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JETIIOD OP OfE!WIOJ 
SBL!.'CTOR CIRCUI! 

Inoo111i12g 'lrolll Spl. "4"' Switchboard With Bo Teat Keya 4t "4" Position. Panel 
lfachine Sn tching System. 

pm,OPWQit 

1. PURPOSE OF CIRCUIT 

Thia circuit ie used to establish eonnections for calls incoming from 
an "4" switchboard 111 a hll mechanical otftce. It la used bJ the aero 
operator in yeritying penistent busy reports an4 re-eatabllahing cut-oft 
connections. · 

2. WORJ<IR, Lim'.TS 

llone. 

OfW!IOlf 

z. PRil{CIPAL PQNQ'?IOBS 

nie circuit aelect·• u. 14le sender and eatabl1ahe■ ~onnectioDs between 
the "A" operator' ■ cord circuit and a final selector. lta principal 
functions are as -tollowa: 

3.1 Selection of idle eender and pl'Oper idle final selector, repeat• 
1ng pulses from final dur112g final selec~ion and diemisaing sender .at 
end ot 1election~ 

3.2 Establishing the talltiiag collJleoUon • 

~•turning to normal. 

4. QOJiUC'l'lffli CIRCUITS 

~hi• oiroult connects with an intercepting and sero operatorta cord 
circuit, an incoming trunk send.er and a final aelector. 

m,CRIP'l'IOJ OF OP!!RATION 

5. SEm?WUPFTUBi 

When the sero operator ineerta the plug ot a cord 1n the outgoing jack, 
the (SL) relay operates OTer the aleeTe thru its wtndlng in aeries. The 
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(SL) relay operated. Ughta the 2•J bus1 lamps. which remain lighted until 
-the ciroult returus to normal. The (PLS) rela, also operates over the tip 
and ring ot the cord,. !he (PLSJ relay operated, operates the (REL) rela,. 
which in tuJ'Jl .operatea ihe (t) rela7 thru ita 1econdal'J' (800 ohm) winding. 
'-'he (L) re1a1 operated, locks thni its primarJ (1200 oln) winding to · 
ground on cam I and operates the R magnet.. adTancing the ••1 tch ·to pesi• 
tion 2. .As the switch enters position 1 Z/4, the (L) relay locks-- tbru 
lta prim&.l'J' winding to ground in the asaoo1ata4 sender circ~it oYer the 
teat lead (TST) it the selector is on a busy sender and the(?) re~q 
operates, opening the operating circuit tor_ the (L) relay. !he (P) re­
lq operated, looks to ground on the armature ot the {REL) relay and ope­
rates the sender selector stepping magnet (S!L.STPJ. star,1ng the selec­
tor hwlting tor an idle sender. When an 141e sender 1s fClUlcl the (L) re­
lq release■ aa there ia now no ground on ·the ,est lead· (!ST). fhe (L) 
relay releaeed.~ put~ ground on the TS1' lead Uk1ng 1t 'buq to other hunt­
ing eelector1 and operate a the R magnet• advancing the sequence awl teh to 
position 3. In po■ itione Z 'l>/4 to 11, the aeacler is l1lade buq by groUlld 
on the armature of the {P) relay. When the ■equence · awitch entera poel­
,1on i, the (Cl) rela7 operates. '?he (CI) rel&J operated. connects the 1 1 

Rm, ·n. J'R and Cl leads thl'u to the sender. 

While the selector 11 hunting ~or an idle sender, the sero operator 
ma7 dial the tbouaands digit in w.hich caae the (PLS) relay releases and 

