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UNITED STATES, PATENT OFFICE. 
2,333,489 

TELEPHONE SYSTFEMR 

Seth E. Peterson, Cali, Columbia, assignor-to 
Automatic Electric Laboratories, Inc., a corpo. 
ration of Delaware” 

Application November 8, 1940; Serial No. 364,824 & 
22 Clairns. (C. 179-17) 

The present invention relates to telephone sys-- According to...a further object of the invention;3. 
tems, and more particularly to improved auto- the type of firing cut-off utilized interminating 
natic line-switching equipment which is control- the transfinissióni of ringing current over";a seized t!. 
lable in a simple and reliable manner over lines: line is autoniatically determined during seizure' of ). 
of different types, such, for example, as full-me- 55 the line, . 
tallic lines' of both the loop and simplex types; . It is a furthief objects:of the invention to provides. 
and ground return lines,... to provide different. in a line-selecting::SWitcklyari: in proved; circuits, 
classes of service to subscribers paying different arrangenient whereby (the backbridge:relay-of;5. 
rates. . the switch functions, both as a supervisory signal.'' 

It is an object of the invention to provide in a 10 *control-relay, and as a ringing control relay. 
system of the character described, an improved : It is althier?object of the inventionito: providex 
and exceedingly simple arrangement whereby the inia, telephone system of the character describeds. 
regular line-terminating equipment, individual to: certain restricted titrunks: which are utilized; to: 
the lines of the System, is utilized to signal the handle tallsioriginating'athon restricted stations: 
automatic switching apparatus as to the type or 15; only;'and' which are marked against seizure fromi, 
class of the calling lines over which the apparatus. , restricted stations on an:individual trunk basis;3, 
is seized. According:toi another object of the invention. 
According to another object of the invention, ... the calierestricting apparatus of the automatic.c. 

the line-ciass signaling circuits;are so arranged switching &equipmentitis jointly 'controlled over. 
that extra control paths extending through the 20:marking paths individualito the lines arranged. 
outlet contacts of the automatic switches are not for:restricted service; and marking paths indi 
required for the transmission of the Signals. , vidually identifying the restricted strunks: 

It is another object of the invention to provide; It is another object of the invention to provide: 
in a telephone system of the character described; c. an imprevetticonitrolinetwork for:the marking: 
an arrangement, whereby the station: selective":25 pathis, which isfso arranged that control pulses 
operation of the ringing control equipment prog' - are transmitted-over certair of the marking paths 
vided in the connector Switches, of the system": to control the service'restricting:apparatus: of the: 
is: in part controlled from the line circuits.ster automatic, Switching equippierit." 
minating the calling lines over which the con- According to another object of the invention, , 
nector SWitches are seized. 30 the control pulses transmitted: overtithe-marking : 

It is another object of the invention to provide pathis are utilized:to:control; the operation of thes: 
in a telephone system of the character described time-controlled flirik release relays provided in the . 
an arrangement wherein the station::selective; links 
operation of the ringing control. equipment...prol. In 'accérdance: with anothere:object of the in 
vided in the connector switches of the system is ':35:vertibril.the selectorsi'switches:3having:accessito. 
in part controlled from the line circuits:terminati, the trunk repeaters are: eachiequipped "With lines' 
ing called lines seized by the connector. Switches. apparatusis which::functions: to::signal at: 
In accordance with a further object of the in." 'epeater as to the character of the calling); 

vention, an improved arrangement. is provided. line over which the seized repeater is to be icon: 
whereby the line circuits terminating multiparty:40 trolled following its seizure::. 
subscriber lines of the ground return type are ar's Ini-accordance, with a further object of the in: 
ranged to control the ringing control equipmerits; vention provisions are made whereby, one of the 
of the connector switches in a manner such that, control leads connecting: one of theatrunk-rel'. 
ringing current transmission over the ground re-e peaters with the outlet: contacts of the precedings 
turn side of a selected line of this type is posit 45 selector switches is utilized ifor...controlling; thes: 
tively prevented. trunk selecting operations:of the selector switches. 

It is another object of the invention to provide' and also, forithe purpose of indicatingsto, the ser 
in a telephone system of the character described, lectorišswitches:3theirestricted Sor-non-restricted: 
automatic switching equipment which is Soar- character of the: trunk: terminated by there-'. 
ranged that one type of ring cut-off is provided (50 peater. 
for terminating the transmission of ringing cur- It is still another' object of the inventions to . 
rent over certain called lines of the system, and 3 provide: for use:in's controlling; the:automatic: 
a different type of ring cut-off is utilized inters switching apparatus: of a telephone system, ims 
minating the transmission of ringing current over proved timing sequipment, whichris so arranged. 
other:called lines of the System. 55that the starting of the requipment and the con. 

  



2 
trol of the automatic switching apparatus are 
exercised over a Single control lead extending 
from the switching apparatus to the timing 
equipment. 
In the illustrated embodiment of the invention 

there is provided a system which comprises a 
plurality of Subscriber lines, certain of which are 
of the multiparty type individually having a plu 
rality of substations associated therewith, and 
automatic switching apparatus in the form of 
finder-connector links for setting up connections 
between the lines of the System. The connector 
switches of the links also have access to One or 
more groups of trunks which are provided to 
serve only the substations arranged for unre 
stricted service and may extend, for example, to 
one or more distant Suburban or central ex 
changes. Timing equipment common to the links 
is provided for conversation timing and for 
forcibly releasing links held over lines having 
permanent calling conditions thereon. 
The subscriber lines of the system are of Sev 

eral different types and include lines arranged 
for loop circuit control of the automatic Switch 
ing equipment, simplex circuit control of the 
automatic switching equipment, and also lines 
of the ground return type. These lines are indi 
vidually terminated in line circuits which con 
ventionally comprise line, cut-off and lockout 
relays. In accordance with one feature of the 
present invention, the cut-off and lockout relays 
provided in the line circuits terminating lines of 
the simplex and ground return types, are ar 
ranged to transmit a control pulse over the posi 
tive talking conductors of the respective aSSO 
ciated lines when calls are initiated on these 
lines. A control pulse of this character, When 
transmitted to a link assigned to the use of a 
calling simplex or ground return line, is utilized 
to condition tine relay equipment of the link to 
be controlled over the metallic side of a ground 
return line or the two sides of a simplex line in 
parallel. These line circuit relays, when Oper 
ated in response to seizure of the associated line 
through one of the connector switches of the 
system, function to transmit a control pulse back 
to the connector switch which serves to control 
the setting of the ringing control equipment pro 
vided in the switch in a manner Such that the 
transmission of ringing current over the ground 
return side or positive talking lead of the aSSO 
ciated line is positively prevented. Further in 
accordance with this feature of the invention, 
the circuit arrangement of the finder-connector 
links is such that the ringing control equipment 
of an assigned link is, in setting up a reverting 
call connection involving a line of the ground 
return type, so controlled from the line circuit 
terminating the calling line that the possibility 
of ringing current transmission over the positive 
or ground return side of the line is precluded. 

In accordance with another feature of the 
present invention, the cut-off and lockout re 
lays embodied in the line circuits terminating the 
subscriber lines are also arranged to control the 
ringing control equipment of the links in a man 
ner such that one mode of ring cut-off, i.e., instan 
taneous ring cut-off, is provided for terminating 
the transmission of ringing current over a called 
line of the full metallic loop type; and another 
mode of ring cut-off, i.e., silent period cut-off, is 
utilized to terminate the transmission of ringing 
current over a called line of the simplex or ground 
return type. More specifically, the circuit ar 
rangement of the finder-connector links is such 
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2,333,489 
that when the cut-off and lockout relays of the 
line circuit terminating a called line operate to 
transmit a control pulse over the positive talk 
ing conductor of the associated line in response 
to seizure of this line, the back-bridge relay of 
the link occupied with the call is conditioned to 
function as a ringing control relay before the 
call is answered, and to function as a Supervisory 
control relay after the call is answered at the 
called substation. 
The inter-office trunks forming a part of the 

system are terminated in repeaters which are 
accessible to the connector Switches of the Sys 
tem, and are arranged to be controlled over call 
ing lines of any one of the three types mentioned 
above. These repeaters are normally arranged 
for control over a loop line, and in order to con 
dition the control equipment of a seized repeater 
for control over a simplex or ground return line, 
each link circuit is equipped with a relay network 
which functions, incident to the Seizure of a 
repeater, to transmit a control Signal to the 
seized repeater, indicating that the calling line is 
of the simplex or ground return type. Each 
repeater terminating a restricted trunk is pro 
vided with a marking path individual thereto, 
Which serves to identify the restricted character 
of the associated trunk. These marking paths, 
together with additional marking paths identi 
fying the restricted subscriber lines, serve jointly 
to control the link circuit equipment in a manner 
such that calls from substations arranged for 
restricted service cannot be extended to the 
restricted trunks. By virtue of this arrangement, 
the restriction as to trunk calls is on an indi 
vidual trunk basis as contrasted with the trunk 
group marking arrangements known to the prior 
art. The advantage of the present arrangement 
resides in the fact that both non-restricted and 
restricted trunks may be terminated in the same 
line groupS. 
The marking paths individual to the Subscriber 

lines and extending to the contacts of the finder 
switches are also utilized to control the timing 
relays of the links. More specifically, a relay net 
work is provided for intermittently transmitting 
ground pulses over these paths. These ground 
pulses, as transmitted to a seized link, are utilized 
to render the conversation and permanent timers 
ineffective to release the Seized link. 
The marking path extending from a repeater 

terminating a restricted trunk to the outlet con 
tacts of the connector switches includes one of 
two control conductors extending between the 
repeater and the outlet contacts of the connector 
switches. In accordance with another feature 
of the present invention, the control conductor 
forming a part of the marking path indicating 
a restricted trunk is also utilized for controlling 
the trunk selecting Operations of the connector 
switches. More specifically, relay means are pro 
vided in the repeater for interrupting the mark 
ing path and for connecting the two control leads 
together incident to the Seizure of the repeater 
by one of the connector switches. 

In accordance With another feature of the 
present invention, the timing equipment common 
to the finder-connector links is connected with 
the links over a single control lead, this lead being 
utilized both as a start lead over Which operation 
of the timing equipment is initiated, and as a 
control lead over which the timing pulses are 
transmitted to the links. More specifically, this 
lead is included in the circuit for energizing the 
start relay of the timing equipment, the arrange 



2,883,489. 
ment being, such that this start: relay, remains. 
operated to prevent the release... of the timing.: 
equipment during. .pulse.'transmission over the 
control lead to the automatic switching...equip-- 
ment, i. 
The novel features believed to be characteristic 

of-the invention-are set forth with particularity. 
in the appended claims. The invention, both as . . 
to its organization and method of operation, to-- 
gether ... with further- objects and . advantages l0. 
thereof, "Will best: be understood by reference to 
the specification taken in connection - with the 
accompanying drawings, in which Figures 1 to 
10; inclusive, when combined in the manner 
illustrated in Fig. 11, illustrate an automatic 
telephone system having embodied therein ther 
features of the invention briefly outlined above. 
More Specifically, Fig.1 illustrates the line equip- - - 
ment Serving two of the subscriber lities of the 
System, the link distributor, and, in "diagram: 20 
natic form, one of the finder SWitches at Which 
the illustrated lines terminate; Fig. 2 illustrates 
a relay network which is utilized for controlling 
the restricted service and timing relays of the 
links: Figs.-3 to 6, inclusive, and 10 illustrate the 25. 
connector end of the link comprising the finder 
shown in Fig. 1; Figs. 7 and 8 illustrate the re 
peater terminating one of the inter-office trunks 
of the System; and Fig. 9 illustrates, in partially 
Schematic form, the timing and tone equipment. 30 
common to the link circuits. 

Referring now more particularly to the draw 
ings, the telephone lines and automatic SWitch 
ing equipment there illustrated may comprise, 
for example, a Small eXchange, commonly known 35. 
as a community automatic exchange or C. A. X., 
which is designed to serve a suburban area of . 
limited population and is geographically adjacent ... 
a larger city. Or town served by a central ex 
change. More specifically, the exchange is illus-, 40. 
trated as being connected with a distant central 
automatic exchange 35 by means of a group of . 
trunks including the trunk 36. This trunk is . 
terminated in the C. A. X...exchange in a re 
peater. 30. The subscriber substations served by 
the automatic SWitching ... apparatus illustrated . . . 
may...be arranged for three different classes of . 
Service... For example, the line 9, which extends. 
Only...to the Substation A and terminates in the 
exchange in a line circuit. 0, may be arranged 50 
for unlimited central exchange trunk service, and . 
also for local calls of unlimited duration. The 
other, illustrated subscriber line 6, which ter 
minates in the exchange in the line circuit 20, is 
of the multiparty type, this line being arranged - 
to Serve the two Substations B and C. These tWo 
Substations, may be arranged for either semi-. 
restricted or fully restricted service. For exam. 
ple, the substations. B and C may be arranged so 
that central office trunk calls over the restricted 60 
trunks are prohibited, but local connections 
established through the automatic switching : 
equipment of the C. A. X. may be held for un 
limited periods. Alternatively, the subscribers : 
at the Substations B and C may be prohibited 65 
both from routing calls over the restricted central 
office trunks, and also from holding local call 
connections for unlimited periods. The particul 
lar type of service provided for the various sub 
stations is determined by the wiring arrange- 70: 
ment of the line circuits individual to the lines 
With Which the substations are associated. More 
Specifically, if all. of the substations associated . . 
with, a particular. line are to be denied central 
office: trunk service, the line circuit terminating . .75 

5 

5. 

adapt the automatic SWitching...equipment for:- 

acter of the associated line. These line: circuits: 

55 

3. 
this line is ;provided with an E. C. marking pathi. 
extending to the firider: E.C. contaet bank and is 
having resistance battery."potential applied there.' 
to through the Winding of one of the relays prol. 
vided in the restricted-service and time blocking & 
relay network 23: If i-the subscribers served:by's 
the line 6 are also to be restiicted as to the-dura?. 
tion of local-call connections, the E. C. marking': 
path justmentioned is arranged to have grounds. 
pulses intermittently applied: thereto, through-f. 
Operation-of-the-relays in the relay.network'.25. 
The Subscriber lines' terminating at the ex-is: 

change may be of several-different, types. ... For 
example, thei:ine 9 and the -substation. equip 
ment. Connected to ; this; line may be arranged. 
for either...simplex or loop circuit control of the t. 
automatic. Switching: equipment, i, and i may bei: 
either an eXtlemelyilong line-or a relatively, sho 
line. Further, the substation apparatus provided: 
at the substation: A may be of the conventional: 
Common battery.type or of the-conventional local vi 
battery, type... Similarly; the line-i6 may joe-of. 
the full metallic type, employing: two line... con: 
ductors, or may be of the ground return type uti-i- 
lizing. ‘a conductor.a.s. One: side of the line and is 
ground as: the return side of the line; . In the 31 
illustrated arrangement, the line 9 is shown as...i 
being of the full metallic-type, and the liraei: i , ; 
as being of the ground return type. In order to: 

control over the lines of different types, differen: 
wiring arrangements, are utilized in the line cir-7: 
cuits, the particular type of Wiring; of each cili." 
cuit being - determined by... the particular cha. 

are substantially conventionalin. So far as the re 
lay ... equipment embodied...therein is concerned. 
Thus, the line circuit.0 comprises the usual line; i. 
cut-off and lockout relays indicated at : R 305. 
R2) and Rf, respectively. Similarly, the line 1: 
circuit 2 terminating the line ij is provided with 3 
a line relay. Ra, Cut-Offi relay. Rf, and a i. 
slow-to-operate iockout...relay RiS). 
The automatic SWitching apparatus provided in:} 

the exchange for Setting up connections between... 
the various lines. and trunks terminating thereat, i. 
comprises a plurality of finder-connector links. : 
each having a contact bank capacity of one hunts . 
dred lines. The illustrated link is shown as coin 
prising a finder Switch and a connector. Switch. 
40. For the purpose of assigning these links to 3. 
the use of calling lines in a definite-order, there."; 
is provided a distributor. 22, preferably, of the: 
preselective type, which is arranged to initiate, the 
operation of the finder portion of a preselected . 
link to search fol' a calling line in response to;; 
the application of ground potential to the dis. 
tributor start lead fi : Since the finder switch'. 
f and the distributor. 22 may be of conventional. 
construction and wiring arrange(ne)t, these 'ri 
SWitching units have been only Schematically ill 
lustrated in the drawings. The connector switch: 
40" is illustrated in Figs. .3, 4, 5, 6 and 9 of the 
drawings as being of the Well-known Strowger ..." 
type, employing a Strowger switching mechanism . 
having its contact field divided into four banks": 
each including ten levels or rows, of bank con 
tacts. Preferably, the lowermost levels are re. 
served for the termination of subscriber lines, 2. 
branch exchange trunks and one or nore central: ; 
exchange trunklines extending to a toll; oper 
ator switchboard in the distant central exchange." 
The uppermost levels of the connector Switch are:''' 
used to terminate the regular or restricted. Cens. 
tral exchange: trunks, over, which the Subscribers : 

  



4. 
having unrestricted Service may route connec 
tions to the central office subscribers without the 
intervention of a toll operator. For example, 
the tenth level of bank contacts in the connector 
switch 40 may be reserved for the termination of 
trunks of the last-mentioned group. 

Referring now in greater detail to the connec 
tor Switch 4, the StroWger Switching mechanism 
of this switch comprises the above-mentioned 
contact field at Which the conductors of the lines 
extending to the C. A. X. are terminated; a Set 
of wipers 660 to 663, inclusive, and the usual 
vertical and rotary magnets 408 and 409, Iespec 
tively, which are operative in conjunction with 
their associated ratchet and pawl mechanisms, 
not shown, to impart Vertical and rotaly move 
ment to the Wiper carriage Structure. This 
mechanism is also equipped with vertical off 
normal springs 44, 45, 46 and 468, which per 
form various circuit control operations described 
with particularity hereinafter. The Switching 
mechanism further comprises a release magnet 
407 which, when energized, permits the Wipers 
of the switch to be returned to vertical and ro 
tary normal in the usual manner; and normal 
post springs 49 and 468, which are arranged 
to be moved off normal from the normal posi 
tions shown in the drawings in response to eleva 
tion of the wipers 660 to 663, inclusive, to one or 
more predetermined vertical off-normal positions 
and perform additional circuit control opera 
tions described with particularity hereinafter. 
The equipment for controlling the vertical, ro 
tary and release magnets of the Switching mech 
anism, and for performing the auxiliary control 
operations required incident to the setting up of 
the various types of connections referred to 
above, includes a pair of line relays R360 and 
R440 which are normally connected to be ener 
gized in series over the two talking conductors of 
the trunk 326 incoming to the connector Switch 
40. This equipment further comprises a slow act 
ing hold relay R370, a slow-acting hold slave 
relay R330, a reverting call relay R30, a slow 
acting control relay R320, a link release relay 
R340, a switch-through relay R350 of the two 
step type, a calling simplex relay R4f0, a battery 
reversing relay R42), a lock-pulse relay R430, a 
digit transfer relay R450, a pair of slow-acting 
pulse controlled relays R460 and R470, and a 
combined ringing and trunk-hunting control re 
lay R48. Additional control relays embodied in 
the connector switch and shown in Figs. 5 and 6 
of the drawings include a second digit transfer 
relay R50, a slow-to-operate, slow-to-release 
ring cut-off relay R520, a busy test relay R530, 
a ring pickup relay R540, a restricted service con 
trol relay R550, an alternating current ringing 
control relay R56), a pair of back-bridge relays 
R57) and R60, a called simplex relay R620, an 
ide test relay RS30, a slow-to-operate conversa 
tion timing relay R640, and a slow-to-Cperate 
line-switching relay R.650. Selection of the ring 
ing code which is to be utilized in signaling over 
a called multiparty line is accomplished through 
the provision of a minor switch 45, which also 
functions as a conversation timing Switch after 
the ringing period is ended and a talking circuit 
is established through the connector. This Switch 
also functions to determine the side of a Selected 
line over which ringing current is to be projected 
in signaling over a called multiparty line ar 
ranged for divided ringing. More Specifically, 
this switch is of the eleven-point type and in 
cludes three wipers 000, 100, 002, the usual 
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operating and release magnets 004 and 007, re 
spectively, and off-normal springs 005 and 006. . 
The inter-office trunks connecting the ex 

change illustrated With the distant automatic ex 
change 35 are of the two-way type arranged to 
handle calls routed in either direction thereover, 
and each thereof is terminated in the CAX in a 
two-way repeater. Thus, the trunk 36, which 
terminates in the repeater 30, has access to the 
links of the CAX Over a link line 34 which ter 
minates in a line circuit 3. Briefly described, 
the repeater 30 comprises a pair of line relays. 
R720 and R859, a slow-acting hold relay R820, 
a slow-to-release hold slave relay R830, and a 
group of control relays R840, R870 and R860, 
the first two of which are of the slow-to-operate 
type, and the last of which is of the slow-acting 
type. The relay equipment of the repeater 
further includes a battery reversing relay RTO, 
a calling simplex relay R730, a slow-acting pulse 
controlled relay R740, an electro-polarized back 
bridge relay R750, a line-switching relay R880, 
and three lock-pulse relays R760, RT TO and R80 
which are provided for impulse correcting pur 
poses. The various enumerated relays are inter 
connected by control Circuits which are described 
With particularity hereinafter. 
The equipment common to the finder-connec 

tor links provided in the exchange includes the 
usual ringing current generator and a ringing 
interrupter for interrupting the alternating ring 
ing current in accordance with the various ring 
ing codes. The connon equipment also includes 
tick-tone generating equipment 52, dial and busy 
tone generators 60, a conversation timer 53 and a 
permanent timer 5. These four units may be 
of conventional arrangement and, accordingly, 
have been only schematically illustrated in the 
drawings. The control circuits for these units 
are, however, novel in character and, accord 
ingly, the details thereof have been shown. 
More specifically, the control circuit for the per 
manent timer 5 and the tone generator 60 com 
prises a relay R90 which is so connected and ar 
ranged that a single control lead C496 is utilized 
for the purpose of initiating the operation of the 
timer 5 and for the purpose of transmitting 
timing pulses to the various links. Similarly, the 
control circuit for the tone generating equip 
ment 52 and the conversation timer 53 comprises 
a slow-to-release start relay R920 and a pulsing 
relay R930, these relays being so connected and 
arranged that a single lead. C679 is used for 
initiating the operation of these two units and 
for the purpose of transmitting timing pulses 
to the link circuits. 
The equipment common to the links and line 

circuits further includes the restricted service 
and time blocking relay network 25. Briefly de 
scribed, this network includes a plurality of line 
relays R240, R250 and R260, which are individual 
to the lines with respect to which restricted 
service or time blocking is required, and a plu 
rality of slow-acting relays R2O, R220 and R230, 
which are common to the lines with respect to 
which such service restrictions are imposed. 

