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ates ~Tit}1out I"efel'enD'i-J,' tc a.ny digit 
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25 no-r1-nlli"11t:1;ical trun.ki~g 

trun_k.in~ connect1011 rnav 
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the .l~tter to bl:; used Tor 
either cTi.rt~ct.ion~ but is also 

30 .. a-repeute:·
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ut en:Ch end """'"""''"' 
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trunkinrr s~ritch at" t11~ othe:c 
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called 1in2, Gr for the pnr1;ose of 
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22, transmitter 23, induction coil 24, ringer the armature and piuhger arlh will be held 
25, condenser 26 and impulse springs 27 and in this positiqn after the winding 48 is de-
28. The switch hook controls the substation energized; l;uif if the winding 49 is energized 
circuits through the medium of the cam arm while the armature 53 and plunger arm 38 

5 29 'and springs 30, 31 and 32. When the are in normal position, only the armature 70 
receiver is on the hook the arm 29 main- 53 will be operated, as the winding 49 is not 
tains spring 31 in contact with spring 32, as strong as winding 48. Although only 
thus bridging the ringer 25 and condenser one set of springs 40, 41, 42, 43 44, 45, 46 
26 in series across the line conductors 33 and and 47 is sho,vn, each line switct C is pro-

10 34. When the receiver is removed the hook vided with a bank comprising a number of 75 
• is forced upward by a spring (not shown), such sets of spi;ings, each set forming the 

allowing the spring 31 to disengage spring terminal of a trnnk line·leading to a selector 
32 and come into engagement with ~ring switch E. Each trunk is multipled through 
30. Ily this action tlie circuit of the ringer the corresponding bank contacts of a group 

15 25 is o:pened and a bridge consisting of the of switches C. The plungers normally rest 80 
• transmitter 23, primary winding of induc- in locking engagement with a plunger shaft 
tion coil 24, and impulse springs 27 and 28 (not shown) and through lhe medillin there­
is closed across the line e;0nductors 33 and 34. ·of are always· held opposite an idle trunk 
The impulse wheel 22 carries upon its pe0 terminal by the master switch D. • 

20 riphery the impulse teeth 35, and is secured The master switch D consists essentially 85 
to a shaft 36 to which there is also secured of a motor magnet 54 which operates tl_ie 
a dial (not shown) provided with .finger ratchet wheel 55, a bank of contacts com­
holes. When the dial is rotated forward a prising a number of individual contacts a 
certain number of teeth, corresponding to and one common segment 56, a busy trunk 

25 the digit called, are advanced past the cam relay 57 and a locking relay 58. The wiper 90 
• 37 upon the end of the spring 27, but with 59 i~ a~apted to always ~eep som~ one of 

no effect upon said spring. \Yhen the dial the md1v1dual contacts a m electrical con­
is released it and the impulse wheel are re- nection with the· common se~ment 56. By 
turned to normal position by a spring (not means of a suitable mechamcal connection 

30 shown). As each tooth passes the cam 37 the rotary motion _of the ratchet wheel 55 is 95 
• • <luring this backward motion the spring 27 transmitted to· the plunger shaft to give 

jg forced out of engagement with the spring said shaft a reciprocating mot_ ion to move 
28 to open the bridge across the line. the idle plungers back and forth in :front of 

The line switch C and master switch D the bank c9ntacts. T-0. the plunger shaft ~-
35 are of the general type disclosed in British there is also secured ·a cam _60 having in its 100 

Letters Patent No. 26,301 of 1906, and in surface a number_ .of circular . openings 
the W eBtern Electrician of Chicago, Illinois, which are engaged by the pin 61 on the 
of January 25, 1908. As here shciwn, the armature ·62. The openings in the cam 60 
line switch C consists essentially of a plun- are so spa<;ed that the p.in, .61 can engage an :z 

40 ger (not shown) attached to a plunger arm opening only when the plungers that are in· 1&5 
38, and a magnet 39. When the plunger locking engagement witll_ the plunger shaft 
urm 38 is attracted by the magnet 3!) the are directly in :front of' a trunk ter111inal. 
plunger is forced into a bank of springs an~, , The selector switch -E ii; of the general 
forces the springs 40, 42, 44 an~ 46 into ·Jyp,e u.isclosed in United States Letters Pat• 

45 contact with the springs 41, 43,. 45 and 47, ent JI{/';. 815,321, granted March 13, 1906, to 110 
respect!vely .. The mag_net ~9 i~ composed of Keith, ;Erickson and Ericksop, but. as h~re 
four wmdmgs, a pull-m wmdmg 48, a cut- shown 1s adapted to operate m con1unct10Ii 
off winding 49, a line winding 50 and an with a two-wire system~. t\,, a system in· 
auxiliary winding 51. The magnetic circuit which there inio ~round at the substation. 

50. of the windings 48 and 49 is separate from Among other details tbe ~lector comprises 115 
that of the .windings 50 and 51. The pull- a set of wipers 64, 65 and 6~- ca,rried;13,po11 a. 
in winding 48 is for the purpose of 11,ttract- s~afi (not shown) which ha,~ a vert,ical.mo-
jng the plunger arm 38,to force the plunger t10n controllecl by the vert).cal magnet 67 
~nto the bank. The circuit of_the winding.48 and a rotary motion CQntrolled)y tli,~ ro-

55 1s controlled . by the callmg. _subscriber tary ma.gnet 68. Th~ usu11l s1dE1 switch, 120 
through th·e__ medium of t~ie ~ine windin_ .g 5. o c_ o_mprisin_g the w_iP_ e~s· 69 __ , 69_·. ,~, .. 1 __ 1_ an,d 7~ is_·. • 
ri.nd armature 52. The wmdmg 51 J?revents 'Controlled by the prtvate magnet 7.3. The . 
the armature .52 from .falling back 1m:medi- . operation of the awitch. is cob.trolled by the 
!1-tely 11pon the, deel)-et·giz~tion o~. ~he· -:Wind- calling supscriber ~hrough the :medium of 