• reoperates in apchJ'oniam with the impo.lsea sent out bJ the di&lo The 
(R!L) relay being a slow release rela7, remain• operated, oauaing the 
!'B-!TP magnet to operate and release Tith each 1mpl1lee ·trom the dial tlm• 
settlng up the thousands digit on the Tll regi•ter. The (J.DV) relq ope• 
rates and being slow release rela7 remains operated trhi le the 1mpulaea 
are being sent out by the dial. Ee.ch time the (?LS) relay releaau 9 the 
(B) relay operates thru the breu oontacta ot the TH•S~ sgn.et. !'ha (B) 
relay operated, (a) connect• ground to the (~!'.L) relay thu• prnnting it 
~• momentari 17 releasing during 41al1ng tb) coimecte ground to the '1'11-
STP magnet thus insuring it• opentloD in caae tu 1mpalses from the (PI.SJ 
relay are not of sutt1c1ent duraU01i. ne ( !) rela7 Pelll&ina oper&.te4 ··until 
the '?H-M'P ma@net .bas operated, at which time 1t releases. The (ADV) re­
la, operated, abort c1rcu1t1 the 1n4ucUTe winding- of the ('lR) relay, pre­
Teatl~ it hoa open.ttug as the 1'H-2 brush steps off Jiol'!lal. After the 
·digit llaa been dialect the (ADV) relay releases, allowing the (~R) rela,-
t~ operate. 'l'he (TR) relay operated, (a) transt,rs the imJ)'2lse lead. 
h-om the TH-STP mague-t to the I lead of the .sender (b) connects battery 
to the fB-4 ~H-6 and TH-6 registers which set up the register relaya in 
the aender oyer lead.a REG, P'1' and PR, aa determined 'b7 the aetting ot ' 
the TH register. 

• 
_.,. • 

-

• 
-
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8. 

.. 
flle ncceedlng digits r-.rl1trat1on 11 1et up .on reg_bt•n n the ••4-

er. M ■oon aa the tiret i!lplll■es ot the mmdreda digit ts clialed, the •~•i- tmaotlon■ an4 connect■ ground to lead CI, operatizag, (CI-1) 
·-r•la7• flle (CI•l) relay operate«, (a) bold• th• (TR) rel&J operate4 to 
groun4 OD the CI lead (b) 411coneot1 the batt.e17 u■ec! lD tllouands re­
ghtratlon trom the !B--4, !H-5 and 'rH-6 register, le) operates the Tll•Sff 
nagnet thru tbe !R-1 brush • ott-uol'll&l te1'111n&l un4er control ot U■ 
br•k contact stepping the regia'\er t.o normal (cl) operates the ( CI•I) r.­
la,. The (Ol-2) rel&J operated, cU1cozmeot1 th• Rm, ·PT and FR lead• 
from tlae area of the TH register and connect■ the Pf an4 ~ eads tor 
brush selection and the RE~ leacl tor registration ot the auccee41q 41gtta. 

BRUSH SELEQTIQ~ CQJi'l'IlNIP 
When the rr an4 PB lead■ are cloae4 thna to the aender, the lL) re­

lq operates ln a olroult trom batterj· through it1 pl"l.-rJ windiug C&'I r, 
(CI-2) relq operated, 1>r111h •• oTer lead P'?, thru t» sender, back o•er 
1•4 FR, bruilh 5, (CI-2) relay operated, to grotm4 011 caa I. The (L) 
rela1 operated locks oYer ca » and ti.. :tundamental circuit, aclvancea 
the sequence ••Uch to poaitlon •• and operate, the UP aagnet. J.a the 
selector moyee upward, groUD4 from the£ co?111Utator 1s 1nterm1ttent17 
connected to the FT lead, causing the •tepping rel.&7 111 tire sender to 
release an4 re-operate Wltll the proper bru1h Jla1 been aelect.ed. Y«hu 
auffiolent 1llll)Ulees have been aent back to aatlat, the seu~er, the ttmd• 
aniental circuit ls opened in the ■ender, releasing the (L) relaJ• The 
(L) relq released., release• the OP ma«n•t stopping the upward !'DOveme1lt 
ot the 1elector and. advance• the sequence ■witch to position 5, 11th the 
1equence switch in po11tion 5. tu trip naagnet ('l'M') operates. 