LOCAL CALLS 

Referring now more particularly to the opera 
tion of the apparatus to set up a local call con 
nection between two of the substations terminat 
ing at the C. A. X., it may be assumed, for ex 
ample, that a call intended for the substation C 
is initiated at the substation A. In order to 
initiate the call, the calling subscriber removes 
the receiver provided at the substation. A from 
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its:supporting hook or cradle, thereby to complete 
a circuit for energizing the line relay R. 39 in the 
tisual manner. The circuit over which this line 
relay is energized is different, depending upon 
the Wiring arrangement utilized in the line cir 
cuit to. Thus, if the substation equipment pro 
vided at the Substation A is wired for simplex 
Control of the automatic switching equipment 
provided in the exchange, the terminals (43 and 
4 are connected together, and the terminals 

'44 and f45 are connected together. If the line 
9 is of the loop or ground return type, or is of 
the simplex type and the loop resistance thereof 
is less than 3500 ohms, the relay R30 is equipped 
'With windings each having a resistance of 200 
ohms. If the line is of the simplex type and 
the loop resistance thereof exceeds 3500 chms, 
the relay R30 is equipped with windings each 
having a resistance of 1200 ohms. When the 
above-described wiring arrangement is used, one 
branch of the operating circuit for the relay 
R. 39 extends from ground through the springs 
of the hook switch provided at the substation A 
by way: of the positive line conductor 9b, the con 
tacts 22, the strapped terminals 45 and 44, 
the lower winding of R3) and the strapped 
terminals 47 and 48 to battery. The other 
branch of this circuit extends from ground 
through the Springs of the hook Switch provided 
at the substation A by way of the negative line 
conducor 9(t, the contacts 2 and the upper 
winding of R. 30 to battery. On the other hand, 
if the equipment provided at the substation A 
is arranged for loop control of the automatic 
switching apparatus provided in the community 
exchange, the terminals 43 and 44 are strapped 
and the terminals 4 and 48 are strapped. 
With this wiring arrangement, the operating cir 
:cuit for the line rely R30 may be traced as ex 
tending fron ground by way of the strapped 
terminals 43 and 44, the lower winding of 
R 30, the strapped terminals 47 and f48, the 
contacts 22, the conductor 9b, the bridge across 
the conductors 9b and 9d at the substation A, 
the conductor 9a, the contacts f2 and the upper 
winding of R. 30 to battery. In order more com 
pletely to describe the different wiring arrange 
ents of the line circuits, it is pointed out that 

if the line 6 is of the simplex type or is a rela 
tively short ground return line, the line circuit 
29 is Wired in the manner described above with 
reference to the line circuit 9 in considering 
simplex control of the line relay R. 30. More 
specifically in this case the terminals 8 and 
l3? are strapped, the terminals 98 and 9 are 
strapped, and the termianls 86 and 3 are 
'strapped. On the other hand, if the substations 
served by the line S are arranged for loop cir 
cuit control of the automatic SWitching equip 
ment, the terminals 8 and 8 are strapped, 
the terminals 84 and R5 are strapped, and the 
terminals 88 and 29 are strapped. As a further 
alternative, if the line 6 is of the ground return 
type, 8, wiring arrangement, is utilized which 
comprises the strapping of the terminals 88 and 
i82, f 83 and 35. SS and 87, and 9) and 9, 
respectively. With this wiring arrangement, the 
relay R S is energized over a circuit including 
the grounded conductor So, the contacts 3 
and the two windings of R, 7 in series when a 
call is initiated at one of the Substations B and C. 
Continuing now with the operation of the line 

circuit 9, when the line relay R3) is energized 
over any one of the circuits traced above, it oper 
ates to complete, at its contacts 3, an obvious 
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circuit for impressing ground potential upon the 
private conductor 90, thereby to mark the line 9 as 
busy in the bank contacts of the connector 
switches. At its contacts 32, the relay R? 30 
opens the circuit for energizing the cut-off relay 
R20 when the line 9 is seized through the con 
nector end of one of the links. At its contacts 
33, the relay R30 completes a path including 
the winding of the relay R20 and the contacts 
2 for impressing negative battery potential upon 

the marking conductor 9d, thereby to identify the 
line 9 as a calling line in the bank contacts of 
the finder switches having access thereto. At 
its contacts f34, the relay R? 30 completes a path 
including the contacts 4 for impressing ground 
potential upon the distributor start lead. T. 
When this lead is grounded, the control equip 
ment of the distributor 22 -operates in a Well 
known manner to cause the finder portion of 
a previously assigned link to seize the calling line 
9. Assuming that the link illustrated, namely, 
that comprising the finder Switch and the con 
nector switch 40, has previously been selected 
for use by the distributor 22, the wipers of the 
finder switch i? are first elevated to a position 
opposite the level of contacts terminating the 
line 9 and are then rotated to engage the contacts 
terminating the conductors 9a, 9b and 9d. When 
the line 9 is found in this manner by the finder 
switch , the control equipment of the finder 
switch operates to extend the calling circuit 
through to the connector portion of the link and 
to connect the marking lead 9d to the control 
conductor 326c of the trunk 326 incoming to 
the connector switch. 4). In response to this cut 
through operation of the finder switch f , both of 
the line relayS R360 and R449 are energized. As 
Suming that the line 9 is arranged for loop circuit 
control of the automatic switching equipment, 
the relays R440 and R360 are energized in series 
over a circuit which extends from ground by Way 
of the winding of R44, the contacts 43 and 423, 
the repeating coil winding 493, C65, the contacts 
354 and 32, the trunk conductor 326 b, the posi 
-tive line wiper of the finder switch f, the con 
ductor 9b, the bridge across the conductors of 
the line 9 at the SubStation A, the conductor 9d., 
the negative wiper of the finder switch it, the 
conductor 326a, the contacts 3 i? and 352, C63, 
the repeating coil winding 401, the contacts 42, 
C64 and the winding of R360 to battery. When 
energized over this circuit, both of the line relays 
operate. In the event the line 9 is arranged for 
simplex control of the automatic switching equip 
ment, the line relay R36) is initially energized 
over a circuit extending from ground at the Sub 
station. A by way of the conductor 9a, the nega 
tive line wiper of the finder Switch , the conduc 
tor 326a, the contacts 3 and 352, C63, the re 
peating coil winding 40, the contacts 42, C64 
and the winding of R360 to battery. The other 
line relay R440 is energized in parallel. With the 
positive side of the line 9 and in series with the 
lower winding of the line relay R. 30 over a cir 
cuit which extends from ground by way of the 
winding of R440, the contacts 443 and 423, the 
winding 403, C65, the contacts 354 and 3f2, the 
conductor 326 b, the positive line Wiper of the 
finder switch , the contacts 22, the strapped 
terminals 44 and f45, the lower winding of R. 30 
and the strapped terminals f47 and 49 to bat 
tery. It Will further be noted that in the event 
the calling line is of the ground return type, 
the relay R440 is energized in series with the 
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lower winding of the line relay R30 over the cir 
cuit just traced. 
The relay R440, in operating, closes its con 

tacts 44f to prepare the operating circuit for 
the digit transfer relay R450. At its contacts 
443, the relay R440 completes a locking circuit 
for itself which extends to battery through the 
resistor 4 (8, the off-normal springs 4f7 and the 
winding of the release magnet 407. The resist 
ance value of the resistor 48 is such that the 
release magnet 407 is insufficiently energized to 
operate when this circuit is completed. At its 
contacts 442, the relay R440 opens a point in one 
of the paths for short-circuiting its own wind 
ing. At its contacts 444, the relay R440 opens a 
point in the operating circuit for the calling sim 
plex relay R40. The line relay R360, upon oper 
ating, closes its contacts 36 to complete a cir 
cuit for energizing the lock-pulse relay R430, this 
circuit extending from ground by way of the 
contacts 342, 325 and 361, C75 and the winding 
of R430 to battery. At its contacts 363, the relay 
R360 prepares a holding circuit for the hold 
relay R370. At its contacts 362, the relay R360 
opens a point in a priming circuit for itself. 
The lock-pulse relay R430, upon operating, 

locks to ground over a path including C75, the 
contacts 36, C9, the contacts 433 and the resis 
tor 428. At its contacts 431, the relay R430 opens 
a point in the common portion of the circuits 
over which the vertical magnet 408, the rotary 
magnet 409, the operating magnet 004 of the 
minor Switch 45 and the relays R460 and R470 
are energized during the transmission of im 
pulses to the connector Switch. At its contacts 
432, the relay R430 completes a circuit for ener 
gizing the slow-acting hold relay R370, this cir 
cuit extending from ground by way of the con 
tacts 342, C8, the contacts 432, C83 and the 
winding of R370 to battery. 
The relay R370, upon operating, closes its con 

tacts 37, to complete the operating circuit for 
the digit transfer relay R450, this circuit extend 
ing from ground by way of the contacts 342 and 
37, CT, the contacts 44, the off-normal springs 
468 and the winding of R450 to battery. At its 
contacts 37, the relay R370 also prepares the 
operating circuit for the line switching relay 
R650 and additional operating and locking cir 
cuits described more fully hereinafter. At its 
contacts 372, the relay R370 completes a path 
including the contacts 342 for impressing ground 
potential upon the release conductor 326c, there 
by to prepare certain locking and operating cir 
cuits subsequently referred to in detail. When 
ground potential is applied to this conductor, a 
holding circuit is provided for the cut-through 
relay of the finder switch f f, the slow-acting con 
trol relay R32 is energized over an obvious cir 
cuit, and the cut-off relay R20 is energized over 
a circuit including this conductor, the test wiper 
of the finder switch and the contacts f 33 and 
| 2. At its contacts 373, the relay R3TO further 
prepares the above-mentioned prinning circuit 
for the line relay R360. At its contacts 374, the 
relay R370 prepares an operating circuit for the 
idle test relay R630. At its contacts 375, the 
relay R370 completes an obvious circuit for ener 
gizing the slow-acting hold slave relay R330. At 
its contacts 376, the relay R370 opens a point in 
a path traced hereinafter, over which ground po 
tential may be impressed upon the positive line 
wiper 66 of the connector switching mechanism. 
The digit transfer relay R450, upon operating, 

0 

5 

20 

25 

30 

35 

45 

50 

55 

30 

65 

70 

75 

2,333,489 
locks to ground over a path including the off 
normal springs 468, the contacts 453, CT and the 
contacts 37 and 342. At its contacts 454, the 
relay R450 prepares an alternative locking cir 
cuit for itself. At its contacts 45 and 458, the 
relay R450 prepares the above-mentioned circuit 
for energizing the vertical magnet 48 and the 
pulse controlled relay R47 in parallel. At its 
contacts 452, the relay R450 opens one of the 
alternative circuits for energizing the pulse Con 
trolled relay R470. At its contacts 455, the relay 
R450 opens a point in one of the Operating cir 
cuits for the pulse controlled relay R460. At its 
contacts 457, the relay R450 prepares one of the 
operating circuits for the trunk-hunting relay 
R48. At its contacts 459, the relay R450 opens 
a point in the common portion of the operating 
circuits for the rotary magnet 409 and the op 
erating magnet 004 of the minor switch 45. At 
its contacts 457, the relay R450 prepares a cir 
cuit for energizing the calling simplex relay R40. 
At its contacts 458, the relay R450 opens a point 
in the circuit for transmitting busy and tick-tone 
currents over the calling end of the connection. 
At its contacts 459', the relay R45) completes 
a circuit for transmitting dial tone current over 
the calling end of the connection. The circuit 
traversed by the dial tone current may partially 
be traced as extending from the ungrounded ter 
minal of the dial tone generator by way of C468, 
the contacts 459', the condenser 445, the contacts 
467, C92 and the repeating coil winding 402. 
This current is, by induction, repeated through 
the windings of the repeating coil to the calling 
circuit and is reproduced by the receiver provided 
at the calling substation to indicate that the 
dialing operation may be started. 
The hold slave relay R330, upon operating, 

completes a multiple path for impressing ground 
potential upon the release conductor 326c, this 
path including the contacts 342, 36 and 335. At 
its contacts 334, the relay R330 opens a point in 
the operating circuit for the reverting call relay 
R31). At its contacts 33, the relay R330 pre 
pares the above-mentioned path for impressing 
ground potential upon the positive line Wiper 
66 of the connector Switching mechanism. At 
its contacts 333, the relay R330 prepares a path 
for short-circuiting the conversation timing re 
lay R640 and the lower winding of the link re 
lease relay R340, and prepares another operating 
circuit for the busy test relay R530. At its con 
tacts 336, the relay R330 prepares a locking cir 
cuit for the link release relay R340. At its con 
tacts 332, the relay R330 completes a circuit for 
energizing the upper winding of the link release 
relay R340 in series with the upper winding of 
the permanent timer start relay R90, this cir 
cuit extending from ground through the upper 
winding of R90 by way of the combined time 
pulse and start lead C496, the contacts 425, C69, 
the contacts 332 and the upper winding of R340 
to battery. Due to the high resistance of the 
upper winding of the relay R90, the relay R340 
does not operate when this circuit is completed. 
The relay R3, however, operates to complete an 
Obvious path for grounding the permanent time 
start lead 55, thereby to initiate the operation of 
the permanent timer 5 in the usual manner. 
At its contacts 93, the relay R910 completes an 
obvious path for grounding the start lead 53, 
whereby operation of the dial and busy tone gen 
erating equipment 60 is initiated. 
The slow-acting control relay R320, upon op 

erating, closes its contacts 322 to prepare the 



3.2333,489 
is above-mentioned operating circuit...for the revert 
King call relay.R.30. At its contacts;32 the relay 
is R.32 prepares: one of ithe circuits for energizing 
theidle, test-relay. R639. At its contacts 323, the 

: relay:R320 further prepares: the previously men 
tioned pinning circuit for the line relay:R380, and 

... completes: a lockings' circuit for the hold relay 
rR39. The last-mentioned:circuit extends by 

' Way of the grounded hold conductor C8 the 

17 
sing::circuit as traced above; and opens its con 
tacts: -44 to interrupt (the previously, traced op 
erating circuit for the digit' transfer relay R45. 

2. At its contacts 444, the relay R440 completes the 
5:...prepared operating. circuit for the calling-simplex 

relay R4C, this circuit extending from ground by 
way of the contacts; 457 :and 444, the lower wind 

;ing of R40 and the ; off-normal springs 4-4 to 
battery. 'I When; thus: energized, the calling sim 

contacts 323, 355 and 363, and the Winding of il(l)iplex relay R4f0-operates andlocks to the grounded 
; :.R.30-to-battery. ... At its contacts 324, the relay 
* :R328 opens a point in: the common portion of the 
operating: circuits; for the release magnets,47...and 

...00. --At-its-contacts 325, the relay R320, inter 

F's release conductor. 326c over a path including its 
g-preliminary make contacts 4-2. At its contacts 
34:f3, the relay R4 interrupts a point in the com 
timon portion of the above-traced Cperating: circuit 

. . rupts the previously traced operating circuit for 15, and short-circuiting path for the relay R44. At 
; the lock-pulse-relays R;43). Following: the opera 

; :tion of the relays R360, R440, R430, R450, R370, 
sR330 and R320-in the manner, just explained, no 
further, operations of the link circuit equipment 

... its contacts 4t the relay R4: completes, the 
A second branch of the circuit for energizing the 
... line-relay, R380 over, the two sides of: the line 9 
in parallelin the event this line is of the simplex 

- ; occurs: until the dialing operation is: started at 20. type. More specifically, this second branch may 
...the calling: Substation or, the link is forcibly re 
leased under the control off the permanent 

::tine 5. 
When the cut-off relay.R.20 is... energized, it 

operates locks. to, the grounded release-conductor, 
326c sover a-path including...the contacts, 24 and 
the test. wiper. of the finder, switch di. At its 

: contacts: 25, the relay R.20-completes...an obvious 
; : circuit. for energizing the:slow-to-operate lockout 
relay.R. i. 9... At its contacts, 2 and - 22, the re 
lay.R. 20 disconnects the windings of the line re 
slay:R30 from the conductors of the line 9, there 
by to, clear the line of the impedance, represented 

- by these windings. At its contacts. 22, the relay 
S.23, also interrupts: the previously traced, op-i 

-erating.circuit for the line-relay R440, assuming 
...the line 9, to be of the simplex: O. grounds return 
type. When the line relay...R.3sis., thus deen 

sergized, it restores, to interrupt, at its contacts 
- 3, the initially, completed path for, grounding 4. 

... the private conductor- 8c of the line. 9... At its 
contacts, 32, the relay.R. 3G completes an alter 
native path for impressing ground potentiallupon 
this... private, conductor, , which path... extends 

be traced as extending from ground at the sub 
... station...A. by, Ways of...the line conductor. 9 b, the 
positive, line. Wiper of the finder. SWitch , the 
trunk.conductor .326b, the contacts 3.2 and .354, 

a. C65, the winding 403, the contacts 423 and 4 , 
C34, and :the winding of R360 to battery. Thus, 
the resistance, of the., calling circuit. OVer which 

...the line relay R360 is energized is materially re 

...duced in response.to. operation-of-the-calling. Sin 
plex.relay R40. 

Shortly...following the operation of the call 
ing simplex relay R40 in the manner pointed 
out above, the slow-to-operate lockout relay 

...Rf) operates. and opens its contacts . , to 
inerrupt the above-traced path short-circuit 
ling the line relay R440. At its contacts if 2, 
the relay R opens a further point in the op 
erating circuit for the cut-off relay. R, 29. At 
its contacts 3, the relay R. O. prepares a lock 
ing circuit, for itself. At its contacts 4, the 
relay R opens another point in the path for 
connecting the distributor start, lead to 
ground. - 

. Upon receiving the dial. tone signal in the 
... through the contacts. 24, to the grounded tests 45 manner pointed out above, the calling subscriber 
... Wiper of the finder switch'? . . At its contacts 

33, the relay, R. 39 interrupts. the operating cir 
...cuit for the cut-off relay.R.S...At its contacts 

i34, the relay.R. 30, disconnects the distributor 
start. lead from ground and opens: a "peint: in 

... the locking circuit for the lockout relay. R, , ). 
In the event, the line 9 is: off the ground return 

. ...or simplex type, a path including...the make Con 
: tacts. 23 of the cut-off relay, R2, and the break 

may proceed to... dial the three, digits of the 
directory number designating the desired sub 
station C. "The first two of these digits are 
utilized to direct the wipers of the connector 

50 SWitch. 4) "into engagement With the contacts 
terminating the conductors of the called line 
'6, and the third digit is utilized to direct the 
wipers of the code. Selecting and conversation 

...timing switch 45 to the position corresponding 
contacts f l l of the lockout-relay.R. 10, is provided 55 to the code designating the desired substation 
for transmitting a control pulse ever-the-positive 

...talking conductor. 8b, and the positive side of the 
trunk 328. This control pulse is utilized to short 

, circuit the line relay R44. On the other hand, 

C. "The line relay R360 and the lock-pulse relay 
R43 follow the impulses of the three digits and 
function to repeat the impulses of the first digit 
to the vertical magnet 48 and the relay R470 

: if the line 9 is arranged for loop control of the 60 in parallels over the above-mentioned pulsing automatic switching equipment, this pulsing path, 
; controlled by the cut-off and lockout relays in 
dividual to the line 9, isomitted from the line.cir 

... cuit. . . . . When the illustrated circuit. Wiring is 

circuit. '. More specifically, the relay R360, upon 
'i restoring at the beginning of each impulse, 
is opens: its contacts:36 to interrupt the previous 
'''ly: traced locking circuit for the lock-pulse relay 

provided, the short-circuiting path justmentioned 85° R439, causing:the latter relay to restore. At its 
is completed at the contacts 23 when the cut-off 
relay Ril 29 operates. This path may be:traced as 
extending from groundby way of the contacts: 
and 23, the positive, wiper of the finder Switch 

contacts 362, the relay. R360 completes the pre 
tiviously mentioned priming circuit for itself, this 
circuit extending:by way of the grounded hold 
lead. C8 the contacts 323,355,362 and 373, 

the trunk conductor, 3.25b, the contacts. 31270 the resistor. 377, C67, the contacts 421, C64 and 
- and 354, C65, the winding 403, the contacts 423 
and 43, and the winding of Ré62 back to ground. 
Whenthus short-circuited, the relay R44) is de 
energized,and restores. In releasing, the relay 

"3the winding of R36), to battery. This priming 
' circuit is utilized" to trender the relay R360 ex 
':ceedingly...fast, to operate when the calling loop, 
simplex or Single: Wire circuit is recompleted at 

::R440 opensits contacts:443 to interrupt: its lock-'75:the "calling. Substation at the end of the open 
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circuit period of the impulse. At its contacts 
363, the relay R360 opens the locking circuit for 
the hold relay R3T O. 
The lock-pulse relay R430, upon restoring at 

the beginning of each impulse, opens its contacts 
432 to interrupt the operating circuit for the 
hold relay R3 0. Due to its slow-to-release 
characteristic, the last-mentioned relay remains 
operated during impulsing. At its contacts 433, 
the relay R439 opens another point in its lock 
ing circuit. At its contacts 43, the relay R430 
completes the circuit for energizing the vertical 
magnet 408 and the pulse controlled relay R470, 
in parallel. This circuit extends by way of the 
grounded hold conductor C8, the contacts 323 
aYd 355, C76 and the contacts 43 to the con 
tacts 458 where it divides, one branch extending 
through the winding of the magnet 408 to bat 
tery, and the other branch of the circuit ex 
tending through the contacts 45? and the wind 
ing of R470 to battery. When first energized 
over this circuit, the relay R40 operates to com 
plete, at its contacts 472, an alternative locking 
circuit for the relay R450, this alternative circuit 
extending by way of the grounded hold lead C8, 
the contacts 37, CT, the contacts 635, C495, the 
contacts 42 and 454, and the Winding of R45) 
to battery. At its contacts 47, the relay R470 
opens a point in One of the operating circuits 
for the relay R460. At its contacts 473, the re 
lay R47 opens a point in the common portion 
of the operating circuits for the busy test relay 
R530 and the idle test relay R639. At its con 
tacts 47, the relay R470 completes an obvious 
path for short-circuiting the winding 4f of the 
repeating coil, thereby to reduce the resistance 
of the pulsing circuit over which the line relay 
R38 is energized under the control of the calling 
device provided at the calling Substation A. Due 
to its slow-to-release characteristic, the relay 
R4 remains operated during each digit and re 
stores shortly after the digit is ended. 
The vertical magnet 48, upon operating, ele 

vates the wipers 660 to 663, inclusive, to the first 
vertical off-normal position and closes its con 
tacts 498, to prepare an alternative Operating 
circuit for the lock-pulse relay R430. In response 
to this movement of the Switch wipers, the Off 
normal springs 44 are opened further to inter 
rupt the operating circuit for the calling sim 
plex relay R40, the off-normal springs 45 are 
closed to prepare or complete a path including 
the contacts 426 and 442 for short-circuiting the 
winding of the line relay R440, and the off 
normal SpringS 468 are opened to interrupt the 
Operating circuit and the initially completed 
holding circuit for the digit transfer relay R45 0. 
At the off-normal springs 47, the previously 
traced locking circuit for the line relay R440 
is interrupted, causing this relay to restore, if 
operated. At the off-normal springs 46, the Op 
erating circuit for the release magnet 4) is pre 
pared. In restoring, the relay R440 opens its 
contacts 443, further to interrupt its locking cir 
cuit, and closes its contacts 442 to complete the 
short-circuiting path described above. When 
this short-circuiting path is completed, the Wind 
ing of the relay R440 is excluded from the call 
ing loop circuit over which the other line relay 
R36 is ensrgized, thereby to decrease the resist 
ance of the circuit for energizing the latter relay. 
At its contacts 44, the relay R440 opens another 
point in the operating circuit for the digit trans 
ferrelay R450. At its contacts 444, the relay R440 
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reprepares the operating circuit for the calling 
simplex relay R49. From the above explanation 
it will be apparent that if the line 9 is arranged 
for loop circuit control of the automatic Switch 
ing equipment, the line relay R440 is caused to 
restore and the winding of this relay is excluded 
from the calling loop circuit in response to the 
dialing of the first impulse of the first digit of 
the directory number designating the desired 
substation. 
At the end of the open-circuit period of each 

impulse of the first digit, the line relay R360 
reoperates to complete the above-mentioned al 
ternative operating circuit for the lock-pulse re 
lay R430, this circuit extending from ground by 
way of the contacts 408, C9, the contacts 36, 
C75 and the winding of R430 to battery. At its 
contacts 3S2, the relay R360 opens the above 
described priming circuit for itself. At its con 
tacts 363, the relay R360 recompletes the hold 
ing circuit for the hold relay R3TO. The lock 
pulse relay R430, upon reoperating, opens its 
contacts 43 to deenergize the vertical magnet 
408 and the pulse controlled relay R470, closes 
its contacts 432 to recomplete the operating cir 
cuit for the hold relay R370, and closes its con 
tacts 433 to recomplete its own locking circuit. 
From the above explanation it will be understood 
that the line relay R360, the lock-pulse relay R430 
and the Vertical magnet 408 interact in the exact 
manner just described during each impulse of 
the first digit. It will further be understood that 
each time the vertical magnet 408 is energized, 
the Wipers 660 to 663 are elevated one step. Ac 
cordingly, at the end of the first digit, these wip 
ers are left Standing opposite the level of bank 
contacts in which the conductors of the called 
line 6 are terminated. 
During the inter-digit pause between the first 

and second digits, the line relay R360 and the 
lock-pulse relay R430 are held operated for a 
time interval in excess of the release period of 
the slow-acting pulse controlled relay R47 O. Ac 
cordingly, the relay R470 is caused to restore. 
In releasing, this relay opens its contacts 47 to 
interrupt the path short-circuiting the winding 
40 of the repeating coil, and closes its contacts 
4' to reprepare one of the operating circuits 
for the pulse controlled relay R460. At its con 
tacts 473, the relay R470 reprepares the operat 
ing circuits for the busy test relay R530 and the 
idle test relay R630. At its contacts 472, the 
relay R470 opens the above-traced alternative 
holding circuit for the digit transfer relay R450, 
causing the latter relay to restore. 

