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CIRCUIT DESCRIPTION 
:SELL TELEPHONE LABORATORIES, INC-. , 
SYSTEMS DEVELOPMENT DEPT., NEVi YORKo 

PRINTED IN U.S.A. . 

CD-21043-02 
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:Maroh 3, 1927 
(9 Pages) Page 1 

PANEL MACHINE SWITCHING SYSTEM 
INCOMING SELECTOR CIRCUI� 

FROM KEY INDICATOR MANUAL OFFICE 
4 PARTY SEMI-SELECTIVE RINGING 

DEVELOPMENT 

1. PURPOSE OF CIRCU!f 

1.1. This circuit is used fo r establishing a connection 
be twe en an operator in a key indicator manual o�f'ice 
and a subscriber or an operator in a ·panel machine 
switching office o 

· 

2. WORKING LIMITS 

2.1 . The external oiroui t loo p for selections shall not 
exceed 1488 ohms resistance and shall not include 
more than 12 miles of oable. The insulation re
sistance of the trunk shall not be less than 

( '. 30,000 ohms. 

2.2 The external circuit loop resistance for trunk super
vision shall not exceed 1390 ohms with 20 vol ts min. 
at the manual office, or 2875 ohms with 40 vol ts min. 
at the manual office.· In either case the ins'\l.lation 
resistance of' the_trunk shall not be less than 30,000 
ohms. 

· 
2.3 !he external cirouit loop resistance fo r supervision 

toward the called subscriber shall not exceed 900 ohms 
and the ·insulation resist·anoe of the subscriber's line 
shall not be less than 10,000 ohms. 

2.4 Tri pping Ranges: 

· 20 
A.C. 

. 
Vol . 

Silent Max.ExtoCkt.Loop f'o r Tripping 
Interval 

Int.erval Interval 

95-103 
95-110 

16-19 46-52 800 ohms 
450 n 

.. ~ .... 

Ringing · Cycles b.c. For Ringing For silent 
·ta.ge Voltage Volt8:'a8 
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OPERATION 

3. FUNCTIONS. 

3.01 Reoognizes selection. 

3.02 Makes bru.sh selection. 

3.03 · Trips the selected brush 

Z.04 Makes group seleotion. 

3.05 Selects, and center s the multiple brush on the ter
minals of the .first idle trunk in the selected group. 

3o06 Grounds the sleeve terminal of the seleoted trunk as 
soon as it is seized and until the switoh advances be .. 

7ond the talking position. 

3.07 Closes the "T" oonductor of the inooming trunk to the 
"T" oonductor of the final selector and oonneots ground 
to the ."R" oonduotor of the incoming trtJ.nk during the 
time the final selector is making selections. 

3o08 Recognizes the completion of' final selections and sig
nals the sender that all selections have been oompleted. 

3.09 Recognizes trunk closure :from the operator's cord cir-. 
oui t or �rom the ke7 indioat_or link-o iroui t. 

3.10 Cloaes.the'ringing oirouit at the proper time for 
signalling the oalled st atio�. 

· 

3.11 Transmits ringing induction to the oalling·.sub sari ber 
wh11e the ringing oirouit is closedo 

3.12 O:pens the r1:ig1ng ciroui t when the reoei ver is re
moTed from t.lle swi tohhook at the oalled station or 
when the operator rele.ases the trunk. 

3.13 Furnishes talking batter7 t o  the oalled stati�n as 
soon as the ringing oirou.it is opened and until the 
oonneotion is released. 

3.14 Signals the operator when the oalled subscriber re
move a the receiver ··:rrom the switohhook. 

3.15 Signals the operator when the oalled subsoriber re_ plaoes the receiver on the switohhook. 
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3.16 Furnishes repeating ooil and condenser transmiss·ion 
during the time the calling and oall.ed stations are 
oonneoted. 

3.17 Returns the eleyator to normal, resets the multiple· 
brush, and ·advances the sequenoe sw1 toh to normal 
�e� released by the operator • . 

3.18 Registers. ea.oh revolution o:t the aeque.noa· sw1toh. 

3ol9 It all of the trunks 1n the seleoted group are· bus7 
when 1he selector hunts tor an 141• trunk, . the . 
elevator.stops on the top set of.terminals in the 
group (known as the overnow 'terminals) .and the 
seleotor :ra.not1ons as·tollows: · 

('a)· Signals the· sender · that an overflow oondi tion 

'(b) 

(o) 

. {d) 

exists. · 

Reoognizes trunk -
�losure. 