9. GROQP SELEC'?IOft 

A1'ter hundred.a registration has taken place in the sen4er and wl th 
the sequence 1Witch ln position 5, the tu.ndamental circuit is again closed 
over leads :FT and FR operating the (LJ relay. fhe (L) relay operated. la) 
locks thru cam ?-l a1:d over the fundamental c1rou1t (b) operates the UP 
magnet ror group selection. TM trip ugnet (T!!) bein~ operated in poai­
·tion 5 to 7 causes the preTlously selected ~et ot brushes to trip as the 
selector ?DOTea upward. Ground is 1-ntermittently connected to the !1T 
lead by the B eomnutator, causing the atepping relay to release .an~ re­
operate Wlt11 the proper group as been selectecl, ~'hen sufficient im­
pulses have been sent back t.o 1atls1'7 the sender, the f'lmda.'llental circuit 
ia opened. releasing the (L) rela7. The (L} relay release4, releases the 
UP magnet tlm1 stopping the brushes at the selected group and advances 
the sequence to posltion 7. The (L} relay re-operates in poaition f thru 
_its aecoudaJ7 winding to gro'Qllcl on c• :.a and adT&DOes the 1equcce awitoh 
to po11 tion a. Should the ti rat tJ"Wlk ot the aeleoted. group be id.le, aa · 
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tlleraequence awitoh enters poaltlon 8, the lL) relay releases but should • 
tu tir■ t. truJlk ot the group be bu1:,, the (L) relay locks thru its ' prlmar7 
Winctlng to grow:i4. on the aleeYe o~ the buay tnmke 

10. mnnc":!mwTIJG 
!he (L) r elq held operate4 in position 8, operates the UP sgnet, 

cau•tnc , the ■elector to ·traYel upward. The (L) rel&¥ ia held. operated. 
between ~•l'lll1nal• thru 1 ta aecoudary w1ncUng to ground on the O coD111U­
ta tor• lhen u 141• trunlt 1• tound, the (L) rel&¥ releases there 11 
no· groat on tlle alNTe terminal. ~ (L) rel• released, releases the 
UP_ a-pet l atopplng the bl"llshes OD the eelectad trunk terninals and &d•&DC•• the sequence nltch. to politlon 9. The (L) relay released 
ground the alene of the trl&k 11111:tag it bus7 to other hunting aelec-

. tor,. 111 pod Uon 8 3/4 to 16 ~ the ·trunk 1s made busy by grou11d on 
c• 1. 

11. !!Ji'!LN2%IQJ BRQID 

11.th the sequence awitch in position 9, the {L) relay operates thn 
1h primary winding to gl'Olll14 on cam I. The (L) rela7 operated, looks 
o•er the ring to ground 111 the final selector and advances the sequence 
switch to positioJl 10. ln poaition 10 the tip side of the hnd&.'Dental 
oirouit la cl~•4 to the tip tensinal ot ·the selected tinal trunk tor 
seleotion beyond. 

12. T♦LJ!B!, 

wh9_9 tlw selection beyoud has been compl,ted. gt <:J i:..n,1 l :.. remo-ved from 
th• ring lu the final, releasing the{ (L} rel&¥• The (L) relay rel-.sed • 
advances the sequence ••itch to ·9081t1on 11, the A cam adTancing it to 
posi t ion 16 thereb~ connecting the tip and ring thru to the cord circuit 
tor talking. i'ith the sequence switch in poaitions 11 to 18, the high -
resistance Winding ot the (SL) rela; is short circuited, thlls operating 
a marginal _rela_y ta the cord circuit which connects talking battery to 
the t _ip and riag. 

13. SENDER Rl!:?+UP 

l'hen the 1eq1aace n1 toh leaves poal t1 on 10, the (-PLS) relay re­
leases, releasing ln tun the (IU!Lj, (P,, (OI), (Oiil ),g{fl~&l )&N-(TR) 
relays. The se11der ·11 D01r 41econnected troll! this olrcuite 

14. R!GQLAR DlSCODJCrIOj 

When the plug of' the sero co~d 1a remoYed tro!1l the Jack, the (SL) 
relay releases. The (l:L) .relq Nleased, advances the P. switch to 

--

-
-
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position 1s. In position 18, the down (D) magnet operates, returiaing 
the Hleotor brushes to normal. When the brushes reach the bottom o~ the 
frame, ground on the Y co!?!!ltltator advances the 1eque11oe 11'itch to nor­
mal. 