GO mg 50. The- cut-off wn)d.mg 4~ ts prov1ded the double-"'.ound hne relay 70., Tiu! release 126 
for the purppse of hold mg the plunger:ann .ma,gnet 74· 1s normally d1sco~mected from 
38 in an op<;rnte_d positio:p. and for operating· the t,attery by the separatiori'of, springs 75 
the cut-off armature 53 .. If thewinding. 49 and 76, which are held out of engagement .. 
is energized whi_le the armature 53 and plun- by the arm 77 as long as the switch shaft is 

6ii ger arm 38 ~re in an operated position, both • in its lowest position. . The relays 78, 79 iaq 



and 80 am relays that cteenergize slow:ly 
after their energizing circuits have been 
broken. The selector is provided with the 
so-called connector release---i. e., the mech-

5 anism is restored immediately upon the en­
ergizntion of the reJease magnet rather than 
by its deenergization, as shown in the said 
selector patent. 

The repeater F is adapted to receive im-
rn pulses from the substation and to repGat 

them ove1· the trunk conductors to a distant 
exchange. Among other details the re­
peater comprises a double-wound line reiay 
81 which is similar to the relay 70 of the se-

15 l~c,to~' E. A slow-acting relay 82 is pro­
vweci to open the circuit through the re­
peater whil~ it is operating, The repeater is 
normally disconnected from the trunk, but 
is connected therewith by the relay 83 as 

20 SOO::1 as a Selector switch engages the termi­
mds of that trunk. The impedance coil 84: 
is T)rovidecl for the p· urnose o£ furnishing a 
-: .-, l . ' "' 
onctge across tie lme to prevent the 
mvitcbes of the second exchange from releas-

25 ing, and yet forms a barrier to prevent the 
talkinr.r currents from·passing from one side 
of the ~line to the other. 

The connector I (Fig. 3) is of the gen­
eral tyne disclosed in United t;,tates Letters 

::io I'ataic' :;'¢815,176, granted :i\fa,.·ch.·13, 1806, 
to Keith, Ericboon and Erickson, and, like 
tlrn selectors, is modified to operate in a 
t\,:70-1rire systern. tfhe gen2ra1 features of 
the connector are very .::imilar to those of 

i 5 flrn scl ectors. the main difference between 
them being in the cii-cnits. The connector 
is nrovic18cl v.,~ith n, doub1e-viound back­
orirlge relay 85 through v,hich the called 
substation may lx, provided with talking 

·ifl battety cmTN1t. A ringer nJay 86 is pro­
~.-ided for the purpose of connecti11g the 
rinr.:n· genemtol' L with the called line after 
con.rwetfon has been completed therewith. 

In order to give a clc:'m.,r und.erst::mding 
,; r. of mv inYention I ,,,;i]l describe the com­

plete ·operation of establishing a connection 
between substations A and A'. The num­
ber of the substation A' will be assumed to 
be 22:20. 

,17hen the l!ook S'\vitch springs 30 and _31 
come i.nto engagement upon the removal of 
the 1·eeeiYer rtt substation ;}L, -~1, circuit is 
closed through the line ,v.indin~ 50 of the 
line switch C. The circuit extends from 

:;:, g1·01n1d {J' through springs 87 and 88, line 
c:omiitetor 33, substation springs 31 and 30, 
impulse springs 28 nnd 27, primary winding 
of indnction coil 24, transmitter 23. line M. 
springs DO and 89, thence throngh the ·, ;nd~ 

•;,J ing i')O to battery lead 100. The winding 
iSO, u ron enet-gizing, attracts • the armature 
02! which operates to close a cfrcuit through 
the null-in winding Lb8. This circnit ex­
tends from gronnd" G' through springs 87 

"·' anµ winctings-48 :rnd 51, contact point 

03 ·and armatu1·e ~2 to the ~batterv 1er.,d 100~ 
The_ winding 48, upon energizing, ope.rates 
to draw down the plunge1· arm 38 ahd cut­
off arm:;,ture 53. In its attracted position 
the armature 58 forces the springs-88 and 70 
00 out of engagement with the springs ST 
and 89, respectively, and forces the spring 
90 i~•~)Jo engagement ·with spring Dl. 'fhe 
engag;cment of springs 90 and 91 is without 
function t,t this time. The disengagement 75 
of springs 88 and VO from springs 87 an<l 
89 disconnects the. gromid G' and winding 
50 :from the line conductm·s 33 naicl 3±. The 
armature 52 does not :fall back immediately 
upon the dcenergization of wirnling 50, but 80 

ren~ains l:.eld l;p fo\ an _ins~ant _})y ~the c1!r­
ren-G :fimnng tnrongn ·wmdmg ;;l m senes 
wit!1 winding 48. "\Vhen the plunger 11.1;111 

38 1s attrnctccl by the magnet 311 it operates 
to force the plunger into the bank and to 85 

force sp1-ings \H and 05 into engagement. 
The engagement of springs £H ancl t,5 short­
circuits the winding 51, thus cnusing the 
said winding to dccnergize slmvly to a.\low 
the armature 52 to foll back. "'\Yhen the go 

armature 5:~ returns to normal position it 
breaks the circuit of the ,vinding 48, allow­
ing. it to deenergize, not, however, before 
~he winding 4-9 has been energized as fol­
lows: "\Yhen the bank ·spring3 40 and Lt2 arP 95 
forced into engngemerit ·with the springs 41 
and ,rn, respectively, the line connection is 
extended to the selector E, cimsing i.ts line 
relay 70 to become energized. The energiz-
ing circuit of relay 70 extends :from 100 
gl'ound G2 through winding SJ{\ side switch 
wiper 6l)~, bank springs 43 and 42, thence 
over 1ine 38 to and throngl1 snbstation A 
and back over iine 3-4, tl{rongh hank suri.ngs 
c10 and 41, side switch wipf}!' 69 ,md 'wincl- 105 
ing H7 to ·battery lead 1()0. The relay '!O, 
upon energizing, forces spring GS into en. 
gugement with spring- 1011 thereby- dosing 
an energizing circuit extending from 
gl'◊nnd G3 through the rela~(78 to the bat- 11c 
tery lead 100. The reiay 78, upon energiz-
ing, shifts the spring 103 01:t of engagement 
'.vith the spring 10:J and into contact with 
the spring 10±, and forces tho spring l(fa 
into enrravement ,vith the sprin0: lOG. 'f11e 115 
0ngagell1e{it of sprjngs 10,) nnd ~iOG clostS ft 