Registers the overtlow oondition. 
. . 

. . 
.ira!lsmi ts· an oTernow si�al · to the · operator • . . . . .. ' � . 

. J•) ··Returns to normaJ. Wien released �T ·the operator. 

1.20 When 1fle "e�evatOr tr.avels to the tqp of the 
Qn a .trouble con4.1tion (tell ta.le) ·the o1rou1 t .. • 
fnn.�tions as :tol·lows: . . . 

.. . 
. . " ·(a) Releases the UP•drive magne·t. 

· . (b) S1.gnals the . sender as. �n"·an. �over+iow co.udi.tion. · 
. . . . . . - . 

(o} , Reoosru�es·· tranlt ·closure�. 

(4) Transmits an overflow signal to .the operator. 

(e) ··Returns to normal, when 'rel.eas�a.·· by the �i.>erato:r. 
.. . . 

a.21 Retlirns to normal ·1t the sw1 toh is advanoed oft• 
normalmanua.117. 

z.22· Recosnizes a wipe-out oondition as soon as the switob. 
eniers the ringing position . opens the ringing 
o1rou1 t and returns to normalo 

:tram~ 

/ 

( 
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3.23 Us es the same se quenoe swi toh as the. oorzaesponding in• 
coming oiro� t for .panel machine awi.toliing service i·n 
order to permit. C()nversion from manual to panel w1 th-
out changin g oams. 

· 

4.. CIRCUITS Th is· oircui t functions w1 th: . 

4.l Cord oircuits in manual offioea equi:p:pfitd with ke7 in
dicator apparatus and the assooia�ed key indicato r 
link and sender oirouits. 

4.2 Auxiliary and long o.G. trunk oirouits. 

4 .• 3 Stand�d final selector oirouits. 

4.4- standard tra..nk oircuits tor blank incoming multiple . 

standard "Miscellaneous Registers" ci�cui·ts. 

4.6 s.tandard "Misoelleneous Tones and Interrupters" oir�:nli ts. 

4.7 standard test set circuits tor testing 1noom1ng sele o tor s . 

DETAILED DESCRIPTION . 

5. When the tra..nk to an inooming selector oiroui t ·1s 
key indicator link oiroui t and the associated 

sende r closes t he fundamental ciroui t tor inooming brush 
se le oti on the (L) rela7 operates iri series with the 
"stepping'' relay of ·the sender . The operation o:r the (L} 
rela7 olo ses a oirouit which advances the ·swttoh to position 2. . � . . 
6. BRUSH SELECTION With the switoh 1n position 2 ,  the UP�drive 

o-.using the selector to move upward tor brush 
se lection . As the selector moves upward� oarr71ng the commuta
tor brushes over the oommute.tor segments, the A segments and 
brush i ntermittentl7 o OJineot ground to the tip. side or the 
fundamental oiroui t, al ternatel7 and opening . a short 
oirouit around .th e stepping relay in the sende? oirouit, thus 
causing the stepping relay to re leas e and reopera te. When 
sufficient impulses have been sent back to satisf7 the 
the fundamental c1rou1t is OJ;>ened by- the sender� releasing the 
(L) rela79 and consequently opening the oi:roui t through the 

· 
UP magnet; whioh stops the upward movement of the selector, 
and th e switch advances to positi on 3 where a oirouit is olos ed 
for oper·ating the TRIP magnet . 

. I 

CONliECTING · 

SEIZURE . 
s·e1zed by the 

magnet operates, 

. ( STP) 

closing 

sender, 
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7. ·GROUP Vv'llen the fundamental circuit is agatn 
sender, the .(L) relay operates , . advancing 

the switch to position 4. The UP magnet is again o p erated 
and the selector moves upward for group selection tri pp ing 
the previously selected brush . As the s elector moves upward, 
the B commutator s egme nts and brush intermittently connect 
ground to the tip side of the fundamental oircuit, alternate� 
ly closing and opening a short oircuit around the stepping 
relay in the associated sender aircuit, thereby releasing 
and permitting ·the reoperation of the stepping relay, until 
sufficient impulses have be�n sent back to satisfy the .. 
sender. The fundamental circnit is then opened by the 
sender; releasing the (L) relay whioh {a) opens the circuit 
through the UP magnet thereby stopping the upward movement 
of the selector and ( b ) advances the switoh to�posit1on 5o 
As the switch leaves position 4. the TRIP magnet.rele.ases9 

· 8. HUNTING In , po,s ftion 5, the (L) relay op erates 
winding, advancing the switch to poai

·tion 6. Ir the first trWlk iri the group is idle when the 
_switch advances from·position 5 l/4 the (L) rel ay releases 
and conne·ots ground.· at oam K to the· S termin!11 of the t:r-u.nk .· .. 