In releasing, the relay R450 closes its contacts 
452 to prepare an alternative operating circuit 
for the pulse controlled relay R470. At its con 
tacts 45, the relay R450 opens another point in 
the initially completed operating circuit for the 
relay R470. At its contacts 453, the relay R450 
opens another point in its initially completed 
holding circuit. At its contacts 454, the relay 
R45) opens another point in its alternative hold 
ing circuit as traced above. At its contacts 455, 
the relay R45) prepares one of the operating 
circuits for the pulse controlled relay R460. At 
its contacts 458, the relay R450 opens another 
point in the above-traced circuit for energizing 
the vertical magnet 408 and the relay R470 in 
parallel. At its contacts 459, the relay R450 pre 
pares a circuit for energizing the relays R460 
and R470 in parallel with the rotary magnet 409. 
At its contacts 457, the relay R450 opens another 
point in the incomplete operating circuit for the 
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calling simplex relay R4 0. At its contacts 458', 
the relay R45) prepares the previously mentioned 
circuit for transmitting busy and tick-tone cur 
rents over the calling end of the connection. At 
its contacts i59', the relay R450 interrupts the 
previously traced circuit traversed by the dial 
tone signal current, thereby to terminate the dial 
tone signal being reproduced by the receiver pro 
vided at the calling Substation A. Following the 
release of the relay R459, the link circuit equip 
ment is conditioned to respond to the impulses 
of the second digit. 

During the dialing of the Second digit, the line 
relay R360 and the lock-pulse relay R439 co 
operate to repeat the dial pulses to the relays 
R460 and R379, and the rotary magnet 409 in 
parallel. More specifically, the circuit over which 
current pulses are transmitted to these control 
elements extends by Way of the grounded hold 
lead C3, the contacts 323 and 355, CS, the 
contacts 43; and 459, C394, the contacts 634, 
CS; and the contacts 532 and 57, to C493 where 
it divides, one branch extending through the 
winding of the magnet 439 to battery, and a 
Second branch extending through the contacts 
A and the winding of R45 0 to battery. A third 
branch of this circuit extends from the conduc 
tor C3 by Way of the contacts 53, C99, the 
contacts 453 and the winding of R40 to battery. 
When this circuit is initially completed at the 
beginning of the open-circuit period of the first 
impulse of the second digit, the relays R46) and 
R47 both oparate. Upon operating, the relay 
R4) closes its contacts 4 to recomplete the 
path for short-circuiting the repeating coil Wind 
ing 49, opens its contacts 47 i' to interrupt the 
initially completed operating circuit for the relay 
R460, and closes its contacts 42 to complete an 
alternative circuit for energizing the last-men 
tioned relay. This alternative circuit extends by 
way of the grounded hold conductor C8, the 
contacts 3i, C7, the contacts 635, C495, the 
contacts 472 and 55, and the winding of R46 to 
battery. At its contacts 473, the relay R47 C. 
again opens a point in the operating circuits for 4. 
the busy and idle test relays. 
The relay R880, upon operating, closes its con 

tacts ($ to complete a path for Short-circuiting 
the winding of the digit transfer relay R5, 
this patin extending by Way of the grounded hold 
conductor C3, the contacts 37, C, the contacts 
635, C435, the contacts 472, 455 and 46, C49, 
the contacts 59, the winding of R5; and the 
contacts 529 to the grounded release conductor 
326c. At its contacts 463, the relay R460 pre 
pares a circuit, for energizing the upper Winding 
of the two-step switching-through relay R358. 
At its contacts A33, the relay R48 prepares the 
operating circuit, for the busy test relay R539. 
At its contacts 465, the relay R460 opens a point 
in the holding circuit for the busy test relay 
R530. At its contacts 435, the relay R468 opens 
a point in the operating circuit for the idle test 
relay R83. At its contacts 46, the relay R460 
opens a point in the path for transmitting Signal 
currents over the calling end of the connection. 
Due to the slow-to-release characteristics there. 

of, the relays R30 and R459 remain operated 
throughout the second series of impulses trans 
mitted to the link. 
Each time the rotary magnet 469 is energized, 

it operates to rotate the wiperS 66) to 663, in 
clusive, one step, and closes its contacts 409 to 
prepale an alternative operating circuit for the 
lock-pulse relay R439. This alternative circuit 
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is completed in response to the reoperation of 
the line relay R360 at the end of the open-circuit 
period of each impulse. Specifically, this circuit 
extends from ground by way of the contacts 489, 
C9?, the contacts 36, CS and the winding of 
R388 to battery. Each time the lock-pulse relay 
RA38 reoperates, it recompletes its holding cir 
cuit in the manner previously explained. 
From the above explanation, it will be under 

stood that in response to the impulses of the 
second digit, the wipers 356 to 663, inclusive, are 
rotated Step by Step until at the end of the digit 
they stand in engagement with the contacts 
terminating the conductors of the called line 6. 
During tie inter-digit pause between the Second 
and third digits, the line relay R36 and the 
lock-pulse relay R439 remain operated for an 
interval in exceSS of the combined release pe 
iods of the relays Ráic and R460. Upon restor 
ing, the relay R&O opens its contacts 472 to in 
terrupt the locking circuit for the relay R469, 
and closes its contacts i i" to reprepare the op 
erating circuit for the relay R469. At its con 
tacts 473, the relay R46 reprepares the operatr 
ing circuit for the busy test relay R53. At its 
contacts 3f2, the relay R4 also interrupts the 
above-traced path short-circuiting the Winding 
of the digit transfer relay R5 (), permitting the 
last-mentioned relay to be energized in Series 
With the relay R46 over a circuit, which extends 
by Way of the grounded release conductor 326c, 
the contacts 529, the Winding of R5:3, the con 
tacts 53', C49, the contacts 46 and the Wind 
ing of R46 to battery. When tinus energized, 

5 the relay R516 operates and locks up in a circuit 
including the grounded release conductor 325ic, 
the contacts SS2 and the resistor 559. After this 
locking circuit is completed, the relay RSS) opens 
its contacts 5 9 to interrupt its operating cir 
cuit and thus deenergize the relay R433, causing 
the latter relay to restore. At its contacts 5, 
the relay R5 prepares the operating circuit for 
the ring pickup relay R542. At its contacts 54, 
the relay R50 opens a point in the common por 
tion of the paths for Short-circuiting the tinning 
relay R64 and the lower Winding of the link 
release relay R343. At its contacts 55, the relay 
R5; prepares an alternative circuit for ener 
gizing the busy test relay R589, this circuit only 
being utilized in providing the restricted Service 
facilities described more fully hereinafter. At 
its contacts 56, the relay R50 prepares the 
operating circuit for the restricted Service relay 
R556. At its contacts 57, the relay R5s opens. 
a point in the cominion portion of the above 
traced branch circuits for energizing the relay 
R66 in parallel with the rotary magnet 499. At 
its contacts 548, the relay R5:3 prepares a cir 
cuit for transmitting impulses to the operating 
naginet 4 of the code selecting and conversa 
tion timing switch 45. The release of the pulse 
controlled relay R460 in response to operation 
of the digit transfer relay R50 is Without effect, 
at this time. 
The impulses of the third digit dialed at the 

calling substation are repeated by the line relay 
R360 and the lock-pulse relay R43 to the pulse 
controlled relay R470 and the operating magnet 
E864 of the switch 45 in parallel. In this case, 
the pulsing circuit extends from the grounded 
hold conductor C8 f by Way of the contacts 323 
and 355, C76, the contacts 43 and 359, C494 and 
the contacts 634 to C$20 where it divides, one 
branch extending by way of the contacts 534, C99, 
the contacts 452 and the Winding of R3 to bat 
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tery, and the other branch extending by way of 
the contacts 532 and 5 8, CSA and the winding 
of the magnet, 204 to battery. When thus ener 
gized at the beginning of the first impulse of the 
third digit, the relay R70 again completes the 
previously traced circuit for energizing the relay 
R460. The two relays R433 and R4 remain 
operated until shortly following the end of the 
digit. Each tile the Operating magnet (34 is 
energized over the pulsing circuit just traced, it 
cperates to step the wipers 003, 60 and 002 
one step, and closes its contacts CS3 to prepare 
ancther operating circuit for the lock-pulse re 
lay R433. When the enumerated wipers of the 
Switch 5 are moved off normal, the off-normal 
Springs C5 are disengaged to open a point in 
the operating circuit for the release magnet 49, 
and the off-normal Springs (6 are noved into 
engagement further to prepaire the circuit for 
energizing the release magnet C. In the pres 
ent case, the lock-pulse relay R430 is energized in 
response to each reoperation of the line relay 
R360 over a circuit which extends from ground 
by way of the contacts 83, C9, the contacts 
36?, CT 5 and the winding of R438 to battery. 
This relay, in reoperating, lockS. to ground 
through the contacts 433 and the resistor 428, 
and opens its contacts 43 to interrupt the pulsing 
circuit extending to the magnet 004 and the 
relay R. G. O. Thus, the magnet 04 is energized 
once in response to each impulse transmitted to 
the link over the calling line. Accordingly, the 
wipers of the switch 45 are, at the end of the 
digit, left in the off-normal position correspond 
ing to the code designation of the desired substa 
tion. 

Busy test 
At the end of the third digit, the pulse con 

trolled relays R47 O and R46C restore in the order 
named. The operations which occur in response 
to the sequential release of these relays depend 
upon the idle or busy condition of the called line 
f6. In this regard it will be noted that if this 
line is idle, the line, cut-off and lockout relays 
of the line circuit 20 are at normal so that the 
private conductor 6c of the line S is marked 
with negative battery potential through the wind 
ing of the cut-off relay RIS). On the other hand, 
if the line 6 is occupied with a call, the private 
conductor 6c is marked with ground potential 
over a path including the grounded test con 
ductor 6d and the engaged make contacts (4 
of the operated cut-off relay Rf60. 
Assuming that the called line 6 is busy at the 

time it is selected in the manner explained above, 
the relay R47 C, upon restoring at the end of the 
third digit, completes the prepared operating cir 
cuit for the busy test relay R530. This circuit ex 
tends by way of the grounded private conductor 
Gc, the private wiper 663, C689, the wiper C0, 
CSO or C68 and the contacts 637, depending upon 
the off-normal position occupied by the Wipers of 
the switch 45, C80, the contacts 473 and 463, C584 
and the upper winding of R530 to battery. When 
thus energized, the relay R530 operates and closes 
its contacts 537 to prepare a locking circuit for 
itself. At its contacts 53, the relay R530 opens 
another point in the operating circuit for the 
relay R479. At its contacts 532, the relay R530 
opens a point in the common portion of the 
operating circuits for the rotary magnet. 409 and 
the operating magnet 004. Thus, following 
operation of the busy test relay R539, the magnets 
408, 409 and 804, and the relays R460 and R4E0 
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are prevented from responding to further opera 
tion Cf the calling device provided at the calling 
Substation. At its contacts 533, the relay R539 
opens the prepared operating circuit for the re 
stricted service relay R550. At its contacts, 534, 
the relay R530 further prepares the operating cir 
cuit for the trunk-hunting relay R480. At its 
contacts 535, the relay R53 opens a point in the 
Cparating circuit for the idle test relay RS30. At 
its contacts 536, the relay R530-prepares a lock 
ing circuit for the switching-through relay R350 
and a path for connecting the release conductor 
326c to the test wiper 633. At its contacts 538, 
the relay R530 opens a point in another of the 
locking circuits for the switching-through relay 
R35C. At its contacts 53", the relay R530 pre 
pares the circuit for transmitting busy tone cur 
rent over the calling end of the connection. At 
its contacts 538', the relay R530 opens a point in 
tile circuits for tranSrinitting ringing current and 
tick-tone current over the calling end of the con 
nection. At its contacts 539, the relay R530 pre 
pares an alternative locking circuit for the lock 
pulse reiay R430, which circuit is utilized only in 
the event further impulses are inadvertently 
dialed at the calling substation. Thus, if an addit 
tional digit is dialed at the calling Substation after 
the three digits of the directory number designat 
ing the desired substation are dialed, the line re 
lay R266, upon restoring at the beginning of the 
open-circuit period of each impulse, opens the 
locking circuit for the lock-pulse relay R430, 
causing the latter relay to restore. Thereafter, 
and when the line relay R360 reoperates, the lock 
pulse relay R438 is energized over a circuit ex 
tending by Way of the grounded conductor C8, 
the contacts 323 and 355, Cl6, the contacts 43 
and 439, Cis, the contacts 634, C670, the con 
tacts 539, C3, the contacts 36 and C75 and 
the Winding of R430 to battery. When thus ener 
gized, the relay R430 locks to ground through its 
make contacts 433 and the resistor 428, and then 
opens its contacts 43 to interrupt the alterna 
tive operating circuit, just traced. 
Shortly following the operation of the busy 

test relay R63 in the manner pointed out above, 
the slow-acting pulse. controlled relay R460 re 
stores. At its contacts 465, the relay R460 com 
pletes the prepared locking circuit for the busy 
tast relay R530, this circuit extending by way 
of the grounded release Conductor 326C, the con 
tacts 53, C585, the contacts 465, C584 and the 
upper Winding of R530 to battery. At its con 
tacts 46, the relay R460 completes the prepared 
circuit for transmitting busy tone current over 
the calling end of the connection. This circuit 
parallels that traversed by the dial tone current 
as traced above, but is derived from the busy 
tone current source over a path including the 
conductor C549, the contacts 537, C587 and the 
cantacts 458. The reproduction of this signal 
current by the receiver provided at the calling 
substation. A serves to inform the calling sub 
scriber that the desired line is busy. The manner 
in which the operated switching equipment is 
released when the call is abandoned at the called 
substation is described with particularity herein 
after. 

Idle test 

In the event the called line 6 is idle at the 
time it is Selected, no circuit is provided for ener 
gizing the busy test, relay R530 when the pulse 
controlled relay R40 restores, the upper winding 
of the busy test, relay being short-circuited in 
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series with the winding of the cut-off relay R 60 
when the relay R470 restores. Shortly there 
after, and when the pulse-controlled relay R460 
restores, a circuit is completed for energizing 
the lower winding of the idle test relay R630 
in series with the cut-off relay R60, this circuit 
extending by Way of the grounded hold Conduc 
tor C8, the contacts 34, C82, the lower winding 
of R830, C63, the contacts 535, C583, the con 
tacts 466 and 43, C80 alone or C89 and the 
contacts 637 and C63 A, the wiper f00, C689, the 
test wiper S33, the private conductor 6c, the 
contacts 2 and the Winding of R60 to battery. 
When thus energized, the relay R630 closes its 
preliminary make contacts 638' to complete a 
locking circuit for itself. ihis locking circuit 
extends by Way of the grounded hold conductor, 
C81, the contacts 37 f, C , the contacts 638, C89, 
the contacts 32, CO and the upper winding of 
R630 to battery. At its contacts 635, the relay 
R630 opens another point in the previously traced 
operating circuit for the pulse-controlled relay 
R460. At its contacts 634, the relay R630 opens 
a point in the common portion of the previously 
traced operating circuits for the relayS R460 and 
R470, the rotary magnet 4529 and the operating 
magnet 364 of the switch 45. At its contacts 
633, the relay RS30 opens a point in the operat 
ing circuit for the trunk-hunting relay R480. At 
its contacts 63, the relay R630 opens one of the 
above-traced branches of the series operating 
circuit for itself and the cut-off relay R 60. At 
its contacts 83, the relay R630 prepares the oper 
ating circuit for the called simplex relay R620. 
At its contacts 632, the relay R630 completes the 
operating circuit for the Slow-to-operate line 
switching relay R650, this circuit extending by 
way of the grounded hold conductor C8, the 
contacts 37, CT, the contacts 632 and the wind 
ing of RS50 to battery. At its contacts 638, the 
relay R630 completes a path for impressing 
ground potential directly upon the private con 
ductor ic of the called line 6, this path ex 
tending from ground as applied to the hold con 
ductor C8 by way of the contacts 638 and the 
test wiper 663 to the conductor 6c. When this 
path is completed, the cut-off relay R. 69 pro 
vided in the line circuit 20 is fully energized and 
operates, and the called line 6 is marked against 
seizure by another of the connector switches. 
At its contacts 639, the relay R630 prepares a 
multiple locking circuit for the ring cut-off relay 
R520, and completes a multiple holding circuit 
for the hold slave relay R339. The latter circuit 
extends from ground by Way Of the contacts 639, 
C86 and the Winding of R330 to battery. At its 
contacts 639, the relay R630 shunts the contacts 
539' of the busy test relay R530, so that in the 
event any further impulses are dialed at the call 
ing substation they are absorbed in the manner 
explained above. 
At its contacts 636, the relay R630 prepares 

or completes one of the Operating circuits for 
the trunk-hunting relay R489, depending upon 
the setting of the code-Selecting and conversa 
tion timing switch 45. The last-mentioned relay, 
during the ringing period, serves to determine 
the side of a selected called line of the loop 
type over which ringing current is to be trans 
mitted, and is selectively controlled in accord 
ance with the odd or even character of the third 
digit dialed at the calling Substation. Thus, if 
the ringer provided at a called substation is con 
nected between the negative side of the asso 
ciated line and ground, a third digit comprising 
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an even number of impulses is dialed at the 
calling substation. In this case, the operating 
circuit for the relay R480 is completed in re 
sponse to operation of the idle test relay R630, 
this circuit extending by Way of the grounded 
hold conductor C8, the contacts 638, C680, the 
Wiper 00 bridging even-numbered contacts of 
its associated contact bank, C68, the contacts 
636, C58, the upper winding of R480, C498, the 
contacts 626, C499, the lower winding of R480 
and the contacts 44 to battery. It will be ob 
Served from the Wiring arrangement of the con 
tact bank associated with the wiper 00 f, that if 
a ringing digit is dialed at the calling substation 
Which comprises an odd number of impulses, the 
circuit just traced is not completed through the 
contact bank of the SWitch 45 and, accordingly, 
the trunk-hunting relay R480 remains in its re 
stored position. With the relay R480 in its re 
Stored position, the ringing current transmission 
circuits are prepared at the contacts 482 and 483 
for the transmission of ringing current over the 
positive side of the selected called line. With the 
relay R480 operated on the other hand, these cir 
cuits are opened at the contacts 482 and 483, 
and circuits are prepared at the contacts 48 
and 484 for the transmission of ringing current 
over the negative side of the called line, all in 
the manner more fully explained hereinafter. 
The line-switching relay R650, upon operating, 

closes its contacts 65 and 653 to prepare the 
ringing current transmission circuits, and opens 
its contacts 652 to interrupt the prepared or com 
pleted operating circuit for the called simplex 

5 relay R620. At its contacts 654, the relay R650 
prepares a circuit for energizing the back-bridge 
relay R60 over the called end of an established 
connection. At its contacts 655, the relay R65 
prepares a circuit for energizing the ring pickup 
relay R540 in accordance with the ground pulses 
conventionally applied to the pickup lead 658 by 
the ringing interrupter at the beginning of each 
code cycle. At its contacts 656, the relay R650 
Opens a point in the common portion of the op 
erating and test circuits controlled over the E. C. 
wiper 662. 