cl1:cuit extending fro.m grr,nnd (_x~ tl_n·ough 
relny springs lOS a:ncl 10fi, bank springs -liS 
nncl 21:4 and winding ,w of magnet ~D to bat-
tery lend 100. This circuit is closi'd tlm',n.2:h lZO 
th~ wi.nding 4-!:l before the windins:; -hS is cle­
energized, and ser-1/·es to n1ainta1n~ the a~·n1a~-, 
tnre 53 and plunger arm 38 in theil' operate<l 
positi~ns. By _tl!e _oper:,tion of rel~.v, 7S ,, 
grnnnc: potentrn.1 1s also extern1cn from 125 
gmnrnl G··' through the bank springs '±0 nnd 
L14, rrnd oyer the private nm·ma1 c:ow1nctor 
107 to the connBctor pi'.ivii.te h:ink cont.lets 
• of the calling line. This grnnncl potential 
•'1t the connector pfrvute bimk contacts pre- 130 



vents t'!ie busy ~in~ from being seized for 
connection. by said connectors over the con-
ductors 108 and 109. . . 

When the bank springs 46 and 47 are 
5 forced into engagement by the line switch 

plunger· an eni:irgizing circuit is closed 
~h!ough the busy trunk relay 57. ·. This cir­
cmt extends from ground G5 through bank 
springs 46 and 47, master switch bank con-

10 tact 110 (which corresponds to the trunk. 
seized), wiper 59, .segment 56 and .relay 57 
to battery lead 100. The relay 57, upon 
energizing, operates to close a ·circuit ex­
tending from ground G6 through the lock-

15 ing relay 58. The relay 58, upon energiz­
ing, withdraws the pin, 61 from the opening 
in the cam 60 and closes an energizing cir­
cuit through the motor magnet 54. • This 
circuit extends :from ground G7 through 

20 magnet 54, int~rrupter springs 111, contact 
point 112 and armature 62 to battery lead 
100. Since this circuit includes the inter­
rupter springs 111, the motor magnet 54 will 
continue to operate in a manner similar to 

25 that of a buzzer as long as the armature 62 
engages contact point 112. The continued 
operation of magnet 54 rotates the ratchet 
wheel 55 to move all idle plungers that are 
in lockipg engagement with the plunger 

30 shaft away from the trunk just seized. 
,vhen the plunger shaft has moved a short 
distance the wiper 59 passes off of the ·con­
tact 110 and allows the relays 57 and 58 to 
deenergize. The armature 62 cannot fall 

35 ba~k immediately upon the deenergization 
of relay 58, because the cam 60 has also been 
moved and the opening formerly engaged 
by pin 61 has been moved out of register 
therewith. The master switch will then con-

40 tinne to operate until the next opening passes 
under the pin 61, when the armature 62 will 
be al-lowed to drop back to open the circuit 
of magnet 54 and to lock the plunger shaft, 
with the isl le plungers standing in front o:f 

45 the nexf ·liMJnk. If the first trunk after the 
one seizul by the line switch C had been· 
busy, however, the wiper 5Q would have 
found the col'responding contact grounded; 
consequently the relays 57 and 58 would 

60 have remained energized while the next 
opening was passing under pin 61 and the 
plungers would hu,ve been moved past the 

• busy trunk to an idle one. . During the time 
the master switch 1s operating, the ~ma-

56 ture 62 is disengaged from the contact point 
93 and springs 113 and 114 are allowed.to 
enga~e. By this arnngement the pull-in 
windmg 48 of all switches which are con­
trolled by the master .,witch D are discon-

ao necte.d from battery to 11revent the operation 
of any switch while its l'lunger is in motion, 
and any. subscriber attempting to make a 
call at this-time will rece:ve the busy signal. 
The busy signaling current passes from the 

61> machine M',.through the wi.ndings 51 and--48 

to ground G' if a subscriber attr~pts to 
make a call when the master switch is ro­
tating. •. The current passing- through wind­
ing 51 produces ari induced current in. ~d­
ing 50 which ~s connected ~ith ~he line .. : , ' ?O 

The foregomg.ar~ th~ operations that fol­
low immediately upon the removal of the·~ 
ceiver at the calling substation and before 

:the calling device is operaj;e:d ;for the firsli 
. digit. When the substation· calling device is 75 

operated for the first digit 2 • the bridge . 
across the line conductors 33 and 34 '1 is 
ope?,ed twice by the separation _of impiilse 
sprmgs 27 and 28. The opemng of the . 
bridge ·across the •line momentarily bre• so 
the energizin~ circuit of the line i.;elay .70 ~f. • •' 
the selector E. The relay 70, upon dooµer:: • 
giz~ng, per~ts the sp~ 98 to ~gage • · 
sprmg 101 and engage sprmg 99 ... S:iµce the .• 
relay 78 is slow acting it does not have time 86 
to deenergize during the momentary opening 
of its circuit by the springs l}& . and lOL 
The engagement of springs 98 • and 99. c:loses 
a circuit extending :from ground G11 through . 
springs 98 and 99; ~03 and 104, privat.e ml}g- 90 
net relay 79, vertical magn1;1t 67 and mde 
switch wiper 11 to battery }Elad 100. Since 
the digit called is 2 the vertical magnet re-
ceives two impulses over this circuit itnd . 
operates to raise the shaft wipers 64; 65 and .95 