. as a busy condition. -The release of the (L) relay advances· 
the swi tc�. to po si tiori. 7. Ii' the. first trunk of the · group 

··is busy when the switch enters·positio� 6, the (L) relay 
holds th;rough its primary winding fromgronnd on the bus7 S 
terminal and the UP magnet operates, causing the selector to 
move upwardo \Vb.en an idle trunk �s found the holding ·01r
ouit the .PrimarT: winding o�·.·the (L) relay is opened , 

but the relay does not· release immediately becaU:se of a 
circuit olo sed through the "C" commutator. bru.sh and segment. 
The adjustment of the "C" commutator brush with relation to 
the tripped · sleeve mul.tiple brush, is such that it does not 
break oontaot with the ncn commutator segment until slightly 
after the holding circuit through the primary winding of the 
(L') relay is opened by' the sl eeve brush leaving the busy 

·terminal and malting contact with the sleeve terminal"'o:f the 
idle trunk. - The (L) relay and the (UP) magnet thereto.re re;..· 

·ma in operated and. the selector continue s to travel upward 
until the "C" commutator brush breaks contact ·with the metal · 
se gment .· At this time, the brush is slightly above the.center· 
ot the sele cted set of terminals and the holding pawl enters. 
the notch in the raok at tached to the brush s upport rod • 

... When the cirouit to ground at th e "C" commutator opens, the · (L) relay releases, disconn ecting ground :from the csommutator 
feed bar "G" and rele asing the UP magnet . The select.or 

) 

SELECTION 
closed .through the 

TRUNK 
through its secondary 

through 
(L) 
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then drops baok upon the hold ing :pawl, thus oentering the 
brushon.the selected terminals. During trunk hunting, . 
ground is connected to the "G" eommu ta.to r through oam E · 
and the front oontaet of the. (L) relay�. This is to prevent 
the reop er&tio n of' the (L) relay by the closing o� a-cir
eui t f'rom ground through the "C" commutator brush and 

· se gment as the selector drops into :place. The rele ase of 
the. (L) relay adv ances the switch t:o·position 7. 

9. BEYOND - In :position 7, the (L) relay op erates . 
_advarieing the swi teh to posi·

tion 8, where the (L) relay holds over the ring s ide of' the 
trunk to gr.-ound in the f'inal seleetor circuit. The tip of 
the fwidamenta1·1s closed through oam F from the final 
selector oircuit to the sender and ground through the oon
taot of the (L) relay is  connected to the ring thus complet
ing the f'undamenta1 ·ciroui t. · 
10. .ADVANCE .._ After seleotion beyond has been com

circuit f'unotions and removes 
ground from the ring, causing the· (L) re:l:.ay to release there
by advanoing the switch to position 9. The tL) relay reoper
ates in :position 9 over the fundamental circuit and advances 
the switch to position 10. This time the direction of the 
current over the tip and ring of the fundamental circuit is 
reversed. The A cam ground adva.noe9 the swi toh to posit ion 
11. This causes the associated key indicator sender and 
link circuits to funotion. When the key indicator ope rat:er · 

inserts the plug into the trunk jack, battery and ground 
is supplied by the ·operator ' s oord circ ui t over the ·tru.nk ·to 
operate the (A) relay the reby "trunk closure ". The 

· 
(A) relay O:Perated, operates the relay whiah in turn 
operates the (L} relay thus advancing the switch to position 
12. 

11. 4 PARTY SEllI-SELECTIVE RINGING - The P commutator bar 
of so arranged . that the subsoriberts 
lines, which are served by final selectors that terminate 
as trunks in bank terminals of groups 0 and 2 /o n the in
coming f'ra.me-, are signalled vd th a 1 rin,g code and the lines 
which are served by final selecto rs that ' terminate in groups 
.1.and 3 a.re signalle d with the 2 ring code. 