Classifying the called line 
As indicated in the introductory portion of the 

Specification, provisions are made in the line' and 
link circuits for distinguishing between lines of 
the Simplex and ground return type on the one 
hand, and lines of the loop type on the other 
hand, thereby to control the setting of the ring 
ing Control equipment and to select the type of 
ring Cut-Off to be utilized in terminating the 
transmission of ringing current over the asso 
ciated line. In signaling over a loop line, either 
side of the line may be used for ringing current 
transmission, and the ringing control equipment 
is automatically conditioned to provide instan 
taneous ring cut-off. Moreover, the arrangement 
is Such that the code-Selecting and conversation 
timing SWitch 45 determines the code of the ring 
ing current to be utilized in signaling over a 
called line and also determines, in accordance 
With the odd or even number of impulses trans 
mitted thereto, the side of the line over which 
the ringing current is to be transmitted. In sig 
naling Over a simplex or ground return line, on 
the other hand, the ringing control equipment 
is controlled from the line circuit associated with 
the called line to restrict the transmission of 
ringing current to the negative side of the line, 
regardless of the setting of the code-selecting and 
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conversation tinning SWitch 5, and is also condi 
tioned to provide silent period cut-Clf of the ling 
ing Curient ti?ansmission. this end, the 
marking paths described a love aid CCIntrolled 
by the Cut-Off and lockout relays of the line cir 
cuits are utilized to COint:"Ol tie Setting of the 
called simplex relay R62. Of the link iliustrated, 
and the corresponding relays of the other links. 
Thus, in the case under consideration, Wherei 
the called line 6 is of the ground return type, 
the cut-off elay R GO operates substantially con 
currently with the idle test relay R33) and prici 
to the operation of the line-switching relay R853. 
Upon operating, the relay Rise Completes the 
operating circuit for the Cailed Simplex relay 
R620, this circuit extending fron ground by Way 
of the contacts 5 and 63, the positive talkiing 
conductor f6, the positive iiie Wiper GSf, the 
contacts 652 and S3, and the upper Winding of 
R620 to battery. It Will be understood that in 
the event the line 6 is of the locp type, the 
marking path including the contacts is and 63 
is omitted from the line circuit, 20, so that, the 
relay R62) is not einergized in eSponse to the 
operation of the idle test relay RS3 and the Ci-. 
off relay RSC. 
In operating, the called. Sinplex relay R62. 

first locks to the grounded release Conductor 
326c over a path including its preliminary nake 
contacts 625. 
opens a point in the above-traced operating cir 
cuit for the trunk-hunting relay Ri8. At its 
contacts 62, the relay RS2) prepares the Operat 
ing circuit for the alternating curret ringiag 
control relay R58. At its contacts 62, the ice 
lay R620 prepares a circuit for energizing tie 
upper winding of the back-bridge relay R5 is ove' 
one side of a called line of the loop type. At its 
contacts 624, the relay R62) opens: a cilitia O2e 
of the operating circuits for the back-oridge re. 
lay R60. At its contacts, 62, the relay RS3 
prepares a circuit for energizing the relay R57. 
At its contacts 623, the relay R520 operas, a point 
in the common portion of the ringing, current. 
transmission circuits utilized in Signaling. Ove 
iines of the loop type. 
Shortly following the operation of the relay 

R620, the line-switching relay R550 operates to 
open its contacts 852 and tilus interrupt the op 
erating circuit for the relay R32. This circuit 
is further opened at the contacts 5 of the slow 
to-operate lock-out relay RG) When this relay 
operates in response to operation of the Cut-O3. 
reiay Ris. More specifically, the relay RESG, 
upon operating, closes its Coratacts 55 to coin 
plete an obvious circuit. for energizing the lock 
out reay R i55, closes its contacts is to COII 
nect, the test lead 3d to the grounded private 
conductor Gc, and opens its contacts G and 62 
to disconnect the windings of the line relay R. 

rt O 

from the taking conductors {a, and 65 of the 
line 6, thereby to clear the iine of the shunt 
impedance represented by these WilldingS. 

Ringing the called substation-grounded or 
simpler lines 

Ringing current transmission over the Selected 
called line S is initiated in response: to opera 
tion of the ring pickup relay R50, which occurs 
following the operation of the line-SWitching 
relay R650. More Specifically, when the ringing. 
interrupter operates to impress a ground pulse 
upon the pickup lead 658 at the beginning of the 
code cycle next following operation of the line 
switching relay R650, the pickup relay R540 is 

At its contacts 626, the reiayi RS3 

O 

5 

20 

40 

50). 

60: 

2,333,489 
energized over a circuit including this lead, the 
contacts 655, C598, the contacts 542 and 51 f, and 
the Winding of R40 to battery. When thus ener 
gized, the relay R50 locks to ground over a 
path including the contacts 5 and 54, CT, 
the contacts 3 and the grounded hold Con 
ductor C81. After tihis locking circuit is com 
pleted, the relay R54 operates its contacts 52 
to interrupt its operating circuit and disconnect 
the pickup lead 653 from ground. At its contacts 
544, the relay R50 opens a point in the Operating 
circuit for the battery reversing relay R420. At 
its contacts 543, the relay R50 prepares one of 
the operating circuits for the back-bridge relay 
R60. At its contacts 545, the relay R540 opens 
the path Short-circuiting the Winding of the 
alternating current relay R560. At its contacts 
548, the relay R540 opens a point in the circuit 
Over which tick-tone signal current may be im 
preSSed upon the calling end of the connection. 
At its contacts 547, the relay R540 prepares a 
path for transmitting ringing current over the 
caling end of the connection for the purpose 
of signaling the calling subscriber that the called 
Substation is being rung. At its contacts 546, 
the relay R540 completes a circuit for energizing 
the alternating current ringing control relay 
iR560 in accordance with the particular code of 
the ringing voitage in pressed upon the selected 
Code, lead. Thus, if the Wipers of the code-select 
ing and conversation timing switch 45 occupy 
their respective fourth off-normal positions, ring 
ing Current is transmitted through the winding 
of the relay R5S over a circuit which extends 
from the ungrounded terminal of the linging 
Current generator by way of the code 4 ringing 
Current lead, the wiper CEO, C67, the resistor 
549, the contacts 546, the winding of R560, C674, 
the contacts 627, 646 and 645, C687 and the wiper 
fo2, to the grounded terminal of the ringing 
Current Source. It Will be noted that if the wipers 
of the Switch 45 occupy their ninth or tenth off 
normal positions, the portion of this circuit ex 
tending from the contacts 627 to the grounded 
terminal of the ringing current generator is 
Slightly different. Thus, if these wipers engage 
their respective associated ninth contacts, the 
circuit extends from the contacts 627 by way 
of the contacts 646, 645 and 644, C686, the wiper 
002, C683, the contacts 648 and C682 to the 

grounded terminal of the ringing current gen 
erator. If the Wipers of the switch 45 engage 
their respective associated tenth contacts, the 
indicated portion of the operating circuit for 
the relay R560 extends from the contacts 627 
by Way of the contacts 646, C685, the wiper 002, 
C684, the contacts. 649 and C682 to the grounded 
terminal of the ringing current generator. It 
Willi also be noted that a portion of the ringing 
Current transmitted over the selected code lead 
is caused to traverse a circuit including the wiper 
f000, C877, the resistor 549, the contacts 546, 
the condenser 579, the contacts 547 and 538, 
C58, the contacts 458, the condenser 445, the 

5 contacts 467, C82, and the repeating coil winding 
62. The current traversing the last-mentioned 

Circuit is, by induction, repeated to the calling 
end of the connection and is reproduced by the 
receiver provided at the calling substation to 
indicate that the callied substation is being rung. 
The ringing relay R560, upon operating, closes 

its contacts 551 to complete an obvious circuit 
for energizing the back-bridge relay R570. The 
relay R50 now operates and closes its contacts 
573 to complete the prepared circuit for ener 
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gizing the lower winding of the back-bridge relay 
R60, this circuit extending from ground by way 
of the contacts 573 and 543, C599 and the lower 
winding of R60 to battery. At its contacts 57, 
the relay R570 opens a point in the prepared 
Operating circuit for the ring cut-off relay R520. 
At its contacts 572, the relay. R570. completes 
the prepared circuit for transmitting ringing 
Current over the negative side of the selected 
line 6 to energize the ringers bridged between 
this side of the line and ground. More specifi 
cally, the circuit traversed by the ringing current 
extends from the ungrounded terminal of the 
ringing current generator by Way of the selected 
code lead, the wiper 1000, C677, the resistor 549, 
the contacts 545, 572 and 52, C588, the contacts 
65 f, the wiper 669, the negative talking conductor 
6a, and through the parallel connected ringers 
bridged between this conductor and ground to 
the grounded terminal of the ringing current 
generator. All of the ringers bridged between 
the negative side of the line 6 and ground oper 
ate when energized by the current traversing 
this circuit. 
The relay RS 9, upon operating, closes its con 

tacts 6 2 to prepare a drain circuit for discharg 
ing, at the end of the ringing period, the en 
ergy stored in the distributed capacitance of the 
line and in the ringing condensers, connected 
in series with the station ringers. At its contacts 
63 the relay R6 fo opens another point in the 
operating circuit for the ring cut-off relay R52. 
At its contacts 64, the relay R60 prepares the 
operating circuit for the restricted service relay 
R550. At its contacts 613, the relay R60 com 
pletes a path including the conductors C592 and 
C593 and the contacts 525 for short-circuiting its 
upper winding, thereby to render itself slow-to 
release. At its contacts 65 the relay R60 con 
nects the test conductor C80 to the test wiper 
663, this operation being without effect at the 
present time. At its contacts 6 ft, the relay R60 
prepares a path for impressing ground potential 
upon the positive line wiper 66. 
The three relays R560, R570 and R50 remain 

Operated during the ringing interval. At the end 
of this interval the selected code lead is discon 
nected from the ungrounded terminal of the 
ringing generator by the ringing interrupter, so 
that the relays R560, R50 and R60 restore in 
the order named and in an obvious manner. 
Due to the short-circuited condition of the upper 
winding of the relay R60, a short interval occurs 
between the release of the relay R57 C and the 
restoration of the relay R60. During this in 
terval the above-mentioned resistance drain 
path is completed, this path extending from the 
negative talking conductor 6a, by Way of the 
wiper 660, the contacts 651, C588, the contacts 
52 and 57, C589, the contacts 62, the resistor 
69 and the contacts 639 to ground. The com 
pletion of this path permits the accumulated 
energy on the line 6 to be dissipated, before the 
relay R30 restores to reprepare the operating 
circuit for the ring cut-off relay R529. Thus 
the energy accumulated on the line 6 during the 
ringing interval is not discharged through the 
operating winding of the ring cut-off relay R529, 
and premature operation of this relay is posi 
tively precluded. It will be noted that the re 
sistance drain path just described is interrupted 
at the contacts 62 in response to the release of 
the relay R60. 
The relays R560, R570 and R.68 operate and 

restore at the beginning and expiration of each 
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additional ringing period in the exact manner 
just described. 

it he desired conversational circuit between the 
- calling and called substations is completed at the 
beginning of the first silent or spacing interval 
following the answering of the call at the called 
SubStation. In this regard it will be noted that 
with the relays R570 and R6 10 operated, the 
Operating circuit for the ring cut-off relay R520 
is held open at the contacts 57 and 6 3. Ac 
Coldingly, this relay cannot operate until the 
Iirging period in progress is terminated. When, 
towever, the two relays R57) and R60 restore 
after the call is answered at the called substa 
tion, the operating circuit for the relay R52) is 
completed, this circuit extending, in the case of 
a lice of the grounded return type, from ground 
ily Way of the negative or metallic talking con 
ductor of the line, the wiper 669, the contacts 
$51, C583, the contacts 52 and 5: , C589, the 
contacts 643, C95, the contacts 482, C98, and the 
tipper Winding of R520 to battery. In the event 
the called line G is of the simplex type, a par 
allel branch of the circuit, just traced extends 
from ground icy Way of the positive talking con 
ductor of the line, the wiper 66, the contacts. 
S53, C538, the contacts 523, C96, the contacts 483, 
C595, the contacts 62 and 63, C95, the contacts 
4:32, C38 and the upper winding of R520 to bat 
tery. When its upper winding is energized over 
either or both of these circuits, the relay R520 
closes its preliminary make contacts 527 to con 
plete a locking circuit for itself, this circuit ex 
tending from ground by way of the contacts 375, 
C86, the contacts 527 and the lower Winding of 
R.32 to battery. After this locking circuit is 
completed, the relay R52 opens its contacts 52 
and 523 to interrupt both branches of its operat 
i:g circuit as traced above, and to open the 
aiove-traced ringing current transmission cir 
cuit, thus terminating the transmission of ring 
ing current over the called line. At its contacts 
525, the relay R528 opens a point in the above 
traced path for short-circuiting the upper Wind 
ing of the back-bridge relay R-6). At its con 
tacts 525, the relay R520 prepares a circuit for 
energizing the upper Winding of the relay R-6 
in series with the upper winding of the relay 
R573 and the two sides of a selected called line 
of the loop type. At its contacts 522 and 524, 
the relay R520 connects the wipers 660 and 66: 
to the line terminals of the repeating coil wind 
ings 482 and 494 and in so doing completes a 
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circuit for energizing the upper winding of the 
back-bridge relay R570. In the event the called 
line is of the ground return type the last-men 
ioned circuit has only one branch, this branch 
extending from ground through the Substation 
equipment provided at the called substation by 
way of the negative or metallic side of the called 
line, the wiper 660, the contacts 65 , C588, the 
contacts 522, C82, the repeating coil winding 432, 
C93 and the upper winding of R50 to battery. 
In the event the called line is of the simplex type 
a parallel branch of the circuit just traced is 
also completed when the ring cut-off relay R52) 
operates, this branch extending from ground 
through the substation equipment at the called 
substation by Way of the positive side of the 
called line, the wiper G6, the contacts 653, C59), 
the contacts 524, C3, the repeating coil winding 
&34, CS4, the contacts 622, C93 and the upper 
winding of R50 to battery. 
At its contacts 528, the relay R520 completes 

the operating circuit for the timing relay R640, 
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this circuit being subsequently described with 
reference to the conversation timing facilities 
provided in the link. At its contacts 529, the 
relay R52 interrupts the established locking cir 
Cuit for the digit transfer relay R50, causing the 
latter relay to restore. At its contacts 528, the 
relay R520 opens a point in the operating cir 
cuit for the release magnet . At its con 
tacts 529', the relay R529 completes the prepared 
operating circuit for the release magnet C87 of 
the code selecting and timing switch 45. This 
circuit extends from ground by way of the con 
tacts 529', C676, the contacts 649, C90, the off 
normal Springs G6 and the Winding of the 
magnet f OOT to battery. When thus energized 

0. 

the magnet (OCT attracts its holding pawl in the 
usual manner, permitting the wipers CG, C) 
and 002 to be returned to normal. When these 
Wipers are restored to normal, the Off-normal 
Springs f06 are opened to deenergize the re 
lease magnet fel, and the off-normal springs 
005 are closed, further to prepare the operating 

circuit for the release magnet 4. 
The digit transfer relay R5 8, upon restoring, 

OpenS its contacts 516 further to interrupt the 
operating circuit for the restricted service relay 
R550, opens its contacts 515 further to interrupt 
an incomplete alternative operating circuit for 
the busy test relay R539, opens its contacts 5 
further to interrupt its own locking circuit, closes : 
its contacts 59' to reprepare its own operating 
circuit, closes its contacts 54 to complete the 
operating circuit for the timing relay R643, and 
opens its contacts 5f to interrupt, the established 
holding circuit for the pickup relay R540. At its 
contacts 57, the relay R50 reprepares the oper 
ating circuit for the relay RASC) and the rotary 
magnet 409. At its contacts 58, the relay R5? 
opens another point in the previously traced 
operating circuit for the operating magnet S 
of the Switch 45. 
The back-bridge relay R570, upon operating, 

closes its contacts 573 to prepaire the operating 
circuit for the battery reversing relay R430. At 
its contacts 57 and 572, the relay R50 rear 
ranges the ringing current transmission and ring 
cut-off circuits, but without effect at this time. 
The relay R549, upon restoring, cpens its con 
tacts 543 further to interrupt the above-traced 
operating circuit for the back-bridge relay R.S., 
and closes its contacts 542 to reprepare its own 
operating circuit. At its contacts 54, the relay 
R540 opens another point in its locking circuit 
as traced above. At its contacts 544, the relay 
R540 completes the prepared operating circuit 
for the battery reversing relay R420, this circuit 
extending from ground by way of the contacts 
573 and 544, C582 and the winding of R42) to 
battery. At its contacts 55, the relay R540 re 
prepares the path for short-circuiting the wind 
ing of the alternating current relay R56. At its 
contacts 546, the relay R540 opens another point 
in the ringing current transmission circuits 
traced above. At its contacts 545 and 54, the 
relay R540 opens two points in the above-traced 
path for transmitting ringing current over the 
calling end of the connection, thus terminating 
the ringback tone signal. At its contacts 548, 
the relay R540 prepares the above-mentioned 
path for transmitting tick-tone signal current 
over the calling end of the connection. 
The battery reversing relay R420, upon Oper 

atting, opens its contacts 425 to interrupt th& 
previously traced circuit for energizing the link 
release relay R340 and the timer start relay R90 
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in series. At its contacts 42, the relay R420 
Opens a point in the locking circuit for the link 
release relay R3s, causing the latter relay to 
restore if operated. At its contacts 426, the re 
lay R420 opens a point in the previously traced 
path for short-circuiting the winding of the line 
relay R440. When this path is opened the relay 
R440 is energized in series with the relay R380 
and reoperates in the event the calling line is of 
the loop type. At its contacts 42? to 424, in 
clusive, the relay R420 reverses the direction of 
current flow over the calling circuit in the event 
the calling line is of the loop type. This cur 
rent reversal is utilized for supervisory purposes 
in handling trunk calls of the character described 
hereinafter. If the calling line is of the sim 
plex or ground return type, the operation of the 
contacts 42 to 424, inclusive, is without effect. 
As indicated above, the link release relay R340 

is deemergized and restores in response to the 
operation of the battery reversing relay R429. 
This relay, upon restoring, opens its contacts 343 
to interrupt the connection between the time cut 
off lead C344 and the hold conductor C8 f, and 
closes its contacts 342 to impress ground poten 
tial directly upon the hold conductor C8. At its 
contacts 341, the relay R340 opens a further 
point in its locking circuit as traced above. 

Following the relay operations just described 
the desired conversational circuit between the 
calling and called substations is fully established. 
The calling end of this circuit comprises the two 
talking conductors: 9a, and 9b, the two trunk con 
ductors 326a and 326 b, the repeating coil wind 
ings 49 and 403, and the condenser 405. As 
Suming that the line 9 is of the loop type, talk 
ing battery is Supplied to the transmitter pro 
vided at the calling substation. A through the 
Windings of the line relayS R360 and R440. In 
the event the line 9 is of the simplex type, talk 
ing battery may be supplied to the transmitter 
provided at the Substation A over the two sides 
of the line in parallel or may be furnished local 
ly at the substation. The called end of the voice 
current transmission circuit includes the line 
conductors 6a and 6b, the condenser 92, the 
ground return side of the line, the trunk con 
ductors C588 and C590, C92 and C97, the repeat 
ing coil windings 402 and 404, and the condenser 
406. Current for energizing the transmitter pro 
vided at the called substation C may be supplied 
through the upper winding of the back-bridge re 
Iay R570 or locally at the Substation C as re 
quired. 

Ringing the cailed substations-loop lines 
As pointed out above, if a selected called line 

is of the loop type, the transmission of ringing 
current over the called line to signal the desired 
substation is accomplished in a manner slightly 
different from that just described. In this re 
gard it Will be recalled that when a line of the 
loop type is selected, the called simplex relay 
is not energized. Accordingly, the operating cir 
cuit for the alternating current relay R53G is held 
Open at the contacts S27 during the ringing 
period. With the relay R520 in its restored posi 
tion, the pickup relay R540, upon operating, 
transnits ringing current directly to the selected 
Side of the called line. In this regard it will be 
recalled that if the ringer provided at the de 
Sired Substation is connected between the nega 
tive side of the called line and ground, a ringing 
digit is dialed at the calling substation which 
comprises an even number of impulses, so that 
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the trunk hunting relay R43) is operated during 
the ringing period. With this relay operated, 
the ringing current transmission circuit may be 
traced as extending from one of the even-num 
bered code leads by way of the wiper C9, C677, 
the resistor 549, the contacts 546, C59, the con 
tacts 623, C595, the contacts 48, C95, the con 
tacts 63, C589, the contacts 57 and 52, C588, 
the contacts 65 and the wiper 669 to the nega 
tive side of the called line. After traversing the 
negative talking conductor of the called line, the 
ringing Current traverses the Windings of the 
ringer provided at the called substation and fol 
loWs the ground return path to the grounded 
terminal of the ringing current generator. Fron 
the preceding explanation it will be recalled that 
if the ringer provided at the called substation 
is connected between the positive side of the as 
sociated line and ground, the ringing digit dialed 
at the calling substation Will necessarily comprise 
an odd number of impulses, such that the oper 
atting circuit for the trunk hunting relay R488 
is not completed through the contact bank asso 
ciated With the wiper C3 . Accordingly, the 
relay R38 remains in its restored position. With 
this relay deemergized the ringing current trans 
mission circuit may be traced as extending from 
an odd-numbered code lead by Way of the wiper 
(9), CST, the resistor 549, the contacts 546, 
C59, the contacts 623, C595, the contacts 583, 
C96, the contacts 523, C596, the contacts 653 and 
the wiper 6 to the positive side of the called 
line. After traversing the positive talking con 
ductor of the called line, the ringing current is 
transmitted through the Windings of the ringer 
provided at the called substation and follows the 
ground return path to the grounded terminal 
of the ringing current generator. 
In the event the ringer provided at the desired 

Substation is bridged across the two conductors 
of the associated line, the ringing current may 
traverse the loop circuit including the two metal 
lic sides of the line in either of two directions, 
depending upon the setting of the trunk hunting 
relay R43. If this relay is operated during the 
ringing period the ringing current is transmitted 
to the negative talking conductor of the called 
line over the circuit traced above, and is returned 
to the grounded terrainal of the generator over 
a path including the positive talking conductor 
of the called line, the wiper SS , the contacts 653, 
C589, the contacts 533, C36, the contacts 484, 
C98, the upper winding of R.522 and the exchange 
battery. On the other hand if the trunk hunt 
ing relay R43 occupies its restored position dur 
ing the ringing period, such that ringing current 
is projected over the positive side of the called 
line, the return path extending to the grounded 
terminal of the ringing current generator ex 
tends by Way of the negative talking conductor 
of the called line, the wiper 669, the contacts 
S5i, C588, the contacts 52 and 57, C589, the 
contacts 6 3, C95, the contacts 432, C98, the up 
per winding of R523 and the exchange battery. 