• 6G two steps to a fosition opposite the sec­
ond row or level o ·bank contacts. The p:ri-
,·ate magnet relay 79, which is included in • 
the energi~ng circuit of the vertical magnet, . 
is enei•gized by the first impulse, and, being {oo 
a slow-acting relay, remains energized until 
all the impulses for the first digit have been 
delivered. The relay w; upon energizing, 
operates to. close a circuit extending Jrom 
grouri,,d G8 through_ springs 115 and 116 and 105 
private inagr,.et 73 to battery lead 100. When 
the relay 79 .. deenergizes after the last im-

. pulse has been delivered to .the vertical mag­
net, this ener~zing circuit through the pri-
vate magnet 1s broken, allowing said mag- 110 
net to deenergize t0 trip the side switch :from 
first to second position. The movement of 
side sw~tch wiper 71 from first to second 
position disconnects the battery from the 
vertical magnet 67 and closes a circuit 115 
through the rotary magnet 68. This circuit 
exte:t;ids from ground G2 through interrupter 
springs 117, rotary magnet 68, relay" 80, con-
tact point 118 and side switch .wiper.,...71 to 
battery lead 100. The rotary 'magnet ener- 120 
gizes upon the completion of this circuit and 
attracts its armature, which operates to ro-
tate the wipers one step onto the terminals 
(If the first trunk of the second level,to press 
,pown the ai;mature of the private magnet 73, i21> 
and to open the circuit of its own magnet at 
the interrupter springs 117. When the ro-
tary magnet cii;cuit is thus opened Its arma-
ture falls back and, if the first trunk is not ~.:. 
already in use, the private magnet armaturei'l.30 
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ti~~;~ ~1t:~hii~a~ 
potr.ntiat for the 

123 has ti1ne to 

65 

the con!1e1-:~-t.ion 1s fir,st con:_pleted 70 
Y1lLh .t}t2 ]T. and ground is connect-

(ib.<:, nriv1.1.t~ bnnk contuct ,vblch is 
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the impedance coil 84 to prevent its inter- operation of the vertical and rQtary m;1g­
ference with the operatio1 of the switches at nets. When the side switch wiper 168 en-. 
the other exchange. gages its third-position contact point a 

When the substation calling device is op- guarding potential is established at the con-
15 erated for the second digit 2 the repeater F nector prwate bank contacts of the called 10 
' operates in the manner explained to repeat line, and an energizing circuit is. closed 

two impulses over the conductors 130 and · through the cut-off winding 169 of the line 
131 to the selector H. The selector H op- switch C'. This circuitextends from ground 
erates in the same manner as the selector E -G111 through side swit.ch wipe!,' 168, springs 

10 to extend th~ connection over the trunk con- 170 and 171, private wiper 167, private bank 71'i 
ductors 146 and 147 to the connect.or I. contact ~72 and cut-off winding 169 t.o bat­
When the connection is thus extended to the t.ery lead 160 .. , The winding 169, upon ener-. 
connecto.r the line relay 149 and release re-· gizing, operates to disoonneet the swit.ch C' 
lay 150 are energized and operate to close from the lines of substation A and to con-

15 • a holding circuit through the release relay . nect the line 173 with the ,connector· bank so • 
151 of the selector H in the same manner contacts over the.normal conductor 175. 
that .the relays 81 and 125 of the repeater When the side switch wiper 158 of the eon­
closed a holding circuit through_ the relay ·nector,passes from the second to third posi-

. 78 of the selector E. . '·'tion it disco1µ1oots the battery from the ro-
20 When the sub~atio~ C:J,lling devi~ is op- . ,tary ~gnet 164 and close~ a c}rcu~t through 86 

· erated for the third digit 2 the repeater F the nnger,.relay 86. ThIB circuit extends 
operates to repeat t:wo impulses to the line from ground G".,through the interrupter 
relay 149 of the connector L • Each time the 116, springs 177 and 178, relay 86 and side 
relay 149 deenergizes a circuit is closed ex- switch wiper 158 to battery lead 1~. The 

26 tending from ground G1a throqgh springs relay 86, UPQn energizing, operates to dis- 90 
152 and 153,154 and 155, private magnet re- connect the calling and called lines and to 
lay 156, vertical magnet 157 and side switch- • bridge the ringer generator· L •• across the 
wiper 158. to battery•lead 160. The vertical called. line. Since tbe·.circuit of the ringer 
magnetreceives tw9 impulses over this eir- relay 86 includes the interrupter 176, the 

so cuit and operates to raise the shaft and said relay is energized only intermittently 95 
wipers two steps.- The relay 156 is ener- so as not to ring the bells at.the called sub-
gized in series with the vertical.magnet and ,station continuously. •• , •• •. . .. 

· . operates t.o close a circuit from gr<>und GU. When the called subscriber removes his 
through springs 161. and 162 and priva~ :receiverJfrom the switch hook, or as soon 

a.s. magnet 163 to. battery lead 100. •• The relay thereafter as the ringer relay 86 doonerwzes, 100. 
156 is slow acting,. like the relay, 79 of the if it happens to be energized at the time, the 
selector. E, and does not have time to de- called substation is provided with talking 

. energize until after the last impulse has been current. · The path over which this talkin~ 
. delivered to the vertical i:nagnet, when the : current flows extends from ground G11 

40 sa~d relay operates to open the _circuit of the_ through_ windiI1g 179 o_f the back-bridge _re- 1u5 
pnvate. magnet 163. • . The private magnet lay 85, rmger relay sprmgs 180 and 181, side 
thereupon deenergizes and causes the side switch wiper 182, shaft wiper 166, li,nu 174, 
switehtopa.ssto_sooon~posi~on:. Themove- springs 18:3.and 184 (~yhich are closed by 
ment of side sw1t.ch wiper fo8 from first to the removal of the receuer from the hook); 

