subscriber release po:ii tiono 

10. Change sont£nce start1ngp "l'ii th ,.l:J,. wiring the selector t i me alarm, 
etc" to read "When "M" wiring is ~sed , the holding ci rcuit for the (L) 
relay i n posit.ion 16 le openec oy the operation of a relay in t he s &
lector time alarm circuit after e definite tin.e interval , so that t he 
selactor e.dvanoes tr-om position 16 and restores to no:mal as described 
above even though the called subscriber has not replaced his roceiYor 
on the switohhook"o Add 0 "When "T" Ylil"ing and the e.ssocit1.ted apparatus 
is provided, the trip magnet is opera~ed in positions 17 1/2 to 18 t o 
prevent snaggi ng ot the br~shes dui~ng the return of the selector" . 
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