It will be understood that the ringing current 
projected over either side of a selected called 
line not only traverses the windings of the ringer 
provided at the called substation, but also the 
windings of the ringers provided at other Sub 
stations and connected in parallel thereWith. 
The coded character of the signals produced 
through operation of these ringers serves to in 
icate the particular substation which is being 

called. 
When the call is answered at the called Sub 
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station the upper winding of the ring cut-off re 
lay R520 is instantly energized over one of two 
paths, depending upon the setting of the trunk 
hunting relay R480. If this relay is operated the 
circuit for energizing the ring cut-off relay R520 
may be traced as extending from ground through 
the ringing current generator by way of the se 
lected even-numbered code lead, the wiper 000, 
C677, the resistor 549, the contacts 546, C59, 
the contacts 623, C595, the contacts 484, C95, 
the contacts 623, C589, the contacts 57 and 52, 
C388, the contacts 65 , the wiper 660, the nega 
tive talking conductor of the called line, the 
bridge established across the talking conductors 
of the called line when the call is answered, the 
positive side of the called line, the wiper 66t, 
the contacts 653, C596, the contacts 523, C96, the 
Contacts 384, C98 and the upper winding of R52) 
to battery. In the event the trunk hunting re 
lay R480 occupies its restored position at the 
time the call is answered, the operating circuit 
for the ring cut-off relay R520 may be traced 
as extending from ground through the ringing 
current generator by Way of the selected odd 
numbered code lead, the wiper 08, C677, the 
resistor 549, the contacts 546, C591, the contacts 
623, C595, the contacts 483, C96, the contacts 523, 
C590, the contacts 653, the wiper 66 , the positive 
talking conductor of the called line, the bridge 
established across the talking conductors of the 
called line at the called substation, the negative 
talking conductor of the called line, the wiper 
660, the contacts $51, C538, the contacts 52 and 
5, C589, the contacts 63, C95, the contacts 
482, C93 and the upper winding of R52 to bat 
tery. 
When energized over either of these circuits 

the ring cut-off relay R.52 operates to perform 
the functions described above, among which is 
the completion of the operating circuit, for the 
back-bridge relay R57). In the present case 
wherein the called line is of the loop type, this 
Operating circuit includes the upper winding of 
the back-bridge relay RS ). More specifically, 
this circuit extends from ground by way of the 
contacts 654, the upper winding of R6 10, C593, 
the contacts 526, C594, the contacts 624, C94, the 
repeating coil winding 404, C97, the contacts 524, 
C59, the contacts 653, the wiper 66, the positive 
talking conductor of the called line, the bridge 
established between the talking conductors of the 
called line at the called substation, the negative 
talking conductor of the called line, the wiper 
669, the contacts 65, C588, the contacts 522, 
C92, the repeating coil winding 482, C93 and the 
upper winding of R59 to battery. Current for 
energizing the transmitter provided at the called 
substation is supplied over this circuit. When 
thus energized the two relayS R5 and R60 
both operate. The relay R57, upon operating, 
causes the operation of the battery reversing re 
lay R42, followed by the release of the link re 
lease relay R34) in the exact manner described 
above. The operation of the back-bridge relay 
RSO is without effect. Following the operation of 
the relays R.522), R570, RSO and R.42, and the 
release of the relays RSC, R54 and R340 in the 
manner previously explained, no further opera 
tion of the link circuit apparatus occurs until 
the connection is released at One or both of the 
calling and called substations. 

Release 
The normal release of the link circuit equip 

ment is under the control of the calling Subscriber 
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at the substation A. Thus, if the connection is 
abandoned at the called Substation C before it is 
released at the calling substation, the back 
bridge relay R57) is deenergized and restores. If 
the called line is of the loop type the back-bridge 
relay R63 is also deemergized when the called 
party restores the receiver provided at the called 
substation to its Supporting hook or cradle. The 
release of the relay R60 is without effect. The 
relay R5, upon restoring, opens its contacts 573 
to interrupt the operating circuit for the battery 
reversing relay R20. The relay R420, upon re 
storing, reverses the direction of current flow 
over the calling end of the connection, aSSunning 
the calling line to be of the loop type, and recom 
pletes the circuit for energizing the upper wind 
ing of the link release relay R340 in series with 
the upper winding of the timer start relay R9 f). 
Thus, the link release relay R340 is again condi 
tioned to be controlled by the permanent timer 5. 
When the connection is released at the calling 

end thereof the line relay R330 is deenergized and 
restores. If operated, the relay R44) is also de 
energized when the receiver provided at the call 
ing substation is restored to its supporting hook or 
cradle. The release of the relay R449 is without 
effect. The relay R369, upon restoring, opens its 
contacts 36 to interrupt the holding circuit for 
the lock-pulse relay R430, and opens its contacts 
363 to interrupt the holding circuit for the hold 
relay R3. The relay R430, upon restoring, 
opens its contacts 432 to interrupt the operating 
circuit for the hold relay R3C and thus cause the 
release of the latter relay. The relay R3T 0, upon 
restoring, opens its contacts 372 to interrupt one 
of the paths over which ground potential is in 
pressed upon the release conductor 326c. At its 
contacts 3 the relay R370 opens the locking cir 
cuit for the idle test relay R630, and the operating 
circuit for the line switching relay RS50, causing 
both of these relays to restore. At its contacts 
375, the relay R370 interrupts the operating cir 
cuit for the hold slave relay R330 and one of the 
holding circuits for the ring cut-off relay R520. 
The relay R638, upon restoring, opens its con 

tacts 633 to interrupt the holding circuits for the 
hold slave relay R333 and the ring cut-off relay 
R520. At its contacts 638, the relay R630 discon 
nects the test wiper 663 from ground, thereby to 
initiate the release of the line circuit 20 in the 
manner described hereinafter. The relay R330, 
in releasing, opens its contacts 332 and 336 to 
interrupt the operating and locking circuits for 
the link release relay R349. At its contacts 335, 
the relay R320 disconnects the release conductor 
325c from ground. When this conductor is dis 
connected from ground the operated ones of the 
four relays R320, R40, R480 and R620 are de 
energized and restored. The relay R330, upon 
restoring, also completes the prepared operating 
circuit for the release magnet 07, this circuit 
extending from ground by way of the contacts, 
324 and 359, C90, the off-normal springs O96 and 
the winding of the magnet 907 to battery. When 
thus energized the magnet 607 attracts its hold 
ing pawl, permitting the wipers O90, 00 and 
e2 to be returned to normal. During the release 

of the switch 45, the off-normal springs 006 are 
disengaged to deenergize the release magnet OOT, 
and the off-normal springs 005 are moved into 
engagement to complete the prepared operating 
circuit for the release magnet 407. The last 
mentioned circuit extends from the grounded 
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005, CST8, the contacts 528, C586, the off 
normal springs 46 and the winding of the re 
lease magnet 9 to battery. When thus ener 
gized the magnet 60 attracts its holding pawl, 
permitting the wipers 660 to 6S3, inclusive, to be 
returned to rotary and vertical normal in the 
usual nanner. When these wipers are restored 
to normal the off-normal springs 46 are disen 
gaged to deenergize the release magnet 4) T and 
the Off-normal Springs 47 are moved into en 
gagement to reprepare the holding circuit for the 
line relay R44. In addition, the off-normal 
springs 44 and A68 are respectively moved into 
engagement and the off-normal springs 45 are 
disengaged, whereby the control circuits for the 
calling simplex relay R49, the line relay R440 
and the digit transfer relay R453, are all re 
Stored to normal. Following the Operations just 
described the connector portion of the link is 
fully released. 
When ground potential is removed from the 

test wiper 663 the cut-off and lockout relays 
RS) and R, f 59 of the line circuit, 20 are de 
energized and sequentially restore in an obvious 
manner. The Substitution of negative battery 
potential, as derived through the winding of the 
cut-Cff relay R. 69 for ground potential on the 
private conductor Gc, serves to identify the line 
6 as idle in the bank contacts of the connector 
SWitches. 
When the release conductor 326 c is discon 

nected from ground in the manner just described, 
the finder Switch is released in a manner well 
understood in the art, and the link illustrated 
is marked as idle in the link selecting circuits 
of the distributor 22. The removal of ground 
potential from the release conductor 326c also 
results in the deenergization and sequential re 
lease of the cut-off and lockout relays R 20 and 
Rlf, respectively. When these relays restore 
the line circuit is is fully released and negative 
battery potential is impressed upon the private 
conductor 9C of the line 9, thereby to mark this 
line as idle in the bank contacts of the con 
nector Switches. 
In the event the connection is released at the 

calling substation. A prior to its release at the 
called substation C, the line circuit 0, the finder 
Switch and the connector switch 40 are re 
stored to normal in the exact manner described 
above. It is noted, however, that in such case 
the back-bridge relays R570 and R60 are de 
energized and restore to cause the release of the 
battery reversing relay R420, in response to the 
release of the line Switching relay R650. It is 
further noted that when the cut-off relay R 60 
restores in response to the removal of ground 
potential from the private conductor Gc, the 
Windings of the line relay Rf70 are again con 
nected to the conductors of the line 6. Since 
a calling condition still persists on this line, the 
line relay R79 operates to complete the pre 
pared locking circuit for the lockout relay R150, 
this circuit extending from ground by way of 
the contacts 4 and 53, and the winding of 
R 50 to battery. Thus the line relay R? 70 and 
the lockout relay R50 are held operated until 
the called Subscriber restores the receiver pro 
Vided at the called substation to its supporting 
hook. Or cradle, to terminate the calling condition 
present on the line 6. With these two relays 
Operated, ground potential is impressed Upon the 
private conductor 16c to guard the line 6 against 
Seizure, and the path for impressing ground pO 

conductor C90 by way of the off-normal Springs 75 tential upon the distributor start lead is held 
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open at the contacts, 54. Obviously, the line re 
lay RTO and the lockout relay R50 are de 
energized in sequence when the call is abandoned 
at the called substation. C. 
The manner in which the link comprising the 

finder Switch; if and the connector SWitch 40 is 
released, following selection of a busy called line, 
is Substantially similar to the release of the link 
as described above. In this regard it will be re 
called from the preceding explanation that fol. 
lowing the selection of a busy called line the 
relays R360, R330, R323, R3T G. R438, R510, R538, 
and possibly the relays R349, R410 and R446, 
are. Operated in the connector Switch. 4) follow 
ing the selection of a busy called line. When 
the connection is cleared out at the calling sub 
station the relays R360, R440 if operated, R430 
R30, RS30, R34 and R320 are released in se 
quence and in the exact manner described above. 
The relays R33) and R37 (), upon restoring, dis 
connect the release conductor 326c from ground, 
thereby to cause the release of the finder switch 
lf and the line circuit foin the manner explained 
above. The relay RS29, upon restoring, also conn 
pletes the operating circuit for the release mag 
net 20, whereby the code selecting and con 
versation timing switch 5 and the Strowger 
Switching mechanism of the switch 40 are se 
quentially restored to normal. The digit trans 
fer relay R50 and the busy test relay R530 are 
deenergized and restore, when the release con 
ductor 328c is disconnected from ground. Thus 
the link circuit equipment is fully restored to 
normal. 

Conversation timing 
* AS indicated above, the slow-to-operate timing 
relay R640 functions to time local call connec 
tions: resulting from calls originating at fully 
restricted Substations. In the event the link 
illustrated is seized over a calling line serving 
Substations of this character, and the desired 
called line is idle, the ring cut-off relay R520 op 
erates in the manner explained above to termi 
nate the transmission of ringing current over 
the called line when the call is answered. This 
relay, in operating, epens its contacts 529 to in 
terrupt the locking circuit for the digit transfer 
relay R5), causing the latter relay to restore. 
At its contacts 528 the relay R520 completes the 
iOperating circuit for the timing relay R640. This 
circuit extends from ground by way of the wind 
ing of RSO, C598, the contacts 52, CT2 and the 
resistor 345 to battery. In operating, the relay 
R64 opens its contacts 64 to interrupt one of 
the parallel branches of the circuit for energiz 
ing the control relay R329. At its contacts 642, 
the relay R64 prepares a circuit for transmit 
ting timed impulses to the operating magnet foe4 
of the Switch 45. At its contacts 643 and 641, 
the relay R649 further prepares the previously 
lmentioned circuit frr transmitting tick-tone cur. 
rent over the connection. At its contacts 644, 
(65, 843.and 648, the relay R.640 opens points 
in the previously traced ground return paths 
utilized for ringing current transmission during 
the ringing period. At its contacts 646, the re 
lay R60 also opens a point in the previously 
traced operating circuit for the ringing control 
relay R589. At its contacts €47 and 648, the 
relay R60 prepaires one of the operating circuits 
for the reverting-call relay R320. At its con 
tactS 69', the relay, R349 opens a point in the 
operating circuit for the release magnet to 07, as 
traced above. 
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Following the operation of the relay R640 at 

the start of the conversation period, the pulsing 
relay R930 responds to operation of the conver 
sation timer 53, to transmit timed ground pulses 
over a path including the contacts 93, C679, the 
contacts 642 and C67, to the operating magnet 
004 of the switch 45, causing this switch to op 

erate as a time measuring device. At the ex 
piration of a predetermined time interval the 
wipers of this switch are advanced to the ninth 
off-normal position, wherein the previously men 
tioned circuit is completed for impressing tick 
tone signal voltage upon the established connec 
tion. This circuit may partially be traced as ex 
tending from the high potential terminal of the 
tick-tone signal current source by way of the 
conductor C657, the contacts 643, C686, the wiper 
182 bridging its associated ninth contacts, C683, 
the contacts 647, C675, the contacts 548 and 
538, C587, the contacts 458, the condenser 445, 
the contacts 467 and C92 to the negative side of 
the circuit extending to the called Substation. " 
From this point the tick-tone signal current is 
transmitted directly through the receiver pro 
vided at the called substation and is by induction 
repeated through the repeating coil of the con 
nector to the calling end of the connection, to be 
reproduced by the receiver provided at the call 
ing substation. The reproduction of this signal 
Current by the receivers at the calling and called 
substations serves to inform the parties convers 
ing over the established connection that the con 
nection Will shortly be released. 
In the event the connection is immediately 

cleared Out at the calling substation, the link 
circuit equipment is released in the exact man 
ner described above, it being noted that the tin 
ing relay R640 is deenergized and restores in re 
Sponse to the release of the ring cut-off relay 
R520. On the other hand, if the connection is 
held from the calling substation for a substan 
tial time interval after the tick-tone signal is 
received, the Wipers of the Switch 45 are ad 
Vanced to the tenth off-normal position, wherein 
the prepared operating circuit for the reverting 
call relay R3 () is completed. This circuit ex 
tends by way of the grounded hold conductor C8, 
the contacts 648, C684, the wiper f002 bridging 
its associated tenth contacts, C685, the contacts 
647, C85 and the winding of R30 to battery. 
Upon operating, the relay R.3?) opens its contacts 
3f and 32 to interrupt the operating circuit for 
the line relays R360 and R43). At its contacts 
35, the relay R3C opens the operating circuit 
for the control relay R323). At its contacts 3 f6, 
the relay R3 opens one of the paths over which 
ground potential is impressed upon the release 
Conductor 326c. At its contacts 3 ft, the relay 
R30 locks to the grounded hold conductor C8 
and completes a multiple locking circuit for the 
hold relay R33, this circuit including the 
grounded conductor C85 and the contacts 37, 
355 and 363. At its contacts 33, the relay R3 G 
completes an Operating circuit for the called sim 
plex relay R620 in the event the calling simplex 
relay R40 is operated. The resulting operation 
of the called simplex relay R62O is without effect 
at this time. At its contacts 3 8, the relay R30 
completes One of the operating circuits for the 
idle test relay R63, but the resulting operation 
of the latter relay is also of no effect at this time. 

: The line relay R360, upon restoring, causes the 
release of the relay R438 in the manner previously 
explained. When these relays restore, the link 
circuit equipment is released in the exact man 
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ner explained above. The control relay R320, in 
restoring, completes the previously traced operat 
ing circuit for the release magnet fool and opens 
the locking circuits for the reverting call relay 
R30, the idle test relay R630 and the line switch 
ing relay R.650. Thus, the relays R630, R 650 and 
R330 are deenergized and release. During the 
release of this equipment, the called simplex re 
lay R620 is deemergized and restores in response 
to the removal of ground potential from the re 
lease conductor 326c; the timing relay R640 is 
deenergized and restores in response to the re 
lease of the ring cut-off relay R520, and the re 
verting-call relay R3 0 is deenergized and re 
stores in response to the release of the timing re 
lay R640. During the release of the link circuit 
equipment, and When ground potential is removed 
from the release conductor 326c and the test 
wiper 663, the line circuits terminating the call 
ing and called line assume their line lockout set- : 
tings, wherein the line and lockout relays thereof 
are operated. This is accomplished in the man 
ner explained above with reference to the opera 
tion of the line circuit 20 terminating the line 6. 
So long as these line circuits occupy their line 
lockout Settings the respectively associated lines 
are guarded against Seizure, and the start cir 
cuits extending to the distributor 22 are held 
open. These two line circuits are restored to 
normal when the call is abandoned at the calling 
and called substations, respectively. 

In the event the link illustrated is seized over 
a calling line Serving SubStations arranged for 
Semi-restricted or non-restricted Service, the op 
eration of the conversation timing equipment is 
blocked so that a connection set up to a desired 
called line through the link may be held for a 
period of unlimited duration. Assuming that the 
calling line is connected to Serve Substations ar 
ranged for semi-restricted Service, the E. C. Con 
tact of the contact Set in each finder Switch to 
which the conductors of the calling line extend, 
is connected to one of the line relays included in 
the restricted Service and time blocking relay 
network 25. As explained hereinafter, the ar 
rangement of this network is Such that when one 
of the line relays included therein is operated, 
ground pulses are periodically transmitted over 
the E. C. marking path associated with the op 
erated line relay under the control of One or 
more of the common relays R2O, R220 and R230. 
The spacing interval between each pair of 
ground pulses thus transmitted is less than the 
time interval required for the wipers of the switch 
45 to be operated to their tenth off-normal po 
sitions. These ground pulses are utilized to block 
the operation of the timing equipment. Thus, 
if the link illustrated is seized over a calling 
line having a marking path of the character 
just described associated therewith, periodic 
ground pulses are transmitted from the relay 
network 25 over the finder E. C. wiper and the 
E. C. conductor 326e of the trunk 326 after a 
connection is fully established through the link. 
Each time this conductor is connected to ground, 
the timing relay R640 is short-circuited over a 
path extending by way of the grounded con 
ductor 326e, the contacts 34 and 333, C73, the 
contacts 54 and 528, C598 and the winding of 
R640 back to ground. When thus short-circuited, 
the relay R.640 restores to complete at its con 
tacts 649' the initially traced operating circuit 
for the release magnet f OOT. This magnet, in 
operating, permits the wipers of the Switch 45 to 
be returned to normal, at which time the off 
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normal springs 006 are disengaged to deener 
gize the release magnet. Thus a second timing 
operation of the Switch 45 is initiated. The tin 
ing operation of the SWitch 45 continues, but in 
each case the wipers of this Switch are restored 
to normal under the control of the timing relay 
R646, before reaching the tenth off-normal po 
Sition. Thus the timing equipment is rendered 
ineffective to release the link. 

In the event the link is Seized over a calling 
line Serving Substations arranged for non-re 
restricted service, the timing relay R640 is short 
circuited for the duration of the call, thus pre 
venting any operation. On the part of the code 
Selecting and conversation timing switch 45. 
More Specifically, the line circuitS terminating 
lines of this type are each provided with a mark 
ing path which extends directly from ground to 
tile E. C. contact of the contact, Set in each finder 
switch where the conductors of the associated 
line are terminated. With this Wiring arrange 
ment, ground potential is maintained upon the 
E. C. conductor 326e of the trunk 326 for the 
duration of a call routed through the link illus 
trated from a line of the non-restricted type. 
Thus, the timing relay R640 is short-circuited for 
the duration of the call and Operation of the 
code selecting and conversation timing switch 45 
is prevented. 