45: sPr>ond· position traru.feis the battery con- thence through the substation· impuL<,e 110 
. ru;, .;i • 11 from ·the vertical magnet 157 to the springs, primary winding of. the induction 

,i,ota1.i magnet 164:. . . . • • . coil, transmitter, and. b.ack over conductors 
• When the calling device is operated for 173 and lW, wiper 16';'.lt-side switch .wiper 
the la.st digit 0 ten impulses_areTepeated to 185, relay 'spijngs 186 and 187 and win~ing 

60. the ~nnect.or I. . The operation of the relay 188 of relay 8.>,, •the battery lead 160. • Smee 115 
149 in response t.o these· impulses serves to both windings <,'f relay 85 are included in the 

. transmit ten impulses through the relay 156 circuit just tra<;e<I, the sai1 relay energizes, 
an,d rotary magnet 164 in the same manner and by separatmg the sprmgs 177 and 178 
in whi~h the previous impulses were trans- p_revents the further energizati~~ of the 

li6 mitted to vertical magnet. The rotary mag- rmger relay 86. 'J'.he two subscribers m.ay 120 
net 164 operates to rotate the wipers ten now carry on :m unmterrupted conve~satlon 
steps while the relay 156 operates in the over the heavy conductors shown m the 

· same' manner as for the previous digit to drawings. . . ~ . 
close the circuit of the private magnet 163 After a corn-ersatlon 1s completed the cen-, 

110 and to open it again after all the -impulses tral office arparatus is rel~sed by the return 126 
• • are delivered. Tl,is operation of the private of the receiver t.o the switch hook at the 

magnet causes the side switch to pass to calling substation. ,irhen the receive,: :at 
third position, thus extep.ding the connection the substation A is repla<:ed. upon the;switeh • 
to the line #2220 upon whose terminals the , hook the consequent sepa~3:tion ?f snrmgs 30 

es wipers 165 and 166 have been placecl by tlio·· 1md 31 breaks the energmng eircu1i of the 130 
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relay 81 of the repeater F. The relay 81, bank of each connector v:hich has access to 
upon deenergizing, opens the bridge across the line. Consequently, at the instn,nt the 
the trunk conductors 130 and.131 and breaks CQmlector wipers are rotated onto the con­
the energizing cfrcuit of the relay 125. The tacts of a busy line, 1t circuit is cl0sec1 ex-

5 relay 12ii deenergizes after a short time and tending from the gQarded. private bank con- 70 
opc11s the circuits of the cut-off relay 83 and tact through the private wiper 16'7, springs 
of the reJease reh,, TS of the selector E and 17.1 and 170, side switch. TI"iDer H\8, contact 
cuts o:ff the gromid fo~m the conductr,,r 12!} point 193, contact point 1D4, side s:witch 
leading to the cut-off winding of the line wiper 185, ringer relay springs 186 and 187, 

10 switch which belongs to the trunk conduc- an:d winding 188 of the relay 85 to battery 75 
tors 130 and 131. Wl1en the release relay 78 lead. mo. The relay 85 cnE>rgizes upon the 
of the selector E deenergizes it breaks the closure of this circuit: and, by forcing the 
holding uircuit of the winding 49 of the line spring 195 into engagement with the spring 
switch O :i.rrd closes an energizing circuit 196, closes a locking circuit through the 

15 th2·m,gh the release magnet 14 of the selector private magnet 163 indepeildent of the relay 80 

E. The deenergization of the winding 49 15G. This locking circuit extends from the 
allows the plunger of the line switch C to grounded bank contact to the contact point 
be nistorld to normal position, thus discon- 193, as before traced, and thence thro~1gh the 
necting the lines 33 and 34 from. the selector spr~gs _196 and 195 and through the mag-

20 E. The circuit which is closed through the net 163 to the battery lead 160. '\Vhen the 85 

release magnet 74 of the selector by the de- private magnet relay 156. deenergizes1 with 
energization of relay 78 extends from, the private· magnet thus locked, the side 
ground G3 through springs 98 and 99, 103 • switch. remains in second position and a 
and 102, mr,gnet 74 and off-normal springs circuit is closed extending from ground G14 

25 76 and 75 to battery lead 100. The magnet through the springs 161 and 197, 198 and 90 

H, upon energizing, operates to immediafoly 199 -and :relay 200 to the battery lead 160. 
release the mechanism of the selector to The- relay 200, upon energizing, 'disconnects 
allo,v it to be restored to normal position. the rotary magnet 164: • from the impulse 
As soon as the s,vitch shaft reaches its lowest !3pring 153 and shifts the holding ground of 

30 position the s1irings '/5 and 76 are separated· 2·elay 85 and magnet 163 from--the private 95 

to disconnect the battery from the magnet hank contact to ground G18 to prevent the 
74 to nllmv it to c1eenergize. completion o:r the .connection in cn.se the 

The opening of tlie bridge across the trunk gmirding ground should be remoYed. As 
lim,s 130 r,nd 131 by the deenergization of long as.the side switch thus remains locked 

35 the repeater l'elay 81 allows the line relay 149 .' in second position the calling subscriber re- rnc 
of the c0nnector I to deenergize to d!;)stroy ceives. a busy signal over a ci.rcuit extending 
the holdir!g circuits of the refaase relaJs I50 from the batt,;rv lead 160 thron.<!h the l1usi' 
an<l 151 of the switches I and H, respec- m:whine M, private magnet springs 201 Lrn~1 
frvely. The 1·eluys 130 and 151, upon de- 202, contact point 203, side switch wiper· 

40 ener·gizing, complete the energizing circuits 182, ringer relay springs 181 and 180, con- I05 

of the re(ellse m::ignets 189 and 190 o:f their denser 204. thence over the heavv conductors 
respecfrre s,vitches in the _same mann~t' as shown in. :B'igs. 2 and 1 to and through snb­
o:s:phcined for the selector F. The rela:y 151, sfai,tion A and back over the other side of the 
up:m de,;nergizing1 also breRks the energiz- line, thence through the upper winding of 