. 11.l "ONE RING" RINGING CODE - If the selected trunk is 
a group by the one ring oode, · thfJ P commutator ground is absent, and the {L) 

relay: releases when the svd tch advances "from :position 
·11 1 74. With the (L) relay released, th'- (PU) rel-ay 

operates immed iately in :position 12 and advances the 

·'· . ,• 

.. 

SELECTION 
througi. its primary winding, 

INC01UNG 
pleted:, the f'liiai selector 

the 3-A oommutator is 

givin6 
( D) 

in which is signalled 

, _,, 

I 
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switch tcr posit ion 13. !he r __ looks · 
mder oontrol of the (R) and i-ela.ys (the · (D) relay- being under control of the relay) • . 

In position 13, "one.ring" ?1.ng1ng ourrent is 
supplied·tor signalling the oalled subso:rlber 
and ringing 1n4uotion is transmitted to the 

. oalling subsor,iber tb.ru the (A) oondenser• When 
'·the receiver is removed trom �e switohhook at 

the oalled station. the (R) rela7 operat es, there• 
. by ihe (PU) relay which in turn ope� 
a�es .the relay � thu� advanoin& t.he s�'toh 
to posit�on. 14. As the switoh leaves position 
13 1/2, the (L) releasee. In position 14, 
groUD4 is supplied thru o on tad ts 2T and 3T oz 
the (L) rela7 to adTailoe the sWitoh to position 
15. In position 15 a path is olosed tor advanc
ing the switoh to position 16. 

"'TWO RING� RlllGING CODE � If the seleoted tra.nk 
a group· signalled by the two ring · 

eode ·, the P oommlltator au.pplies �ound for.· 
hold� the (L) rela7 operateci from position · 
11 1/2 to. 13. Under this the (L) _· 
rela7 .remains o:per.ate4 in 12 and. the 
(PtT) ill position· 12 !rom · 
supplied intern.ptei-. . · 
operat.ion o:t the .. ·rela7 in ·"111s n8.llner 1n-. 
sures that· both r1np of the initial ,two ring" 
c70le are - obt&llled· as well as the . suooeeding 
ringing oyoleso When the (PtT) relay 
it lo.alts una.r oontrol of the (R) and re .. 

.(the· (D) relay being· under oontrol of the 
rel&J') and the swi toh. to position 

13. In posJ:t1on 13 ground is supplied. by ·oon-
taots l� a.ml 2T ot the (L) rela7 oausing· the 
swi ioh to advance to position 14. In poai tion 
14, the (L.l relay is loaked eperatedl\thru .oon• 
tao"s lT .and 2T of the (PU) relag and the· called 
sub�or1ber is· signalled.with two ring 

· ourrent. Ringing 1nduot1on is to 
the oal.ling subsoriber tbru the (A) oondenser 
in position 14. When the reoeiver 18 removed 
from the switohhook at the oalled station the 
(R). relay·. operates thus relea.s1ng ·the (PUJ relay 
whioh in turn releaae·a the (L) .rel8.J' and . ad-
vances. the sntoh to po s.1tion l.5�. In· position � 15 ·a path ·ie oloae4 to r a.dvanoiDg the swi toh 

. '° position 16. 

. . , 

. I' :-

•• 

.. 
4 

11,2 

.. 
relea.s1.ns 

. . ' (I,) 

is in ,, 

( 

· wbloh is 

relay op,rates . 
. by "lhe · "t>1 ok.--11:p n 

.la1s, _ · 
(AJ 

·. . (PtJ) . 

.1 

a.dYanoes · 

(PU) 
(D) 

·elay 

oo.ntUtion., 
position 

.(A) 

Oiarates, 
(D) 

rin«ing 
transmit tel 
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12. " TALKING - The ·(sl relay operate s when the '{PU') relay 
. rel eases. in position 13 or 14 and remains operated 
.. until th� re .. ceiver is replaaed upon the switchhook at· the 

called station or until the· switch leaves po$1tion 16. . . 
When ·the (S) relay operates, 1 t short-cireui ts the second
ary winding of the (A) relay thus permitting. the operation 
of supervisory rel�y in the calling ·cord at the ·manual . 
office� The (L) relay holds in position 16 under o�ntrol 
of the (A) relay. . . . · . . 