Should all tbe trt.mlta in a group be busy, the selector while trunk 
hunting ( in pos1't1on 8} goes to the top or the group and rests on the 
overflow terminals • .ts the sleeTe ot the overflow terndnals 11 not 
grounded, the (L) relay releases, releasing the UP ugnet and advancing 
the switch to position 9. Ground on·the Z ooll!mltator adTancee the 
sequence awttoh to pasition 12, the A cam ed.Tanoing it to poeit1o~ 16. 
In position 16, the Z coJD:Ctator adTances the nr1toh to position 17. 
In position 17, the fl60 or .fl49 interrupter and 600 ohm reaiatance 
are connected across the tip and ring thereby nashing the supenlsoey 
lamp in the cord. circuit aa an indication that all the tNnlta 111 the 
group are busy. When the plug of the cord 1a. Withdrawn trom the jack. . 
the (SL) relay releases and adTances the sequence switch to po■ition 18. 
From this point on, the switch and selector are returned to no:rmal as 
described in paragraph 14. 

16. mr«-T♦IiE 

17. 

Should the selector travel to the tOp of the frame during selection, 
ground on the X commtator advance, the switch to position 10. £& the 
ring 1• not connected thru to a ~in.al the lL) relacy- releases and ad­
vances the switch to position 11. ground on the :X- coDJllltator advancing 
it to po·s1t1on 17. In position 17,· the aupervlaory lamp in the cord 
circuit flashes and the circuit returns to normal ,men the plug ot the 
c_ord is withdrawn trol!l the jack aa described under paragraph 15. 

SELECTING A BUSY :till@ (JiRERI "IQ wr WTQRI IS USED.) 

Ir the operator desires to eatablllh a connection with a busy line, 
the 69-A 1111ltiple key 11 depressed, operating the (NT) reley. The (NT) 
relay operated, {a) locks in position l 3/4 to 11, (b) in position 10 
connect~ the secondary winding of the (L) relay and the 500 ohm resist­
ance .(F) in parallel with the pr1•r;y· w1nding Of the (L} rela:, which is 
locked over the ring to ground thru a marginal relay in the final. The 
marginal relay (F.B.X.) in the final, due to the low re1i&tance or the 

parallel combination, operates and oauaea the final to omit the busy 
test. ~'hen ground is removed trom the rlD(r in the final, the (L) re­
l•~ reles1es, adTancing the sequence awiteh and causing the circuit to 
rinction aa in paragraph 12. If "No Teat~ feature 11 not used omit 
• ,. regraph 17. 
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18. DISCOQBC,:191 MP9M QN«L IS QOlWLJDP . 

Should the plug of' the cord be withdrawn trom the Jack 1n an,y posi­
tion from~ to 17 or the sequence switch, the (SL) relay releases, ad­
vancing the awitch to position 18. the n1t'11 and Selector being restore4 
to nonaal as described under paragraph 14. 

ENG; J .c. G. 
January 26, 1S25. 
GO 

I CHK'D. BY: J.I. J.FF'D: H. L. wnras 
E.R.C. 

• 
J 
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(10 Pages) :page tfS. 
· Issue I · - BT-502173. 
January 20, 1922. 

THE ID,DJlST REQUIR~T-S SHOWN BELOW ARE_ FOR MUNTfflf'..NCE USE ONLY. 

178-AJ) 
(°ADV) 

178-AH 
(REL) 

:EE30 
(CI-1} 

__ (NTl 

E533 
( L) 
Inner 
wdg. 
( 1220 : 
ohmb: . 

OPERATE NON-OPERA-TE ." . . · ·· · RELEASE 

Special requirements to insure slow ·release. 
¥ter a soak .of (On open circuit). 
n.pproxi?ID.tely. 
.900 ump. 
F.ea.dj. .107 amp. 
Test .113 omp. 
w.c.c .• 640 omp. 
Hold: 
w. o.c .. 371 amp. 

NOTE: · To prevent cha~tering, the "lllDke­
before-break" spring combination . 
of this relay _shall be so adjust­
ed tho.t the spring whicb. normal­
ly m.1.kes on the back contact, will 
give the greatest possible contact 
pressure against t~ back contact. 