45 ing circuit of the holding wi.nding of the the connector line relav 149 tc the startii"lr; 110 
line switch C2 and removes the gur,rding po- point. The s'Witches-arc released from th1s 
tentinl from the conductor HO, v/hich leads position oy the hanging up of the receiYer 
to the p:0 in1.te bank contacts of the selector ,-t- the cn,lling substation m practically the 
s-1Yitches ·which have access to the trunk, /same 1m:nner as when a complete connec-

50 oYel' the conductors 191 and 192. The sle/ tion is established. ll6 

energization ,of the cnt 0 orr winding of the Wl1en the trnnk lines 130 and 131 ure used 
s,vitch C2 dknYs the said switch to be re- to extend a connection in the opposite direc­
stol'ecl to normal position, rrnd rJJ the ap- tion, the operation is id_entic:il with that 
pi:cr,ctus employed in the e0nnectfon is ready ahove exphined, except that the repeater r.t 

55 for anoJ:hcl' call. the right-hand end of ti.le trunk and the line u:o 
Tlrn forego.i.ng is an explanation of the switch nt the left-hand end are used in­

mfl,nner in .-,hieh connection 1s conmlet'°d stead of the repeater .F ·and line switch 0 2 • 

·with an idle line. It will now .be e~,;:ph,inecl It is always the repeater that is situated in 
how the calling subscriber is given the busy the exchange in which the can originates 

60 signal in case the line ca,lled is already in that is used. 125 

. use. It has been seen that whenever a li..n.e Fr?m the fo,rei:foin_g it_ will be seen th~t ~ 
is busy, eitlrnr by-reason o:f baving made a p:ro-v1de a trnnK hne navmg a non-numenc:11 
call or by b.aving been culled, there is pres-, trunking switch at each end thereof, and 
ent a gu;1rding ground potentin.l upon the that ench switch is controlled by a repeater. 

61.i corresporn:Eng pri'l'ate han.k contact_ n1 'the :\JJ';referably these~repeaters are allotted to the 13G 



trunk line and' I~t.ed at oppomte en~ · swit.ch at the. other end thereof, each swi~h . 
thereof. In this way the repeater at one end adapt.aj. .t<> automatically e~tend a trunking • 

, of the trunk line. may· be controlled to oper- eonnec,iion from said line fa the direction of 
, ate the non-numerical trunking switch at the · .. the called ·subscriber, numerical. trunking 
0 other end of said line .. In a similar man:- swit.ches for seizing either e~d of said trunk 70 
• ner the other i:epeater · arid· non-numerical,.; -line, an:d instrumentalities operative to ren­

trunking ~it.ch may be contr~ll~ to extend :~er both ends ofs~id ~runk line busy when . 
a connection:. over the trunk lme m the op- either end thereof 1S f!eize.d, 
posite direction. • The arrangement is sn,ch, 6.;'In a telephone system, a set of two-way 

10 as explained,. that the operation of_ the re- • trunks, .a set of non-numerical trunking 76 
• peater at one end of the trunk line does not switches: for the said trunks at one end 
disturb the normal condition of the trunk- thereof,. a master switch for said set of . . 
ing swit.ch at t4e same end.of the trunk line, • trunking sw~tches, repeaters for· the .said· 
bitt. simply controls the .switch :it t!ie o!her trunks~a.daPtM ro cc,n~ol sai4 switches, a!l-

15 end thereof. : ~en the trunk fyie .JS seize4 other $d
1
of non-numen~ switches for §3,ld • so. 

• at one end' 1t IS then automatically made trunks at the ·other end thereof, and another 
busy at both ends thereof, so that any oth~r master switcb; for said last-mentioned ·set of 
calling subscriber must then use some other trtµikirig switches. . •. . . • • • 
trunk. The repeaters, it wilLbe seen,, con~· ... r. In a telephone systan, a trunk line, an-

20 trol the operation of the. non- numerical . other. ~ line, a non-numerical trunking 86 
trunking switches for extending calls, and switch for automatically. ~ one 
also control the release of the connection trunk:Jine with the other, .niearudncluding 
after the su.bscribers are through· talking. a repe$r for COJ1trolling said $Witch oyer a 
. What I claim as my invention is:-:- . co~plete metallic line circuit, and automatic 

25 1.. In a telephone system, a two-way trunk means for seizij,g. either: .end, of said rust. to • 
line, a non-numerical trunking switch for mentioned bmlk line.: • •. ,, . . . • . 
each end of said line, a repeater at one end . 8. In· a telephone :syst,em,· a tinnk line, an • 
of said trunk line adapted t.o control the automaticswi~h

0
_for,:seiz.in,f one:erul of said 

- switch 9:t the other end thereof, :md trunks, ~ ~ ~ tt,Jnlc line, a.-n~n-pl]Jller-
so each switch· adapted to automatically select. 1~ trnnkmg. • g Slfl~ for automatrea,Ily eon-, .11 

idle t~. • • .riecting the .first trunk li~/with the"secomf •• 
2. In a telephone system, a two-way trunk tnw.k -line, the first .~ line having '.a 

line, a.. non-nu~e17cal trunking S\vit,ch for· re~t.ei- for. oo~tr91.ling_: sa~d tfflll1¥g 
each end bf said line, a repeater at .one end switch, means for snooeseively ~trolling 

ss of said trunk line . adapted to. C()ntrol the • said switches over complete ·meta1lie line ioo 
switch at the other end thereof, instrumen- . circuits, and means for·automaticallycsew- ·'\ 
t:ilities operative to make eith~r e~d of the ing th~ other end , of said first-~tio~ , _ 
line busy when the other end IS seized, and trunk line.. . , ·. , . . .... . . • • · • . • 
trunks, each switch adapted to automati- 1 • 9. In, ~ telflphone syst.em, !I ,two-way~ . ' 