13 o · . RETURN To - When the plug o f  the ()alling eord 
. is outgoing trunk jack at the manual office, 

the (A), (D) and (L) relays release. The release of the 
. '(L) relay advances the sw1 tch to position 18, in which posi- . 
:- tion· the DOWN ma.gne·t is energized returning t he e1e·vator to . 
"normal. The TRIP magnet is energized in position 17 1/2 /18 
to· prevent snagging the multiple brush on the trip fingers 
when ·the is ·returning to normal. When. the elevator 
rea()hes noz.-mal the tripped multiple brush is reset and 
ground on the Y commutator ad�a.nces the switch to normal. 

14 •. RETURN TO ON .AN ABANDONED CALL - If the p;ug of 
the at 
the manual st:fice while the switch: is in either ring
ing positions, the (A) ·and ( D) relays re le e.se • The rel ease 
of the (D) relay releases· the (L)" relay, advancing the switch · 

to position 15 • . Operation ot the (L} relay in position 15 
advances the switch· to position. 16. The (L) relay re�eases 
when the switch.· advanoe s �rom position 15. The switch� ad
vances to position 18 from whioh point return.to normal is 
�ompleted .as described in paragraph 13. 

15. - · I f all o� the trunks 1n the gr()u:p seleoted 
. test trunk hunting in position 6, the selector 
·l will .oontinue upward until the multiple brush ,makes contact 

·with the t.«H> set .o·f ·terminals in the group, known as ·the over
flow terminals. ·The sleeve commutator bar is open· a.t overflow 

·:to· :prevent·· grounding the sleeve terminal of the multiple 
bank. while the swi tch·.'.is moving out of trunk hunting posiition. 

·The {L) rele.y releases when this terminal is reached-and ad
vances the $Yr1 toh out of the tru.nk hunting position.� T he 
advano·e of the· switch f'ran position 7 to 12 is described . 

1n paragraphs 9 and 10. .Ground on the z commutator advanoes 
the switch to :position 17 � . The overflow r�gister,. oonneoted 
·to the tip multiple bBllk. te·rzninal, operates. :f'rom generator · 
and repeating.aoil ground as the switch passes thru position 
13/16� •· lnterrupted ground from the .�Jtl.scellaneous . Tones 

and Interra.pters"· eirouit over lead PB alternately operate s 

ei'#her 

the 

NORMAL 
removed from the 

elevator · 

• NORMAL 

·" . 

• 

• 

aa1iing cord is remved :f'rom the outgoing trtmJs~7.ack 
· of ,;he 

OVERFLOW 
busy when _· 

/ 
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and releases the (S) relay, thereby.alt�rnatel7 s hort
oirouiting, and ope ning the short oirouit aroun4, the 

. eeoondar7 w1.n41ng of the (-A) relay. The supervisor7 rel8.7 
in the oalling oord at the manual off1oe 1.a� alternately 
O.Perated and released, flashing the oalling·oord· super� 
visor7 l�p as an overflow signal. When the plug of the 
calling oord is removed �rom the trunk �aok at · 
the manual otfioe, the (A.), (D) and relays release 
thereby restoring the selector to normal as described 111 
J&r&grQh 130 
. . 

. . 
. 

160 • If the elevator is driven to the top _o� · · the in 8DT �-� the UP•dri ve positions/, 
· 

on the "X" commutator and oon_. t�ots lf and 2T of the 
re lay :. advance the swi toh to posit ion 9. The · (L) 

relay t�e sender oloses the fundamental oir�· 
out and the se1eetor returns to normal as usoribet in 

·paragraph lo except that the overf1ow register is not o:pe� 
ate4.. · · · ·  · · · · 

lf • .  · .. Eaoh
.
· t1Dl8. the .switoh ·passes 

groun- · s oonneoted to the lead "GR" 
.. to -the seleo�r group register so as to :reoerd_ all of �he . 

. oalls whioh are oomple ted : throUBh a group of inooming · · . . 
. sci le otors-.: 

· · · · 

18 • . GROUP BUSY -� As long as the switch. is i'n the 
is connected to. the PBR lead to ·th� group bn.sy ·register �ndioating an idle oenneot1on. · When all. the se"'le«1tors in a group are o:tf normal, the group 

·busy register is operated. 

DEPT. 332-A 

AJB)· 

JELL TELEPHONE LABORA.TORIES, . me. 

. ,., 
1 

' ... 

TEI.:U.T.ALE . 
trame (.te1l•tal•) . 

ground · · · 
(L) will . 

opei:-ates · when · 

.·,, 

REGISTER . 
. AOl'Dial poaltion, grounl _ 

outgoing 
(L) 

• 
. I 
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