Special requirements 
Beo.dj •• 018 amp. 
Test .019 amp. 
w.c.c. · .041 amp. 

to insure slow release. 

NOTE: To prevent ch~t te ring• the "make­
bef 0re-brea.k'' s~ring conibina.tion · 
of this rel3¥ shall be so adjust~ 
ed th.::.t the spring which nonnal­
ly makes on the back contact, mll 
give the greatest possible contact 
pressure against the back contact. 

Beadj •• 013 amp~ 
Test .01'1 a-mp. 

w.c .c •• 021 <imp. 

Beadj • • 001 amp. 
fest · .0009 amp. 

Beadj •• 002 amp. 
Test .001 amp • 

Special requirerrant6 to insure £a st operation. 
Beadj o .or; a~-p. F.o:.mj •• 012 ampo 
Test ~01'?8 an1:p o Test .OlH .:mp. 
W .c .c. .o 18 ar.1po 
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CIRCUIT REQUIREMENTS 

. THE RFADJIBT :@),UIREMENTS SHQiiN BELOW _j@ !QB iilAIBTENANCE USE QfilX 

Outer 
Wdg. 
(800 
Oh.'11S) • 

- E:327 
(?IB) 
In.rier 

. Wdg. 
(500 
Ohms)• 

buter 
. wdg. 

(500 ohms). 

_?)328 
(Bl 

Ell73 
(CI-2) 

-
El205 
{TR} 
Inner 
wdg. 

El359 
(P)_ 

Test .045 amp. 
w.c.c . • 053 amp. 

N0N-0P:&~TE 

NOTE: Relay to be equ.ipped with special o.rma.ture stop 
(piece part 163914) unless an El reluy cover is 
fUrnished • 

Special Requirements to insure fast_· operJ.tion. 
Iea.dj •• 0145 amp. Beadj •• 013 amp. 
Test .015 Dmp. Test .0125 nmp. 
w.c.c~ .026 amp • 

Test .020 amp. 

Special Requirements 
Readj •• 0095 nmp. 

to insure fast operation. 

Test .010 amp. 
Read.j •• 0065 runp. 
Test .006 .::unp. 

w.c.c .• 075 amp. 
(Armature travel .015"). 

Bead.j • • 021 amp. 
Test .025 amp. 
w.c.c . • 029 amp. 

Beadj. .015 amp. 
Test .018 amp .. 
w.c .c. • 021 amp. 

Readj •• 017 amp. 
Test .023 ump. 
w.c.c. ,029 amp. 

Re/ldj • • 012 amp. 
Test .011 o.mp. 

IE adj • • 010 amp. 
Test .oo~5 amp • 

NOTE: To prevent chattering, the "IIlDke,­
bcfore-bl·eak:11 spring combimtion 
of t h is relay shall be so .:i.dj ust­
ed t ha.t the spring which normc::. 1-
ly ma.kes on the on.ck contact will 
give the grec1tsst poss ible c ontact 
p:..·es3\U'C against the b cJ.ck cont a ct. 

:Re..ldj • .002 amp. 
Test .0019 amp. 

, 

-·-
• 

. t 
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TH3 It'A,DJUST :REQUIREMENTS SHOWN BELOW ~ FOR MA.INT2NANCE J&E ONLY 

El370 
(CI} 

El439 
(SL} 
Im1er 
wdg. 
(34 
ohms) .. 

Wd.gs. :· 

i n series 
aiding. 

Readj •• 027 amp. 
Test .035 a1np. 
W.C .C. .043 amp. 

NON-OPERATE .REW.SE 

ReG.dj. 
Test 

Test requirement of inner ,,;inding is proportional 
to test r-equ.irements of vnndings in series. 
Re2,clj. ,.0'/11 .'.:l.mp. Readj. .050 o.mp. 
Tei,t .095 amp. Test .0475 amp. 
Hold: 
w.c.c •• 129 nmp. 

Test- .027 3.'!lp. 

w.c.c .• 032 amp. 

• 

.003 amp. 

.0015 amp. · 

ENG .---T?I: ML. 
2/20/22 • 

APPRQVED""' C ,L. SLUYTER, G.M.L. 
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