40 cally select idle trunks. ' line,; sw1tclies for ·ant?Jl);t'ieally: ~ 101 
. 3. In a telepho~ system, a .t~o-way trunk ~nn~tion"from eitherjij<J,_" _thereof .iJi-·t¥· .•. 

lme, a non-numerical trunking switch for direction of the called ~l>er, au.toma#C ... 
each end of said line, a repeater at one end swi~ for seizing eith~end of saitJ;~ < 
of said trunk line adapted to control the line, and llleatl$ incluiling'iepeate.rs fo.r.'ooi-

45 switch at the other end thereof, each switch trolling said switches ovet i;omplete' m~,,; :UO 
adapted to automatically extend a trunking . line circuits. • . . .. . . . . , • • ·.· }, ~ 
connection from said line in the direction • . 10. In. a t.elephone system, ~. two-w~y. •• 
of the called subscriber, numerical trunking trunk line, automatie. switches for ext.ending 
switches for seizing either end of said trunk connection· from either· end ~ereof in· the .. · ... 

50 Iine,.a11d instrumentalities operative to ren- direction of'.the called silbscriber, repeateri 111 
der either end of said trunk line busy when for said trunk lliJ.e adapted to control said . • 
the other end is seized. •. swit.ehee, other automatic switchesfor seiz-

4. In a telephone system, a two-way trunk ing either end ·of said trunk line, and means 
line, a non-numerical trunking swifuh for by whjch all of said switches are ,oontr,olled • 

55 each end of .so.id line, a repeater at 'one end over complete metallic line circuit& • HO 
of said trunk line adapted t.o control the 11. In a telephone system, a. trunk line, a 
switch at the other end thereof, instrumen- first selectAlr .operative in accordance· with 
talities operative to make both ends of said • 'the first digit of the called number to seize 
trunk line busy when either end thereof is one end of said trunk· line, a second selector 

60 seized and trunks, each switch adapted to operative in accordance with the &300.lld 125 
autom'atically select idle trunks. digit of the called nµmber to extend the 

-.5. In a telephone system, a two-way trunk connee.tion in the di.rection of the called sub­
lirie, • a non-numerical trunking switch for scriber, a ~on-numeri.c~l tru~I{ switch 
each end of said line, a repeater at one· end for automatically exte_n dmg connection from 

65 of said trunk line adapted to· control the the said .trunk line to the second selector, 130 
- • ;- - j 
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and means includ1ng repeaters wher~by said for each end of said line, a repeater for each switch and second selector are controlled end of said trunk line, each repeater adapt­o'i'er complete metRllic line circuits. • ed to control the switch at the other encl of 12. In a telephone system, a two-way the trunk line, each switch adapted to auto-5 trunk, an automatic switch for including matically extend a trunking connection 70 said tri.mk in a calling connection in one from sai<l line in the direction of the called direction, another automatic switch for inc subscriber, .numerical trunking switches for eluding sai.d trunk in a calling connection seizing either end of said trunk line, and in the other direction, an. automatic switch instrument.alities operative to render both 10 controllable over the two sides of the trunk ends of said trunk line busy when either end 75 line in series for completing- the call in one thereof is seized. direction, another antomatic switch con- 19. In a telephone system, a set of two­trollable over the two sides of the trunk line way trunks, a set of non-numerical trunk­in se1·ies for completing- the call in the othe1· -ing switches for the said trunks at one end 15 direction, and a repeater for one end of said thereof, a master switch for said set of 80 trunk. • trunki~g sw~tches, anoth~r set of non-. 13. In a telephone system, a. two-way numerical switches for said {rul1k,;,.{ at _the trunk line, nn nntomatic _switch for extend- other end thereof, another master: s,vitch ing connection from one end of said trunk for said last-mentioned set of ti~unking 20 line, another automatic switch for extend- switches; and a repeater for .each end of each 85 ing corinectioi1 from the other- end of said trunk adapted to control said switches. trimk line, each switch controllable over the 20. In a tek:phone system, a two-way two sides of the trunk line in series, and a trunk line, switc];i'es for automatically ex­repeater for one encl of said trunk. tending cpnnecti01i, :from either encl thereof 25 14. In a telephone system, a two-way in the direction of the called subscriber, 90 trunk line; a non-numerical trunking switch automatic switches for seizing either encl for each end of said line, a repeater for each of said trunk line, and means comprising end of said trunk line, each repeater adapt- - repeaters for controlling all of said. first-eel to control the switch at the other encl mentioned switches over complete metallic 30 of the trunk line, and trnnks, each switch line circuits. . 95 adapted to automatically select idle trunks. 21. In a .teU1phone system, a two-way · 15. In a telephone system, a two-wuy trunk line, alltomatic switches for extending tr:unk Jine, a non-numerical tninking switch connection fror.l}> either end thereof in the for rnch end of said line, a repeater for each direction of the called subscriber,otherauto-35 end of said trunk line, each repeater g,dapt- matic switches for seizing either end of 100 ed to control the switch at the other end of said trunk line, and means by which all of the trunk line, instrumentalities operative said switches are controlled over complete to make either end of the line busy when the metallic line circuits, including repeaters other end is seized, and trunks, each switch for the opposite end of said Jrunk line. 40 adapted to automatically select idle trunks. 22. In a telephone· system, a two-way 105 16. In a telephone system a two-way trunk, an automatic switch for including trunk line, a non-numerical trunking switch said trunk in a -calling connection in one for each end of said line, a repeater for ea.ch direction, 11;nother automatic switch for in­end· of said trunk line, each repeater adapt- eluding said trunk in a calling connection/ 45 eel to control the switch at the other end of in the other direction, an automatic switch llO the trunk li ', each switch ada:tired to auto- controllable over the two sides .of the trunk matically extend a trunking connection line in series for completing the call in from said line in the direction of the called one direction, another automatic switch con­subscriber, numerical trunking switches for trollable over the two sides of the trunk line 50 seizing either end of said .trunk line; and in- in series for completing the call in the other ll5 strumentalities operative to render either direction, and a repeater for each ehcl of said end of said trunk line busy when the other trunk. . __ . • end is.seized. 23. In a telephone system, a two-way 17. In a telephone system, a two-way trunk.line, an automatic switch for extend-65 trunk line, a non-numerical trunking switch·· ing con:ilection from one end of said trunk 120 for each ei:).d of said line, a repeater for each line, another automatic switch for exte1:iding end of said thinJr line,ea~h repeater adapted connection from the other end of said trunk to control the switch at the other end qf the line, each switch {)ontrollable over tl+e two trunk lirie, instrumentalit~s operative to .• sides of the trunk line in series, and· a: re-60. make both ends of said ttu:njr liiie btl~v when peater for each ~iid,of said trunk. • 125 either end thereof is seized, and t:rtinks, each 24. In a telephone system, a trunk line, · swi,~Gh adapted to automatically sele~t idle a repe11tei: ~t ea~h en..d of ,sa~d tru,nk Hne_, !I, trunks. •• . . . non -.b.tlnierical .switch ._ ttt each end , of said . 18. In a telephone system, a two-wdy tri.ftik line, means for controlling ·one ~- · 65 ~runk line, a non-numerical trunking switch pC:)ater fooperata the swi~h at the_otli,, ... end 130 
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of the trunk line, and means for controlling off relay £or each of said non-numerical 
the other repeater to operate the other switches, and means for energizing one o:f 
switch. said relays when said trunk is seized. 