REVERTING CALL 

The arrangement of the connector Switch 25 is 
such that in setting up reverting-call connections 
between substations Served by the same lines the 
selective signaling of called Substations is ac 
complished by directory number dialing. More 
particularly, if a call originating at the substa 
tion B is intended for another substation, such, 
for example, as the substation C also connected 
to the line 6, the calling subscriber, after in 
itiating the call in the manner previously de 
scribed, dials the directory number of the desired 
Substation C. The first two digits of this di 
rectory number designate or identify the line 6, 
while the third digit is utilized to select ringing 
current of the particular code designating the 
called Substation. If the link illustrated is ulti 
lized in handling the call, the connector switch 
40 thereof responds to the three digits of the di 
rectory number in the exact manner described 
above with reference to the call routed to the 
substation C from the calling substation A. In 
this case, since the line selected, namely the line 
6, is marked as busy, due to the operated condi 

tion of the cut-off and lockout relays in the line 
circuit 20, the usual busy tone signal is trans 
mitted to the calling substation B shortly follow 
ing the end of the digit. Upon receiving the busy 
signal, the calling subscriber must hang up in 
order to initiate the ringing Operation necessary 
to signal the called Substation. In response to 
this release operation performed at the substa 
tion B, the calling circuit is interrupted to cause 
the release of one or both of the line relayS R35) 
and R440. The relay R360, upon restoring, in 
itiates the sequential release of the relays R430, 
R370 and R330, in the manner pointed out above. 
In this case, since the calling substation and the 
called substation are served by the same line, the 
test wiper 663 of the connector switch is connected 
to the private conductor 6c of the line 6. From 
this private conductor a connection extends 
through the contacts 72 and 64, and the test 
wiper of the finder switch f l to the release con 
ductor 326c of the trunk 326. The hold relay 
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R370, upon restoring,... completes: an alternative 
path for impressing...ground potential upon the 
connected private and: release, conductor's Go and 
326c, respectively. ... This path extends by way of 
the grounded conductor. C8, the contacts. 376, 
C88, the closed make contacts, 536 of the busy test 
relay R530, C583, the contacts' 586 and 473 to the 
Conductor. C80. . From this point; the path may 
follow one of two branches, depending upon the 
setting of the switch 45. If the wipers of this 
switch stand in engagement With odd-numbered 
contacts in the associated contact banks, the path 
branches through the wiper 00 and the bridged 
contacts "engaged thereby to the conductor C680 
which is now connected through the test wiper : 
663 to the private conductor lic of the line e5. 
'On the other hand, if the wipers of the Switch 45 
Stand in: engagement. With even-atmbered Con 
tacts of their associated contact banks, the path 
under consideration extends from the conductor 
C80 by, way...of the contacts 637, C68, the wiper 
100, C680 and the test wiper 663 to the private 
conductor , , 6c. . The: completion of this path 
Serves to prevent the -deenergization and release 
of the relays.R. 60,...R. 59, R32), R5-0 and R53), 
and the relays R4f0 and R480, if, operated. 
..When the hold slave. relay. R330 restores shortly 
following the release of...thehold relay R30, it 
Opens its contacts .332 and 336 to interrupt the 
control circuits for the link release relay R349, 
causing the latter relay to restore, if operated. 
At its contacts 335, the relay.R330 opens one of 
the initially completed paths. for grounding the 
release conductor. 326c. ...At its contacts 334, the 
relay R330 completes.the prepared operating cir 
cuit for the reverting-call relay R39, this cir 
cuit extending by Way of the grounded release 
conductor 326c, the contacts 334, and 322, C87, 
the contacts 539, C85, and the winding of R30 to 
battery. The relay R30, in operating, opens its 
contacts 35 to interrupt one of the branches of 
the operating circuit for the relay R32). At its 
contacts 314, the relay R3 is opens a point in the 
previously traced path for short-circuiting the 
timing relay. R640 and a point in a path traced 
heleinafter for short-circuiting the lower Wind 
ing of the link release relay R34. At its con 
tacts 3 6, the relay R30 opens another point in 
One of the paths for connecting the release Con 
ductor 36c to ground. At its contacts 3 and 
3f2, the relay R3f 0 opens two additional points 
in the operating circuits for the line relays R360 
and R4.40. At its contacts 31, the relay R340 
completes a locking circuit for itself, this lock 
ing circuit extending by way of the grounded hold 
iconductor C8 , the contacts 323, 37 and the 
winding of R39 to battery. In completing this 
hiolding circuit, the relay R3 to also completes a 
multiple path over which ground potential is im 
pressed upon the connected release and private 
conductors' 325c and fic, respectively, this path 
extending from the grounded hold conductor C8 
by way of the contacts 323, and '3t, C85, the con 
tacts 539, C8 and the contacts 322 and 338 to the 
release conductor 32Sc. At its contacts 313, the 
relay R30 completes an alternative circuit for 
energizing the called simplex relay R62), in the 
sevent the line ...f6 is of the Sinpex or 'ground re 
turn type. This circuit, extends from the 
grounded release conductor 325c by way of the 
contacts 4 2, C68, the contacts 313, C5 and the 
lower winding of RS20 to battery. It will be 
noted that this circuit is cnly completed if the 
calling simplex relay R40 is operated to identify 
the line:I 6, as a line of the simplex or ground re 
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turn type. , When energized Over the circuit just 
traced; the called...simplex: relay R520 locks to 
the grounded release conductor 326c through its 
preliminary, make...contacts .625 and prepares the 
ringing current transmission. Circuits for the 
transmission of ringing current over the negative 
side of the line 6 in the manner explained above 
with reference to the call originated at the Sub 
station A. At its contacts 3 8, the relay R30 
completes an alternative operating circuit for the 
idle test relay R630, this circuit-extending by way 
of the grounded hold conductor C8, the con 
tacts (3-8 and 32d, CT0, and the upper winding 
of R639 to battery. The idle test relay R630, upon 
operating, initiates the ringing operation in the 
exact manner described above; the particular code 
of the ringing current and the side of the line 
over which this current-is projected being deter 
mined by the setting of the switch 45 and the 
position of the relay R480, in the event the line 
occupied with the call is of the locp type; and the 
code of the ringing current transmitted over the 
negative side of the line being determined by the 
setting of the switch. 45, in the event the line is 
of the simplex. or ground return type. In this 
regard it will be recalled that the pickup relay 
R540 operates to initiate: the ringing operation 
in signaling over lines of the loop type, whereas 
the three irelays R 560, R570 and R6f O. cooperate 
to control the transmission of ringing current over 
lines of the simplex or ground return type. 
''When the call is answered at the called sub 
statioh the operating circuit for the ring Cut-Off 
relay R520 is completed, in the manner previously 
explained. . This relay, in operating, locks to 
ground over a path including its preliminary make 
contacts 527, C86 and the contacts 639; closes its 
contacts. 528, to complete. the previously traced 
operating circuit for the timing relay R64; and 
interrupts the locking circuit for the digit trans 
ferrelay R50. The relay R640, upon operating, 
opens its contacts 64 to interrupt the circuit for 
energizing ; the control - relay R.32. The relay 
R320 now-restores. '. At its contacts 32t, the relay 
R.329 interrupts the above-traced alternative op 
erating circuit for the idle test, relay 'R630, and 
the operating circuit for the relay R650. At its 
contacts 323, the relay, R320 interrupts the hold 
ing circuit for the relay R30 and the multiple 
path ever, which ground potential is impressed 
upon the release. conductor 326c. ...At its contacts 
324, the relay.R.3-20; completes the previously 
traced circuit for energizing the release magnets 
:007 and 40 in: sequence, whereby the codese 
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the Strowger, Switching mechanism are succes 
sively released. The idlestest relay R830, upon 
restoring, opensits, contacts 639 to interrupt the 
operating andlocking circuits for the relays R330 
and R52), causing; both of these relays to restore. 
When the Wiper.0) of the Switch. A5 is restored 
to normal, the above-traced path over, which 
ground potential is impressed upon the private 
conductor Gc, and the release conductor. 326c, is 
interrupted. The removal of ground potential 
from these tWO conductors results. in the deen 
e'gization and release of the relays R 8 and 
R530, and the relays R.4) and RS28 if operated. 
In addition, the finder Switchi f is caused to re 
store. When ground potential is era oved from the 
two indicated conductors... When the cut-off re 
lay R-5 restores, the line circuit 2.0 assumes its 
line lockout Setting in the manner previously ex 
plained. 

the busy test relay R530, upon restoring, opens 



its contacts 539 to deenergize the reverting-call 
relay R3 0. 
normal. 

TRUNK CALL TWO-OIGIT TRUNK SELECTION ON 
SWITCHING-THROUGH EVELS 

The connector switch. 4) is arranged to have 
access to groups of trunks which may be selected 
in response to one-digit, two-digit or three-digit 
calling operations at the various Substations. 
The trunks which are selected in response to two 
Series of impulses transmitted to the COnnectol 
Switch are usually grouped in groups of leSS than 
ten, and the unused contact sets of the Connector 
Switch contact levels terminating Such trunks may 
be utilized for subscriber line termination. For 
the purpose of providing automatic selection of 
idle trunks in these groups, each trunk of each 
group is terminated in the contact field of the 
connector Switching mechanism in a set of Con 
tacts comprising the usual private contact and 
an extra control contact. These private and ex 
tra control contacts of each contact set, except 
that terminating the last trunk of the group, are 
arranged to be connected together in the re 
peaters terminating the respective associated 
trunks when the trunks are seized. 
In order to select an idle trunk of a desired 

group arranged for two-digit selection, a calling 
subscriber, such, for example, as a subscriber at 
the substation A, dials a first digit which desig 
nates the level of contacts at which the trunks of 
the desired group are terminated, and a second 
digit which designates the first trunk of the group. 
The manner in which the control apparatus of 
the connector SWitch 40 responds to these tWO 
digits is exactly the same as described previously 
with reference to the local call originating at the 
Substation A. 

During the vertical movement of the wipers 
660 to 663, inclusive, to a position opposite a level 
of contacts terminating the desired group of 
trunks, the normal post springs 49 are Operated 
into engagement to complete a circuit for ener 
gizing the upper winding of R350, and the normal 
post springs 67 are moved into engagement to 
complete an obvious circuit for energizing the 
lower winding of the back-bridge relay R60. 
The circuit for energizing the Switch-through 
relay R350 extends by way of the grounded re 
lease conductor 326c, the contacts 463, the nor 
mal post springs 49, C79 and the upper winding 
of R350 to battery. When thus energized the 
relay R350, which is of the two-step type, operates 
to close its preliminary make contacts 356 and 
358 only. At these contacts a path is completed 
for short-circuiting the lower winding of the relay 
R350, this path extending from the grounded 
release conductor 326c by way of the contacts 
463, the normal post springs 4t 9, C79, the lower 
winding of R350, the contacts 356 and 358, C84 
and the contacts 538 back to the grounded release 
conductor 326c. The relay R6 ?o, upon operating, 
closes its contacts 65 to prepare a trunk test 
circuit which extends from the test wiper 663 
through the upper winding of the busy test relay 
R530. At its contacts 614, the relay R60 pre 
pares a circuit for energizing the restricted serv 
ice relay R550. The remaining circuit control 
ling operations performed by the back-bridge re 
lay R6 10 are without effect at this time. 
At the end of the Second digit, the wipers 660 

to 663, inclusive, are positioned in engagement 
with the contacts terminating the first trunk of 
the group. Shortly following the end of this digit, 

Thus the link is fully restored to 
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the relay R470 restores and closes its contacts 47' 
to prepare an alternative circuit for energizing 
the relay R460. At its contacts 473, the relay 
R40 completes the above-mentioned trunk test 
circuit. If the first trunk of the selected group 
is busy, ground potential is present upon the pri 
vate contact thereof. Ground potential is also 
present upon the extra control contact thereof, 
due to the established connection between the 
private and extra control contacts individual to 
this trunk. With the private wiper 663 connected 
to ground, the trunk test circuit may be traced 
as extending from this wiper by way of the con 
tacts 65, C80, the contacts 473 and 464, C584 
and the upper winding of R530 to battery. When 
thus energized the relay R530 operates to com 
plete a test circuit over which the trunk hunting 
relay R480 is energized, this test circuit extend 
ing by way of the grounded E. C. wiper 662, the 
contacts 656, C672, the contacts 534, C497, the 
contacts 487 and 462, the lower winding of R480 
and the contacts 474 to battery. At its contacts 
538, the relay R530 opens the above-traced path 
short-circuiting the lower winding of the switch 
through relay R350. In operating, the relay R480 
first closes its preliminary make contacts 488 to 
complete a locking circuit for itself which ex 
tends by Way of the grounded release conductor 
326c, the contacts 463, 488 and 462, the lower 
winding of R480 and the contacts 474 to battery. 
At its contacts 486, the relay R480 completes the 
prepared circuit for energizing the pulse-con 
trolled relay R460, in parallel with the rotary 
magnet 409, this circuit extending by way of 
the grounded hold conductor C8, the contacts 
37, CT, the contacts 633, C492 and the contacts 
456 to the contacts 486 where it divides, one 
branch extending through the winding of the 
rotary magnet 409 to battery, and the other 
branch extending through the contacts 47' and 
the winding of R460 to battery. The current flow 
over this circuit serves to prevent the release of 
the slow-to-release pulse-controlled relay R460. 
When energized over the circuit just traced, the 
magnet 409 rotates the wipers 660 to 663, inclu 
sive, into engagement with the contacts termi 
nating the conductors of the second trunk in 
the selected group, and opens its contacts 474 
to interrupt the above-traced circuit for ener 
gizing the lower winding of the relay R480. The 
relay R480, upon restoring, opens its contacts 
488 further to interrupt its locking circuit, repre 
pares its operating circuit at its contacts 487, 
and opens its contacts 486 to interrupt the above 
traced circuit for energizing the relay R460 and 
rotary magnet 499 in parallel. In the event the 
second trunk is 3.lso busy, and is not the last 
trunk of the group, ground potential is main 
tained upon the E. C. and private wipers 662 and 
663, respectively, so that the rotary magnet 409, 
upon restoring, recompletes the above-traced cir 
cuit for energizing the trunk hunting relay R480. 
This relay, upon operating again, completes the 
circuit for energizing the relay R460 in parallel 
with the rotary magnet 409, whereby the wipers 
660 to 663 are rotated another step to engage 
the contacts terminating the conductors of the 
third trunk in the selected group. 
The interrelated operation of the trunk hunt 

ing relay R489 and the rotary magnet 409 con 
tinues Until an idle trunk is found, or until all 
of the trunks of the selected group have been 
tested and found to be busy. In this regard it 
Will be recalled from the preceding explanation 
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that the private and E. C. contacts of the con 
tact set terminating the last trunk of the group, 
are not connected together. . . More specifically, 
the E. C. contact of this contact set is either left 
unwired or is connected to the negative terminal 
of the exchange battery through a resistance, 
depending upon the restricted or non-restricted 
character of the trunk. ... With either arrange 
ment, the circuit for energizing the trunk hunt 
ing relay R480 is held open when the last trunk 
of the group is selected. Accordingly, the relay 
R480 does not reoperate to recomplete the circuit, 
for energizing the relay R460 in parallel with 
the rotary magnet 409. Thus, the stepping oper 
ation of the wipers 660 to 663, inclusive, is ter 
minated. Shortly following the selection of the 
last trunk of the group, the relay R460 restores. 
At its contacts 463, the relay R46 interrupts the 
above-traced circuit for energizing the upper 
winding of the switch-through relay R353, caus 
ing the latter relay to restore. At its contacts 
465, the relay R460 completes the previously 
traced locking circuit for the busy test relay R53). 
At its contacts 437, the relay R43 completes the 
previously traced circuit for transmitting busy 
tOne Cllrrent over the calling end of the connec 
tion. The reproduction of this current by the 
receiver provided at the calling substation serves 
to inform the calling party that the desired con 
nection cannot be obtained. The manner in 
Which the Connection is released when the call is 
abandoned at the calling substation is exactly the 
same as described previously. 

Idle trunks of the selected group are identified 
by the presence of negative battery potential 
upon the private conductors thereof and the ab 
Sence. Cf. ground potential from the E. C. con 
ductors thereof. When the test wiper 663 is dis 
CGnnected from ground in response to the selec. 
tion of an idle trunk, the busy test relay. R530 is 
deenergized and restores. In releasing this relay 
opens its contacts 534 further to interrupt the 
above-traced circuit for energizing the trunk 
hunting relay R480, and closes its contacts 538 
to recomplete the above-traced path for short 
circuiting the lower winding of the switch 
through relay R350. At its contacts 533, the relay 
R53) prepares or completes the operating circuit 
for the restricted service relay R550, depending 
upon the character of the trunk selected. At its 
contacts 537, the relay R530 opens a point in the 
previously traced circuit for transmitting busy 
tone Current over the calling end of the connec 
tion. At its contacts 537, the relay R53) opens 
a point in its locking circuit as traced above. 
Shortly following the release of the busy test 
relay R530, the pulse-controlled relay R460 re 
Stores. At its contacts 483, the relay R460 opens 
the above-traced path short-circuiting the lower 
winding of the switch-through relay R350, per 
mitting the two windings of this relay to be 
energized in Series over a circuit which extends 
by Way of the grounded release conductor. 326c, 
the contacts 538, C84, the contacts 358 and 356 
and the two windings of R359 to battery. . The 
Switch-thi'ough relay R359 now completes its 
Operation. At its contacts 357, the relay R35) 
cCnpletes a path for impressing ground poten 
tial upon the tast wiper 663 and, incident thereto, 
the test conductor of the selected trunk, thereby 
to mark this trunk against seizure. This path 
Xtends by Way of the grounded release conduc 

tor 326c, the contacts 533, C84, the contacts 358 
and 357, C80, and the contacts St 5 to the wiper 
663. At its contacts 359, the relay R35) opens 
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21 
a point in the incomplete circuits for energizing 
the release magnets-1001 and 407. At its contacts 
35? to 354, inclusive, the relay. R355 switches the 
calling circuit through to the repeater associated 
with the selected trunk. Incident to this line switching operation, the relay.R.35 opens its 
contacts 352. and 354 to interrupt the previously 
traced circuits for energizing the line relays. R36). 
and R440. At its contacts 355, the relay R350 interrupts the previously traced locking circuit 
for the hold relay R310 and a point in-the pre 
viously traced pulsing circuits over, which current 
pulses are transmitted to the magnets 408, 409 
and 004, and the relays R468- and R470... 
Shortly following the operation of the switch 

through relay R358, the line-relay R360-restores. 
In releasing, this relay opens its contacts 36 to 
interrupt the locking circuit for the lock-pulse 
relay R430; whereby the relays R430, R370 and 
R330 are released in-sequence. The relay. R370, 
upon restoring, closes its contacts 376-to-prepare 
or complete the previously-mentioned path-for 
impressing ground potential upon the positive 
line wiper 66 , depending upon the position of 
the calling simplex relay R418, as determined by 
the character of the calling line. If the calling 
simplex relay R49 is operated, the path just 
mentioned is completed, this path extending by 
way of the grounded holding conductor C8 i, the 
contacts 375 and -334; C60, the "contacts. 41', 
C69, the contacts - 53', C6' and the contacts 
6 to the positive line wiper. 661: . It will be 
noted that this path is held open at the contacts 
4f in the event the calling simplex Felay-R46 
occupies its restored position; indicating that a 
ioop line is calling. This pathy if completed, is 
interrupted at the contacts 33 in response to the 
release of the hold slave relay. R330. Thus, it 
will be understood that the two relays.R.378 and 
R330 cooperate to transmit a ground pulse over 
the positive talking conductor of the selected 
trunk for the purpose-of-informing the repeater 
aSSociated with this trunk as to the character of 
the calling line. The two holds relays R30, and 
R330, upon restoring; also disconnect the release 
conductor. 325c from ground in the connector 
switch 40. Prior to the release of these relays, 
however, the control equipment of the repeater 
aSSociated with the 'seized. trunk functions to 
connect the test wiper 663 to ground: This wiper 
is now connected over a path including the con 
tacts -65, C86, the contacts .357 and .358, C84, 
and the contacts 538 to the release-conductor 
326c. Thus, the relays. R320, R350 R54 and 
R60, and the relays R4f0 and R550; if operated, 
are prevented from releasing: . These relays are 
held Operated until the connection is released. 
It Will be noted that with the switch-through 
relay R350 operated, an uninterrupted-metallic 
circuit is established through ther connector 
Switch 40, over which dial pulses-and-supervisory 
pulses may be tarismitted to the repeater asso 
ciated. With the seized: tririk, The manner: in 
which the connector switch. 49 and the firider 
SWitch'? are released under the .cofitpol:of the 
calling party is described with particularity 
hereinafter. . 

TRUNK CALL-ONE-DIGIT TRUNK SELECTION of 
SWITCHING-THRougH LEvELs. 

In order to provide iifor, one-digit...automatic 
trunk selection on switching through-levels the 
normal post springs: 49, 96f 7 and 14687 are 'ar 
ranged to operate in response to the elevation of 
the wipers 660 to 663; inclusive; to a position oppo 

  



22 
site a level of bank contacts terminating the 
trunk groups arranged for this type of selection. 
Preferably, the trunks arranged for one-digit 
selection are terminated in the uppermost levels 
of the connector contact bank, whereby the nor 
mal post springs 468 are only moved off normal 
when a trunk in one of these groups is to be 
Selected. 
With this arrangement, if a call originating at 

the Substation A, for example, is routed by Way 
of the finder switch to the connector Switch 
40, and the calling Subscriber dials a single digit 
designating one of the groups of trunks arranged 
for one-digit selection, the enumerated normal 
post springs are respectively moved into engage 
ment immediately the Wipers of the connector 
switch are elevated to the position opposite the 
contact level in which the desired group of trunks 
are terminated. When the normal post SpringS 
49 and 67 are moved to their closed circuit posi 
tion, the relay R6 10 is energized and operates to 
perform the functions described above, and the 
circuit for energizing the upper winding of the 
switch-through relay R350 is prepared. At the 
normal post Springs 468' an alternative Operat- c. 
ing circuit for the relay R480 is completed, this 
circuit extending by way of the grounded hold 
conductor C8, the contacts 37, Cl, the con 
tacts 633, C492, the contacts 457, the normal post 
springs 468, the lower winding of R480 and the 
contacts 474 to battery. When thus energized the 
relay R480 closes its preliminary make contacts 
488 to prepare one of its locking circuits, and 
closes its contacts 485 to complete another of its 
locking circuits, the latter circuit extending by 
way of the ground release conductor 326C, the 
contacts 35 and 64? in parallel, C14, the con 
tacts 485, the normal post springs 468, the lower 
winding of R480 and the contacts 474 to battery. 
At its contacts 486, the relay R480 prepares a cir 
cuit for energizing the rotary magnet 49 in par 
allel with the pulse-controlled relays R460 and 
R47 O. 