25. In a telephone system, a trunk line, a 31. In a telephone system, . a twiMvay 65 
6 repeater at ea:ch end o:f said trunk line, a trunk line, a non-numerical switch at either 

non-numerical switch at· each end of said end o:f said trunk liuc :for selecting idle 
trunk line, means £or controlling one repeater trunks .extending therefrom, a repeiiter at 
to operate the switch at the other end of the one end o:f said trunk line controlling the 
trunk line, and means for controJling the non-numerical switch at the othel' end there- 70 

Io other repeater to operate the other switch, o:f, a pair of condensers in said tnJnk line, 
each repeater being controlled by a metal- . ·and means for disconnecting said condensers 
lie line circuit. from said trunk line when said repeater is 

26. In a telephone system, a trunk line, a operating. • 
repeater at each end of sai_d trunk line, a 32. In a telephone system, a two-way 75 • 

16 non-numerical switch at each end of said trunk line, a non-numerical switch at either 
trunk line, means for controlling one re- end of s~id trunk line for selecting idle 
peater to operate the switch at the other end trunks extending therefrom, a repeater at 
of the trunk line, and means for controlling one end o:f said trunk line controlling the 
the other repeater to operate the other non-numerical switch at the other; end there- so 

20 switch, each repeater having means for con- of, a pair of oondensers in said trunk line, 
troiling the two sides of the trunk line in and a slow-acting relay adapted to be ener­
series. gized when said repeater is operating to dis-

27. fo a telephone system, a trunk line, a comiect said condensers from said trunk line. 
non-numerical switch associated with each 33. In a telephone system, a two-way trnnk 85 

25 end or said trunk line for extending con- • line, a non-numerical s,vitcl1 at either • end 
necJ ion from said trunk line, other auto- of said trunk line for selecting idle trunkf 
matic switches for extending a connection extending therefrom, a repeater at one end 
to snid trunk line, a repeater for one end o:f - o:f said trunk lirie· controlling, over a metal­
said trunk line adapted to repeat impulses lie circuit, the non-numerical switch at the 90 

30 over said trunk, a cut-off relay for said non- other end thereof, a paif of condensers in 
numerical switches, and means for energiz- said trunk .line, and means for disconnect­
ing the cut-off relay of the non-numerical ing said condensers from said trunk· line 
swit.ch associated with the end of the trunk when said repeater is operating. 
seized when said automatic switches seize 34. In a telephone system,. a two-way ~5 

85 one end of said trunk. trunk line, a non-numerical switch at either· 
~8. In a telephone system, a trunk line, end o:f said trunk line :for selecting . idle 

means for seizing one end of said trunk lin6, a trunks extending therefrom, a repeater at 
repeater and a non-numerical switch asso- one end of said trunk line controlling, over 
ciated with each end of said trunk, a cut-off a metallic circuit, the non-numerical switch 1 oo 

40 relay for each of said non-numerical switches, at the other end thereof, a pair of con­
and means for energizing one o:f said relays densers in said trunk line, and a slow-acting 
when said trunk is seized. relay adapted .to be ener~ized when said re-

29. In a telejJhone system, a trunk line, a peater is operating to disconnect said con-
non-numerical switch associated with each <lensers from said trunk line. 105 

45 end of said trunk line for extending connec- 35. In a telephone system, a trunk line, 
tion from said trunk line, other automatic a repeater and aq automatic non-numerical 
switches controllable over a metallic circuit line switch connected. to one end of said 
for extending a connection to said trunk trunk, and a repeater and a non-numerical 
line, a repeater. for one end of said trunk line switch connected to the opposite end ofuo 

GO line r~dapted to repeat impulses ever said said i,runk. -
trunk, a (:ut-off relay :for said non~P.umerical 36. In a telephone system, a two-way 

:sv\itches, and_means for en~rgizing the cut- trunk lin~, an automatic line _switch at e~ch 
nff relay of the non-numencal sW;1tch asso- end of said trunk for extendmg connect10n 
ciated with the end of the trunk seized when from said end, and a repeater at each end 115 

~G said automatic switches seize one end oi said of said trunk. , 
trunk. • ! . . Signed by me at Chicago, Cook county, 

30. In a telephone system, a trunk line, Illinois, this 29th day of March, 1910. 
means controllable over a metallic circuit • TALBOT G. MARTIN. 
for seizing one end o:f said trunk line, a Witnesses: . 

60 repeater and a non-numerical switch asso- EDWARD D. FALES, 
ciated with each end of said trunk, a cut- ABTHUR J .. RAY. 
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