Shortly after the end of the single digit dialed 
at the calling substation A, the relay R470 re 
stores. At its contacts 472, the relay R4TO OpenS 
the locking circuit for the digit transfer relay 
R450. The relay R450 now restores and closes its 
contacts 456 to complete the prepared Operating 
circuit for the relayS R460 and R40 and the 
rotary magnet 409. This circuit extends by Way 
of the grounded hold conductor C8, the contacts 
37 f, Cli, the contacts 633, C492 and the contacts 
456 to the contacts 486, where it divides, one 
branch extending through the winding of the ro 
tary magnet 409 to battery, a second branch ex 
tending through the contacts 47' and the wind 
ing of R460 to battery, and the third branch 
extending by way of C493, the contacts 57, 532 
and 53, C99, the contacts 452 and the winding of 
R470 to battery. At its contacts 457, the relay 
R450 opens the operating circuit for the relay 
R480. The relay R470, upon operating, closes its 
contacts 472 to complete the previously traced 
locking circuit for the relay R460, and opens its 
contacts 47 ' to interrupt the operating circuit 
for the relay R460. At its contacts 473, the re 
lay R4TO opens a point in the operating circuit 
for the busy test relay R530. The relay R460, 
in operating, closes its contacts 48? to short-cir 
cuit the digit transfer relay R5 0, closes its con 
tacts 462 and 463 to complete an obvious multiple 
holding circuit for the relay R480, opens its con 
tacts 465 further to interrupt the incomplete 
holding circuit for the busy test relay R530, and 
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closes its contacts 464 to prepare the operating 
circuit for the busy test relay R530. At its con 
tacts 467, the relay R460 opens a point in the 
previously traced circuit for transmitting busy 
tone current over the calling end of the connec 
tion. At its contacts 462, the relay R460 also pre 
pares the previously traced trunk test circuit, in 
cluding the E. C. wiper 662 and the lower winding 
of the trunk hunting relay R480. At its contacts 
463, the relay R460 also completes the previously 
traced circuit for energizing the upper winding of 
the switch-through relay R350, whereby the lat 
terrelay partially operates to close its preliminary 
make contacts 356 and 358. At these contacts the 
previously traced path is completed for short 
circuiting the lower winding of the relay R350. 
The rotary magnet 409, upon operating, func 
tions to rotate the wipers 650 to 663, inclusive, into 
engagement With the COntacts of the first con 
tact set of the selected level, whereby the first 
trunk of the group is selected. At its contacts 
474, the magnet 409 interrupts the locking and 
operating circuits for the trunk hunting relay 
R480, causing this relay to restore. Upon restor 
ing, the relay R480 opens its contacts 486 to de 
energize the relays R460 and R470 and the rotary 
magnet 409. At its contacts 485 and 488, the 
relay R480 further interrupts its two locking cir 
cuits. Shortly following the release of the relay 
R480, the pulse-controlled relay R470 restores. 
At its contacts 47, the relay R470 reprepares the 
operating circuit for the relay R460. At its con 
tacts 472, the relay R40 interrupts the locking 
circuit for the relay R460 and the path short 
Circuiting the Winding of the digit transfer relay 
R50. The relay R50 is now energized in series 
with the relay R460. In operating, the relay R50 
locks up in a circuit including the grounded re 
lease conductor 326c, the contacts 529 and 5f 2 
and the resistor 59. After this locking circuit 
is completed, the relay R5 to opens its contacts 
59' to deenergize the relay R460. At its contacts 
57, the relay R50 opens another point in the 
above-traced circuit for energizing the relay R4TO. 
The relay R40, in restoring, also closes its 

Contacts 473 to complete the above-traced trunk 
test circuit including the upper winding of the 
busy test relay R530. In the event the first trunk 
of the selected group is busy, the busy test relay 
R530 Operates to initiate the trunk hunting oper 
ation of the connector switch in the manner pre 
viously explained. This trunk hunting operation 
continues until an idle trunk in the selected group 
is found, or until all of the trunks in the group 
have been tested and found to be busy. If all 
of the trunks are busy, the busy signal is re 
turned to the calling Subscriber. On the other 
hand if an idle trunk of the selected group is 
found, the Switch-through relay R350 operates 
to extend the calling circuit to the repeater as 
Sociated with the idle trunk and the trunk is 
marked against seizure by the other connector 
Switches. All of these operations are accom 
plished in the exact manner described above 
with reference to two-digit trunk selection. 
The release of a connection routed through 

the link comprising the finder switch f and the 
connector Switch. 4) to an inter-office trunk is 
under the control of the calling party. Thus 
When the calling party disconnects, the control 
equipment of the repeater associated with the 
inter-office trunk in use functions in the manner 
Subsequently explained to disconnect the test 
Wiper 663, and incident thereto the release con 
ductor 326c from ground. When ground poten 
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tial is removed from this conductor, the finder 
switch. and the line circuit O. are restored 
to: normal in the manner previously described. 
The removal of ground potential from the ground 
conductor 326c also results in the deemergization 
and release of the reiays RS28, R359 and R50, 
and the relay R4 0 if operated. iihe relay. R350, 
upon restoring, closes its contacts 359 to com 
plete the operating circuit for the release mag 
net. 407, whereby the Strowger switching mecha 
nism is restored to normal. During the release 
of, this mechanism, the normal post springs 49, 
468 and 67 are respectively disengaged; the ver 
tical off-normal springs 44, 4iT and 468 are re 
spectively moved into engagement; and the off 
normal springs 45 and 46 are moved out of 
engagement. At the normal post SpringS 67, 
the circuit for energizing the relay R80 is inter 
rupted. Following the release of this relay, the 
link circuit equipment is fully restored to normal. 
TRUNK CALL-THREE-DIGIT TRUNK SELECTION 
The trunks, in the group or groups which are 

selected in response to three Series of impulses 
transmitted to the connector switch 40 may com 
prise, for example, ring-down trunks extending 
to one or more manual exchanges. For the pur 
pose of providing automatic selection of idle 
trunks of these groups, each trunk of each group 
is terminated in the contact field of the con 
nector. Switching mechanism at a set of contactS 
comprising the usual private contact and an ex 
tra control or E. C. contact, and these private 
and extra control contacts of each contact set, 
except that terminating the last trunk of the 
group, are strapped tC9ether. 

In order to select an idle trunk of a desired 
group arranged for three-digit selecticn, a call 
ing subscriber, such, for example, as a subscriber 
at the substation A, dials a first digit which des 
ignates the level of contacts at which the trunks 
of the desired group are terminated, a Second 
digit, which designates the first trunk of the 
group, and a ringing digit. The manner in which 
the control apparatus of the connector switch 
responds, to these three digits is exactly the same 
as described previously With reference to the local 
call originating at the Substation A. At the end 
of the second digit the Wipers 660. to 663, inclu 
sive, are positioned in engagement With the con 
tacts terminating the first trunk of the group. 
If this trunk is busy at the time it is thus se 
lected, ground potential is present upon the pri 
vate contact thereof and, due to the strapping 
between this contact and the extra control con 
tact, is also present upon the extra control Wiper 
662. 
The third or ringing digit is utilized in the 

manner pointed out above to step the wipers of 
the minor Switch 45 to one of its off-normal 
positions. Shortly following the end of the third 
digit, the relay R479 restores to open the holding 
circuit for the relay R46) and to complete at its 
contacts 473 the previously traced operating cir 
cuit for the busy test relay R539. Assuming that 
the first trunk of the selected group is busy, the 
relay R539 now operates to prepare the previous 
ly traced circuit for transmitting busy tone cur 
rent over the calling end of the connection and 
to prepare its lockiing circuit. At its contacts 
534, the relay R539 completes a circuit for ener 
gizing the trunk hunting relay R48, this circuit 
extending by way of the grounded E. C. wiper 
662; the contacts 656, C62, the contacts 534, 
C497, the-contacts 487 and 462, the lower - wind 

O 

5 

20 

25 

30 

40 

50 

60 

65 

(70 

75 

23. 
ing of. R480; and the contacts 474 to; battery, 
Obviously this circuit and the operating circuit 
for the busy test relay, R.532 are not energized 
if the first trunk of the selected group is idle, 
Such that negative battery potential is impressed 
upon the private and extra control wipegs 633. and 
662, respectively. When energized. Over the test 
circuit traced above, the relay R433r operates and 
locks to the grounded release conductor. 326c, 
in the manner previously explained. At its con 
tacts 486, the relay R480 completes a circuit 
for, energizing the pulse-controlled relay R460 
and the rotary magnet. 439 in parallel, this cir 
Cuit extending by Way of the grounded con 
ductor C8, the contacts. 3, C, the contacts 
633, C492, and the contacts 453 to the contacts 
486, where it divides, one branch extending 
through the winding of the magnet $99. to bat 
tery and the Second branch extending by way 
of the contacts 47 f' and the Winding of R388 to 
battery. When thus energized the rotary mag 
net 409 operates to step the wipers 66) to 663, 
inclusive, one step in the rotary direction, there 
by to Select the second trunk of the selected 
group. At its contacts 44: the magnet. 439 in 
terrupts the above-traced operating and holding 
circuits, for the relay R439. The relay. R480 
noW restores to open its holding circuit, and the 
circuit for energizing the relay R463 and the 
magnet 4C3 in parallel. The magnet & 9. in re 
leasing, recompletes the test. circuit which ex 
tends through the lower winding of the trunk 
hunting relay R436. Assuming that the second 
trunk of the selected group is also busy, ground 
potential is held on the private and extra con 
trol Wipers 683 and 862, respectively, so that the 
energization of the relay R53) is maintained 
and the relay R438 is again energized. The relay 
R480, in reoperating, performs the functions de 
Scribed above. Tine interrelated operation of 
this relay and the rotary magnet & 39 continues 
until an idle trunk of the selected group is found, 
or until all of the trunks of the selected group 
have been tested and found to be in a busy 
condition. During this trink hunting operation, 
the relay R460, due to its slow-to-release char 
acteristic, remains operated. 
ASSulming that an idle trunk in the selected 

group is available, the wipers 660 to 663, inclu 
Sive, are operated step by step until the contacts 
terminating the idle trunk are engaged thereby. 
As indicated above, an idle trunk of this type is identified by the presence of negative battery 
potential upon the private and extra control 
contacts in the contact set at which it is ter 
minated. Accordingly, when an idle trunk is 
Selected, the lower winding of the relay R480 is 
short-circuited and does not reoperate. Due to 
the presence of battery potential upon the 
private wiper 663, the upper winding of the busy 
test relay R530 is also deemergized when the 
idle trunk of the selected group is found. Ac 
cordingly, the relay R539 immediately restores 
to reprepare the operating circuit for the idle 
test relay R630. Shortly following the release 
of the relay R530, the relay R460 also restores 
to complete the previously traced operating cir 
cuit for the idle test relay R.638. From this 
point on the manner in which ringing current 
of the Selected code is transmitted over the se 
lected idle trunk, to signal the operator attend 
ing the SWitchboard at which the distant end 
of this trunk is terminated, is exactly the same 
as described previously with reference to the lo 
cal-call Originating at the substation A. More 
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over, the operation of the connector Switch 40 
incident to the answering of the call at the 
called end of the connection, and incident to the 
release of the connection at the calling Substa 
tion, are the Sane as described above with refer 
ence to the Setting up and releasing of a local 
call connection. 

It will be understood from the foregoing ex 
planation that if the first trunk of the selected 
group is idle, the relays R480 and R530 are not 
caused to operate. In Such case the relay R460 
is deemergized and restores to complete the op 
erating circuit for the idle test relay R630 short 
ly following the end of the third digit. The relay 
R630, in operating, initiates the ringing opera 
tion, in the manner previously explained. 

If all of the trunks of the Selected grOup are 
busy, the wipers 660 to 663, inclusive, are, 
through the interrelated operation of the relay 
R480 and the rotary magnet 409, operated into 
engagement with the contacts of the contact 
set terminating the last trunk in the group. In 
this contact set the extra control contact is not 
wired. Hence, the extra control wiper 662 is open 
circuited when the last trunk of the group is se 
lected. Accordingly, the relay R480 remains in its 
restored position and the trunk hunting opera 
tion of the connector Switch is arrested. Since 
ground potential is, under the conditions stated, 
present on the private wiper 663, the busy test 
relay R530 is not deenergized and remains in its 
operated position. Shortly following the selec 
tion of the last trunk, the relay R460 restores to 
complete the previously traced holding circuit 
for the busy test relay R530 and to complete the 
previously traced circuit for transmitting busy 
tone current over the calling end of the connec 
tion to signal the calling subscriber that the de 
sired connection cannot be obtained. It Will be 
noted that at this time the condition of the con 
nector Switch is exactly the Same aS previously de 
scribed with reference to the selection of a busy 
subscriber line. Accordingly the manner in which 
this connector SWitch, the preceding finder SWitch 
f , and the line circuit terminating the calling 
line are released when the call is abandoned at 
the calling substation, will be clearly apparent 
from the previous explanation. 

RESTRICTED SERVICE 
As pointed out previously, provisions are made 

in the System for providing restricted Service, 
which excludes free central office trunk calls, to 
certain subscribers of the System who pay a low 
flat fee for service, and for providing unrestricted 
central office trunk service to other subscribers 
who pay a high flat fee for the service rendered. 
To this end, the restricted service relay R550 is 
controlled over the marking paths individual to 
the trunks to determine whether or not a selected 
trunk is restricted, and the busy test relay R530 
is controlled by the restricted service relay R550 
and over the marking paths individual to the Sub 
scriber lines serving the substations arranged for 
restricted service. In this regard it will be re 
called from the preceding explanation that When 
the digit transfer relay R5 0 operates, incident to 
the dialing of the second digit of a directory num 
ber or incident to an automatic cut-in operation 
on the part of the connector switch, it closes its 
contacts 55 to connect the lower winding of the 
busy test relay R530 for energization over a cir 
cuit including the E. C. wiper of the finder Switch 

. It will also be recalled that the back-bridge 
relay R6 iO is energized and operates incident to 
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the operation of the connector switch wipers to 
a position opposite a level of bank contactS ter 
minating a group of trunks arranged for one digit 
selection. This relay, in operating, closes its con 
tacts 64 to prepare a trunk test circuit which ex 
tends through the lower winding of the restricted 
service relay R550. With the circuits in this con 
dition, i. e., with the relays R50 and R60 oper 
ated, if a trunk hunting operation on the part 
of the connector switch 48 is initiated, the test 
circuit through the lower winding of the restricted 
service relay R550 is held open at the contacts 
533 until an idle trunk in the Selected group is 
found. When an idle trunk is located, the busy 
test relay R530 restores and closes its contacts 
538 to short-circuit the lower Winding of the 
switch-through relay R350, in the manner previ 
ously explained. At its contacts 533, the relay 
R530 completes the trunk test circuit extending 
through the lower winding of the restricted Ser 
vice relay R550. If the selected trunk is non 
restricted, the E. C. contact of the contact set 
terminating the conductors thereof, Will be open 
circuited, with the result that the restricted Ser 
vice relay R556 remains in its restored position. 
In this case, therefore, regardless of the restricted 
or non-restricted character of the calling line, 
the connector switch 40 operates to set up a con 
nection between the calling line and the repeater 
associated with the selected trunk. On the other 
hand if the selected trunk is of the restricted type, 
the E. C. contact individual thereto in the con 
tact field of the connector SWitch 40 is marked 
with negative battery potential through a re 
sistance of approximately 500 ohms. Accordingly, 
the lower winding of the relay R550 is energized 
over the test circuit. This circuit may be traced 
as extending from ground by Way of the contacts 
6 (4, C597, the contacts 55 f, the lower winding 
of R550, the contacts 56 and 533, C672, the con 
tacts 656, the E. C. Wiper 662 and the marking 
resistor individual to the selected trunk to bat 
tery. When thus energized the relay R550 first 
locks to ground over a path including its pre 
liminary make contacts 553 and the release con 
ductor 326c. After this locking circuit is com 
plated, the relay R550 opens its contacts 55i to 
interrupt the test circuit extending through its 
lower winding and the E. C. wiper 662. At its 
contacts 552, the relay R550 prepares or com 
pletes the test circuit extending through the lower 
winding of the busy test relay R530 and includ 
ing the marking path individual to the calling 
line. Assuming that the line 6, for example, is 
occupied with the call, this test circuit may be 
traced as extending fron ground by Way of the 
contacts 6 ft, C597, the contacts 552, the lower 
Winding of R539, the contacts 5f 5, C3, the con 
tacts 333 and 34, the conductor 326e, the E. C. 
wiper of the finder Switch , the conductor 6e, 
and the winding of R24) to battery. Obviously, 
this test circuit is not completed in the absence 
of negative battery potential upon the test wiper 
of the finder Switch, indicating that the calling 
line is non-restricted and, hence, is entitled to 
free central office trunk Service. When the test 
circuit just traced is completed, the busy test re 
lay R539 reoperates. At its contacts 538, the re 
lay R533 opens a point in the previously traced 
circuit for energizing the tWo Windings of the 
switch-through relay R350 in series, thereby to 
prevent this relay from operating in response to 
the Subsequent release of the relay R460. Thus 
the connection is prevented from being extended 
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to the selected trunk. At its contacts 537, the 
relay R530 reprepares the previously traced cir 
cuit for transmitting busy tone current over the 
calling end of the connection, this circuit being 
completed in response to the subsequent release 
of the relay R460. The relay R460, upon restor 
ing, shortly following the reoperation of the busy 
test relay R53), also functions to complete the 
above-traced locking circuit for the latter relay. 
Thus, following the release of the relay R460, the 
link circuit is in substantially the condition 
which prevails when a call is routed through the 
link to a busy Subscriber line. The busy, signal 
transmitted to the calling Substation serves to 
inform the calling Subscriber that the desired 
connection cannot be obtained. The manner in 
which the connection is released. When the call 
ing subscriber disconnects is exactly the same as 
set forth above, it being noted that the restricted 
service relay R550 is released in response to the 
removal of ground potential from the release con 
ductor 326C. 

RELEASE on PERMANENTs 
As indicated previously, provisions are made in 

the connector switch 40 for forcibly releasing this 
switch and the preceding finder switch f, in the 
event the link is seized over a line having a per 
manent calling condition thereon, or over a line 
having a call initiated thereon, and the calling 
Subscriber fails to complete dialing; fails to re 
ceive an answer from the called substation and 
to abandon the call; fails to release the connec 
tion after the called Subscriber has disconnected; 
fails to abandon the connection after receiving 
a busy tone signal; and in the case of a reverting 
call, fails to receive an answer within a specified 
period, or to release the connection by establish 
ing an answering circuit over the line involved. 
The arrangement for this purpose includes the 
permanent timer 5, which is common to the se 
lected links, and the link release relay R340. 
More specifically, the timer 5 is arranged to be 
started in operation in response to the applica 
tion of ground potential to the timer start lead 4 
55. This apparatus functions periodically to im 
press ground pulses upon the time-pulse lead 54, 
and normally maintains ground potential upon 
the time cut-off lead C344. A predetermined 
time interval after each ground pulse is applied 
to the time-pulse lead 55, the timer functions in 
a well known manner to disconnect the time cut 
off lead C344 from ground for a predetermined 
period, which is in excess of that required for 
any operated connector switch fully to release. 

In considering the operation of the permanent 
timer 5 forcibly to release the link illustrated, 
it will be recalled from the preceding explana 
tion that when the finder switch and the con 
nector switch 40 are seized over a calling line, the 
hold slave relay R350 operates and closes its con 
tacts 332 to energize the upper Winding of the 
link release reiay R340 in Series with the high 
resistance upper winding of the timer start relay 
R90. Due to the relatively high resistance of 
the latter winding, the relay R340 does not oper 
ate when its upper Winding is energized in this 
circuit. The relay R90, however, operates and 
closes its contacts 92 to impress ground poten 
tial upon the start lead 55 and thus initiate the 
operation of the permanent timer 5. If the de 
sired connection is fully established between the 
calling substation and the called substation be 
fore a ground pulse is transmitted through the 
contacts 9 and the low resistance lower winding 
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25 
of the relay R90 to the time-pulse lead C496, the 
battery reversing relay R420 is energized and 
operates to open the operating and holding cir 
cuits for the link release relay R343. Accord 

5 ingly, the link release relay is rendered ineffective 
forcibly to release the connection. Moreover, if 
the connector Switch 40 is seized over a calling 
line, such, for example, as the line 9, which is 
arranged for unrestricted Service, the link release 

10 relay R34 is rendered ineffective forcibly to re 
lease the operated SWitch train. In this case, the 
permanent timer 5, upon operating to impress 
ground potential upon the time pulse lead C496, 
completes a low resistance circuit including the 

15 contacts 425, C39 and the contacts 332 for ener 
gizing the upper winding of the link release relay 
R349. This relay, in operating, completes a path 
for short-circuiting its lower winding, which path 
extends from ground by way of the contacts 336, 

20 C78, the contacts 427, Cl, the contacts 34, the 
lower winding of R340, CT2, the contacts 514, C73, 
the contacts 333 and 314, the conductor 326e and 
the E. C. wiper of the finder switch to the 
grounded E. C. contact engaged by this wiper. 

25 In this regard it will be recalled from the above 
explanation that the finder E. C. contacts which 
are individual to lines of the non-restricted type 
are connected directly to ground. At itS Con 
tacts 342 and 343, the relay R388 provides a sub 

30 stitute holding ground on the hold conductor 
C8, which substitute ground is derived fronn 
the grounded time cut-off lead C34. When, 
however, the ground pulse impressed on the time 
pulse lead C496 is terminated, the link release 

35 relay R340 is deenergized and restores due to the 
short-circuited condition of its lower winding. 
Accordingly, ground as derived through the break 
contacts 342 is again connected to the hold con 
ductor C8 in lieu of the ground connection to 

40 the time cut-off lead C344. Thus, when the con 
nector switch 48 is seized over a line arranged 
for unrestricted service, the link release relay 
R340 periodically operates, but its operation is 
Without effect. 
In the event the connector switch 40 is seized 

over a calling line serving Substations arranged 
for semirestricted Service, the relay network 25 
operates, in the manner Subsequently explained, 
periodically to impress ground potential upon 
the E. C. Wiper of the finder SWitch f. The 
periodicity of these ground pulses is such that 
the lower winding of the link release relay R340 
is, in each case, short-circuited over the short 
circuiting path traced above prior to the expira 
tion of each timing interval when ground poten 
tial is removed from the time cut-off lead by the 
permanent timer 5. Accordingly, when the con 
nector switch 49 is seized over a line arranged 
for semi-restricted service, the link release relay 

60 R340 periodically operates, but its operation is 
Without effect. It Will be noted that in each of 
the two cases last considered, the link release 
relay R340 is rendered ineffective forcibly to 
release the link, due to the completion of a path 

65 for short-circuiting its lower winding. This path 
extends through the break contacts 54 con 
trolled by the digit transfer relay R58, which 
means, of course, that when the digit transfer 
relay R50 operates at the end of the second 

70 digit dialed at a calling substation, the link re 
lease relay R340 is again rendered effective forci 
bly to release the link, regardless of the character 
of the calling line. 

In the event the connector switch 40 is seized 
75 over a line arranged for restricted service, or is 



26 
seized over a line arranged for restricted or semi 
restricted service and the digit transfer relay 
R5 C is operated, the link release relay R340 is 
free to operate under the control of the timer 5. 
When energized by a pulse transmitted over the 
lead C496, the relay R340 locks to ground over 
a path including the resistor 345, the contacts 
34, CTT, the contacts 427, CT 8 and the contacts 
335. At its contacts 342 and 343, the relay R340 
connects the hold conductor C8 to ground over 
a path including the tine cut-off lead C344 and 
opens the direct ground path normally extending 
to this conductor. In the event the battery 
reversing relay R420, which is energized in re 
sponse to the answering of a call routed through 
the link, operates before the time cut-off lead 
C344 is disconnected from ground following oper 
ation of the link release relay R340, the link 
release relay is caused to restore and the con 
nection is not released. More specifically, the 
relay R420, in operating, opens its contacts 425 
and 427 to interrupt the operating and locking 
circuits for the link release relay, causing the 
latter relay to restore and again connect the 
holding conductor C8 to ground through the 
contacts 342. 
Assuming that the link release relay is held 

operated for the predetermined time interval 
which elapses between the transmission of a 
ground pulse over the time pulse lead C496 and 
the removal of ground potential from the time 
cut-off lead C344, the operated switch train com 
prising the finder switch f and the connector 
Switch 40 is released. More Specifically, when 
the time cult-off lead C344 is disconnected from 
ground, ground potential is removed from the 
release conductor 326e and the test conductor 
individual to the calling line, causing the finder 
switch to release in the manner pointed out 
above. In response to the removal of ground 
potential from the test conductor individual to 
the calling line, the cut-off relay embodied in 
the line circuit terminating this line is deener 
gized and restores to again connect the Windings 
of the associated line relay to the conductors 
of the calling line, whereby the line relay is again 
energized over the established calling circuit. 
The line relay associated with the calling line 
now reoperates to complete the holding circuit 
for its associated line lockout relay. With the 
line and lockout relays of the line circuit termi 
nating the calling line operated, the line is 
marked against seizure and the distributor start 
circuit individual thereto is held Open. During 
the release of the finder switch it, the cut- . 
through relay conveniently embodied therein 
restores to open the operating circuits for the 
line relays R360 and R440, causing these two 
relays to restore. The relay R360, upon restor 
ing, initiates the release of the connector por 
tion of the link, in the exact manner described 
above. During the release of the control equip 
ment embodied in the connector SWitch the link 
release relay R340 is deenergized and restores 
in response to the release of the hold slave relay 
R330. 

It will be apparent from the above explanation 
that if a connection is established by Way of the 
finder switch and the connector Switch 49, the 
link release relay is rendered inactive So long as : 
the connection is not released at the called end 
thereof, due to the fact that the battery reversing 
relay R420 is operated. When, however, the 
called subscriber hangs up to cause the deener 
gization and release of the battery reversing relay 
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R420, the operating and locking circuits for the 
link release relay R340 are again prepared. 
Hence, if the calling subscriber fails to disconnect 
Within a reasonable time interval, the link release 
relay, in cooperation with the associated perma 
nent timer Ef, functions to initiate the release 
of the operated switches and 40 and to cause 
the calling line to be locked out of service, all 
in the manner explained above. 
From the foregoing explanation with reference 

to reverting calls routed by way of the connec 
tor Switch 49, it will be recalled that, when this 
COnnector SWitch is engaged in performing a re 
verting call signaling operation, the relay R330 
is deenergized in response to the operation of the 
reverting-call relay R3 ) and is caused to re 
Operate when the calling subscriber hangs up to 
initiate the ringing operation. The relay R339, 
upon restoring in response to the operation of 
the reverting-call relay R3 0, opens the operat 
ing and locking circuits for the link release re 
lay R349, causing this relay to restore if operated. 
Upon reoperating, however, the hold slave relay 
R33) reprepares the operating and locking cir 
cuits for the link release relay R34, whereby a 
Second timing interval is initiated. Thus, the 
(permanent timer 5, operating in conjunction 
With the link release relay R34, functions to 
time the ringing periods used in reverting call 
Signaling and forcibly to release the link in any 
Case Where the signaling period is excessive. It 
Will be noted that in this case the reverting-call 
relay R30 and the digit transfer relay R50 are 
Operated. Accordingly, the previously traced 
path for short-circuiting the lower winding of 
the link release relay R340 is held open at the 
contacts 3:4 and 5f 4, so that the timing opera 
tion proceeds regardless of the character of the 
Calling line. - 

It will be apparent from the foregoing ex 
planation that in those cases where the conversa 
tion timing facilitates are active, the conversa 
tion period is timed from the instant when the 
ring cut-off relay R520 operates. If the called 
party disconnects before the conversation tim 
ing period expires, but the calling party fails 
to disconnect, the operating and locking circuits 
for the link release relay R340 are reprepared at 
the break contacts 426 and 427, respectively, 
When the battery reversing relay R420 restores. 
In this case the connection may be released either 
by the permanent timer 5 cooperating with the 
link release relay R340, or by the conversation 
timer 53 cooperating with the reverting-call relay 
R30, depending upon which set of apparatus is 
first to complete its timing operation. 

INTER-OFFICE TRUNK CALLS 
In routing calls from the non-restricted sub 

SC3'iger lines terminating at the C. A. X to the 
Subscriber lines terminating at the distant auto 
inlaic exchange 35, any one of the restricted 
trunks in the group including the trunk 36 may 
be utilized. Thus, if a call intended for a sub 
SCliber served by the automatic exchange 35 and 
initiated at the substation A, for example, is 
routed to the connector switch i () through the 
finder Switch f , the calling subscriber may dial 
the Single digit designating the group of trunks 
in Which the trunk 35 is included. In response 
to the dialing of this digit, the connector switch 
(ii Operates in the manner previously explained, 
to Select an idle trunk in this group. Assuming 
that the trunk 36 is the first available idle trunk 
of the group, the connector switch 40, upon test 
ing this trunk and finding it idle, extends the 
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calling circuit to the repeater 3 associated there 
with... When the calling circuit is thus extended 
to the repeater 3, one or both of the line re 
lays R128 and R850 may be energized. If the 
calling line is of the loop type, these relays are 
energized over the calling loop circuit, which has 
now been extended to include the contacts 7, 

4, 32 and 87, and the repeating coil wind 
ings 70 and 763. In the event the calling line 
is of the simplex type, only the relay R85) is 
energized, this relay being energized over a cir 
cuit including the contacts 87, CT 76, the wind 
ing 79, the contacts if f and the negative side of 
the calling simplex circuit. In this case, the re 
lay RT20 is short-circuited over a path includ 
ing the contacts 732, the repeating coil winding 
73, the contacts A and the positive side of the 
calling simplex circuit. In the event the calling 
line is of the ground return type, the relay R729 
is open-circuited and, accordingly, does not 
Cperate. 
Assuming that the calling line is of the loop 

type, the relay R2 is energized and operates to 
open, at its contacts 72, a point in the operating 
circuit for the calling simplex relay R73. The 
relay RS5t, in operating, closes its contacts 85 
to complete a circuit including the contacts 83 
and CT 84 for energizing the pulsing relay R8. 
At its contacts 852, the relay R850 prepares the 
operating circuit for the calling simplex relay 
R73. 
The pulsing relay R89, upon operating, closes 

its contacts 82 to complete a circuit including 
the contacts 825 and C74 for energizing the up 
per winding of the lock-pulse relay R. 6). At its 
contacts 78, the relay R780 opens a point in its 
own booster circuit. The relay R76), upon 
operating, closes its contacts 76 to prepare a 
circuit, for energizing its lower winding. At its 
contacts 766, the relay R760 locks to ground over 
a path including the contacts 782 and the re 
sistor 754. At its contacts 62, the relay R6) 
opens a point in the operating circuit for the 
pulse-controlled relay Rei. At its contacts 764, 
the relay RS) opens a point in the operating 
circuit for the relay R. At its contacts 765, 
the relay RS opens a point, in the operating 
circuit for the relay R8 ft. At its contacts 763, 
the relay RSO completes a circuit including the 
contacts 8S, and the conductors CS6 and C9 
for energizing the slow-acting hold relay R820. 
The relay R$29, upon operating, closes its con 

tacts 824 to complete an obvious circuit for en 
ergizing the relays R830 and R869 in parallel. 
At its contacts 823, the relay R.32 prepares the 
operating circuits for the relays R83 and Ril 8, 
prepares a locking circuit for the relay R33, 
and completes a multiple holding circuit for the 
relay RTS), the latter circuit extending from 
ground by Way of the contacts 823, Ca$8, the re 
sistor 75 and the upper winding of R769 to bat 
tery. At its contacts 825, the relay R820 opens 
the operating circuit for the relay R76. At its 
contacts 823, the relay R828 also completes a 
circuit including the conductor C98, the resistor 
755, the contacts 2 and C783 for energizing the 
upper winding of the lock-pulse relay R319. The 
current supplied to this winding over the circuit 
just traced is insufficient to cause the operation 
of the relay RSC, but renders this relay exceed 
ingly fast to operate. At its contacts 822, the 
relay R820 prepares the above-mentioned booster 
circuit for the pulsing relay R789. At its con 
tacts 82, the relay R820 prepares a loop circuit 
extending by way of the conductors of the trunk 
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36 to the automatic Switching equipment pro 
vided in the distant exchange 35. At its con 
tacts 823, the relay. R820 also completes a cir 
cuit for energizing the right winding of the elec 
tropolarized back-bridge relay R 59, this circult 
extending from ground by Way of the contacts 
823, CT 98 and the right winding of R759 to bat 
tery. It Will be noted that a branch of this cir 
cuit extends through the resistor 33 and the 
lower or restoring winding of the differentially 
Wound lock-pulse relay R76). The energization 
of the upper winding of the relay R769 still pre 
dominates, however, so that this relay remains in 
its operated position. The relay R759 does not 
operate when this circuit is completed. 
The relay R839, in operating, closes its con 

tacts 832 to complete an obvious path for im 
pressing ground potential upon the test conduc 
tor C9, thereby to complete the previously men 
tioned locking circuits for the operated relays 
in the connector SWitch 4 and the finder Switch . 

, and to maintain the busy marking of the 
trunk 24. At its contacts 83, the only relay R83) 
opens an incomplete alternative path for ground 
ing the test conductor C9. At its contacts 833, 
the relay R839 prepares the operating circuit for 
the pulse-controlled relay R49. At its contacts 
835, the relay R830 completes a locking circuit for 
the hold relay R820, this circuit extending from 
ground by Way of the contacts 824 and 835, C96, 
the contacts 63, C79 and the winding of R.32 
to battery. At its contacts 834, the relay R33 
interrupts the operating circuit for the hold 
relay R823. At its contacts 836, the relay R838 
completes an obvious circuit for energizing the 
line-switching relay R888. 
The relay R889, in operating, opens its contacts 

882 and 883 to disconnect the conductors of the 
trunk 38 from the line circuit 3. At its contacts 
88 f and 884, the relay R380 completes a calling 
loop circuit which extends from the repeating 
coil 79 to the repeater terminating the trunk 
35 in the distant automatic exchange 35. This 
loop circuit may partially be traced as extending 
by way of the contacts 88, C83, the repeating 
coil winding 72, the left Winding of the back 
bridge relay R759, the repeating coil winding 4, 
C785, and the contacts 8ff, 82 and 384. The 
direction of current flow over this circuit is such 
that the polarized back-bridge relay R5 does 
not operate. When this loop circuit is completed, 
the automatic switching equipment provided in 
the exchange 35 is conditioned in a well-known 
manner to respond to impulses transmitted over 
the trunk 36 and dial tone is returned to the call 
ing subscriber. At its contacts 885, the relay 
R880 opens a point in one of the operating cir 
cuits for the battery reversing relay RTÉ . At its 
contacts 836, the relay R389 prepares the oper 
ating circuit for the control relay R34. 

Grounded or simplea line test 
The relay R850 operates shortly following the 

operation of the relay R88), and closes its con 
tacts 86 to complete the prepared operating cir 
cuit for the control relay R849. At its contacts 
862, the relay R869 opens a point in the operating 
circuit for the control relay R89. The relay 
R840 operates after an interval and opens its 
contacts 843 to interrupt the path over which 
negative battery potential is normally impressed 
Upon the E. C. conductor C92. More specifically, 
this conductor is normally connected to the nega 
tive terminal of the exchange battery over a path 
including the contacts 843 and the resistor 843, 
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this marking path serving to identify the trunk 
3 as a restricted trunk and to provide a circuit 
for energizing the restricted service relay R550 
of the Connector switch 48 in the manner previ 
ously explained. At its contacts 42, the relay 
R84t completes a path for impressing ground 
potential upon the E. C. conductor C792. This 
ground path is utilized in the manner previously 
described to control the trunk-hunting operation 
of the other connector switches in searching for 
an idle trunk in the group including the trunk 
35, and extends from ground by way of the con 
tacts 832 and 842 to the conductor C92. In this 
regard it is pointed out that if the trunk 36 is 
the last trunk of the group, the strap 838 connect 
ing the terminals 33 and 839 is omitted from the 
repeater circuit wiring so that the path just 
traced is not completed. The omission of this 
strap serves to prevent further searching of a 
connector switch occupied with a trunk call 
intended for One of the restricted trunks when 
the last trunk of the group is selected. Thus, 
with the E. C. conductor C792 disconnected from 
ground, the previously traced trunk test circuit 
Over which the trunk-hunting relay R480 is ener 
gized is held open when the trunk 36 is selected. 
At its contacts 84, the relay R840 prepares 

the above-mentioned alternative path for im 
pressing ground potential upon the test and E. C. 
conductors C79 and C792. At its contacts 844, 
the relay R840 locks to ground over a path in 
cluding the contacts 886. At its contacts 845, the 
relay R840 prepares the operating circuit for 
the slow-to-operate control relay R870. At its 
contacts 845, the relay R840 interrupts the oper 
ating circuit for the relay R860. At its contacts 
847, the relay R840 prepares or completes the 
operating circuit for the calling simplex relay 
R730, depending upon the position of the line 
relay R720. This circuit extends from ground 
by way of the contacts 875, 852 and 847, CTO, 
the contacts 72 and the winding of R730 to 
battery, and is completed in response to opera 
tion of the relay R840 in the event the line relay 
R720 occupies its restored position. On the other 
hand, if this line relay is operated and the call 
ing line is of the simplex or ground return type, 
the relays R6 10 and R330 cooperate to trans 
mit a ground pulse over the positive wiper 66 
which serves to short-circuit the line relay R720. 
When thus deenergized, the relay R720 restores 
to complete the prepared operating circuit for 
the relay R730. 
The relay R730, upon Operating, locks to 

ground over a path including the contacts 733, 
C 98 and the contacts 823. At its contacts T32, 
the relay R730 disconnects the winding of the 
line relay RT20 from the positive line wiper 66. 
At its contacts 73f, the relay R730 connects the 
positive line wiper 66 to the conductor C776 to 
complete a multiple circuit for energizing the 
line relay R859, assuming that the calling line 
is of the simplex type. In the event the calling 
line is of the ground return type, the operation 
of the relay R730 is without effect to increase 
the energization of the line relay R850. 
The relay R860 restores shortly following the 

operation of the relay R849, and opens its con 
tacts 86 to interrupt the operating circuit for 
the relay R840. At its contacts 862, the relay 
R862 completes the prepared operating circuit 
for the slow-to-operate control relay R870, this 
circuit extending from ground by way of the Con 
tacts 824, 845 and 852, and the winding of R870 
to battery. The relay R870 now operates and 
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OpenS its contacts 85 to interrupt the above 
traced Operating circuit for the calling simplex 
relay R733. At its contacts 84, the relay R870 
COInpletes a path including the resistor 746, the 
conductors C376 and C783, and the contacts 874 
aid 3 over which the line relay R729 is par 
tially short-circuited, thereby to decrease the re 
Sistance of the calling circuit if the calling line 
is of the loop type. At its preliminary make 
contacts 82, the relay R8 includes the wind 
ing of the pulsing relay R780 in the calling cir 
cuit. At its contacts 373, the relay R870 inter 
rupts the initially completed operating circuit 
for the pulsing relay R. E. O. At its contacts 87, 
the relay R3C excludes the winding of the line 
relay R353 from the calling circuit, thereby to 
CauSe the deenergization and release of the latter 
relay. In restoring, the relay R850 opens its 
COIntacts 853 to interrupt the operating circuit 
for the pulsing relay R788, and opens its contacts 
852 further to interrupt the operating circuit 
for tie calling simplex relay R73). Following 
the release of the line relay R850, the control 
equipment of the repeater 3) is conditioned to 
Fespond to the impulses of the additional digits 
designating the desired substation served by the 
distant automatic exchange 35. From the above 
explanation, it will be noted that if the calling 
line is of the grounded or simplex type, the re 
lays R783, R820, R330, R846, R870, R880, RT 60 
and R730 are operated following seizure of the 
repeater 3 and prior to the transmission of 
impulses to this repeater. In this case, the neg 
ative terminal of the exchange battery is con 
nected to both sides of the calling circuit through 
the Winding of the pulsing relay R78). On the 
other hand, if a loop line is calling, the relays 
R32, R620, R330, R340, RCI 9, R880, R760 and 
R20 are operated following seizure of the re 
peater 39, and the exchange battery is connected 
between tie two sides of the calling loop circuit 
in series With the Windings of the relays R 20 and 
R39. Talking battery may be supplied to the 
transmitter provided at the calling Substation 
over this battery feed circuit. 

Repeating dial pulses to the distant eacchange 
When a link in the distant automatic exchange 

35 is seized through the repeater terminating the 
trunk 36 in this exchange, the control equipment 
thereof functions in the usual manner to trans 
nit dial tone signal current back over the trunk 
36 and the calling line, thereby to signal the call 
ing subscriber that the dialing operation may be 
continued. During the dialing of further digits 
at the calling substation, the pulsing relay R780, 
operating in conjunction with the lock-pulse re 
lays R760, R77) and R89 functions to repeat 
the pulses to the seized Switching equipment in 
the exchange 35. More specifically, when the 
pulsing relay R780 restores at the beginning of 
the first impulse transmitted to the repeater 30, 
it opens its contacts 782 to interrupt the branch 
holding circuit for the lock-pulse relay R760 
which includes the resistor 754. When this cir 
cuit is opened, the energization of the lower 
winding of the differentially wound relay R760 
predominates, with the result that this relay is 
restored electrically. At its contacts 78f, the re 
lay R780 completes the above-mentioned booster 
circuit for itself, this circuit extending from 
ground by way of the contacts 78, C787, the re 
sistor 8 ft, the contacts 822, C784 and the wind 
ing of R780 to battery. The current flow over 
this circuit is insufficient to cause the reopera 
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tion of the pulsing relay R780, but renders this 
relay exceedingly fast-to-operate when the call 
ing circuit is recompleted at the end of the open 
circuit period of the impulse. In restoring, the 
relay R760 opens its contacts 16 to interrupt 
the previously traced circuit for energizing its 
lower winding. At its contacts 762, the relay 
RT60 completes the prepared operating circuit 
for the pulse-controlled relay R748, this circuit 
extending from ground by way of the contacts 
824 and 835, C796, the contacts 762, C795, the 
contacts 833, C794 and the winding of R746 to 
battery. At its contacts 763, the relay R. 60 opens 
the operating circuit for the hold relay R820. 
At its contacts 764, the relay R. 60 prepares a cir 
cuit for energizing the upper Winding of the lock 
pulse relay R770. At its contacts 766, the relay 
R760 opens another point in its own locking cir 
cuit. At its contacts 765, the relay R760 con 
pletes a circuit for fully energizing the upper 
winding of the lock-pulse relay R80, this cir 
cuit extending from ground by way of the con 
tacts 823, C798, the contacts TS5 and 772, C793 
and the upper winding of R80 to battery. 
The relay R80, upon operating, closes its con 

tacts 84 to complete an obvious path for short 
circuiting its lower winding, thereby to render 
itself slow-to-release. At its contacts 82, the 
relay R89 completes an obvious holding circuit 
for the hold relay R820. At its contacts 8f3, the 
relay R80 completes the above-mentioned cir 
cuit for energizing the upper Winding of the slow 
to-operate lock-pulse relay R770, this circuit ex 
tending from ground by way of the contacts 823, 
C798, the contacts T65, CT 02, the contacts 83, 
C799, the contacts 764 and the upper winding of 
RT TO to battery. 
The lock-pulse relay RTO operates after an in 

terval and opens its contacts 773 to interrupt the 
path normally short-circuiting its lower Winding. 
At its contacts 77 , the relay R779 completes an 
obvious multiple circuit for energizing its upper 
winding. At its contacts 712, the relay R77 in 
terrupts the above-traced operating circuit for 
the lock-pulse relay R820, causing the latter 
relay to restore after an interval. At its contacts 
77 and 774, the relay R70 completes an alter 
native path for short-circuiting its lower wind 
ing, this path extending from ground by way of 
the resistor 753, the contacts 774, the lower wind 
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ing of R770, the contacts 764 and 77, C798 and 
the contacts 823 back to ground. At its con 
tacts 775, the relay R770 prepares an alternative 
operating circuit for the lock-pulse relay R760. 
Shortly following the operation of the relay R770, 
the relay R8 to restores and opens its contacts 
84 to interrupt the path short-circuiting its low 
er winding. At its contacts 83, the relay R89 
OpenS the above-traced operating circuit for the 
relay R770. At its contacts 82, the relay R8.0 
opens the holding circuit for the relay R820. 
When the pulsing relay RT80 reoperates at the 
end of the open-circuit period of the first im 
pulse, it closes its contacts 782 to complete the 
above-mentioned alternative operating circuit 
for the relay R760, this circuit extending from 
ground by way of the contacts 775 and 782, and 
the upper winding of R760 to battery. At its 
contacts 781, the relay R789 opens its booster 
circuit as traced above. The relay RT 60 now re 
operates to perform the functions described 
above. At its contacts 7 S4, the relay R769 in 
terrupts the above-traced path short-circuiting 
the lower winding of the relay R770, and opens 
the circuit for energizing the upper winding of 
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the latter relay. When the short-circuiting path 
just mentioned is interrupted, the lower Wind 
ing of the relay RTO is energized over a circuit 
including the resistors 709 and 753, and the con 
tacts 4. This relay is differentially Wound. 
Accordingly, the energization of its lower Wind 
ing in the manner just explained causes this re 
lay rapidly to restore. In releasing, the relay 
R770 opens its contacts f4 to interrupt the path 
for energizing its lower winding, opens its con 
tacts 775 to interrupt the operating circuit for 
the relay R760, closes its contacts 773 to short 
circuit its lower Winding, and closes its contacts 
72 to reprepare the operating circuit for the 

relay R80. Following the release of this relay, 
the pulse regenerating relays R780, R760, R77) 
and R80 are prepared to respond to another im 
pulse. The manner in which these four relays 
coact in response to additional impulses trans 
mitted to the repeater 30 is exactly the same as 
just explained. 
AS indicated above, the relay R & B is ener 

gized and Operates in response to the release of 
the relay Rf6 at the beginning of the open 
Circuit period of the first impulse. In operating, 
the relay R4 closes its contacts 74 i to prepare 
a locking circuit for the battery reversing relay 
R43, and closes its contacts 63 to shunt the 
resistor it across the operating winding of the 
back-bridge relay Ri59, thereby to reduce the 
I'eSistance of the puising circuit which extends 
by Way of the trunk S6 to the distant exchange 
35. At its contacts 42, the relay R. 43 completes 
a path including the resistor iá6 for short-cir 
'cuiting the Winding of tine relay Rs.29, thereby 
to reduce the resistance of the calling circuit, in 
the event the calling line is of the loop type. 
At its contacts G, the relay R4 (3 completes an 
obvious path for Short-circuiting the repeating 
Coil Winding 75i, thereby further to reduce the 
resistance of the calling circuit over which the 
impulses are transmitted to the relay R2 8G from 
the calling Station. Due to the slow-to-release 
characteristics thereof, the relays R; ii) and R.32 
remain Operated during each series of impulses 
transmitted to the repeater 33. The relay R43, 
however, restores during the inter-digit pause 
between each series of impulses, and remains in 
its restored position after the calling operation 
is terminated. 
Each time the relay R8 is restores in response 

to the release of the pulsing relay R266, it opens 
its contacts 8 fi to interrupt the established loop 
Circuit extending to the seized automatic switc.in 
ing equipment in the exchange 35. This loop 
circuit is obviously recompleted each time the 
relay R8 is restores in response to operation of 

Trius, the reiay R3; 
iuinctions to repeat the corrected in pulses to the 
loop circuit extending from the repeating coil 
5u to the automatic Switching equipment of the 

distant exchange 35. This automatic switching 
equipment responds to the repeated dial pulses 
by Operating to Select the desired called line in 
tne usual manner. After this line is selected it, 
is tested to determine the idle or busy condi 
tion thereof and, if busy, the usual busy tone 
Signal is returned. Over the connection to signal 
the calling subscriber that the desired connec 
tion cannot be obtained. On the other hand, if 
the called line is idle, ringing current is trans 
mitted thereover for the purpose of signaling 
the called Subscriber, and the usual ring-back 
tone signal is transmitted back over the connec 



tion to Signal the calling subscriber that the 
called substation is being rung. 
When the call is answered at the called sub 

Station, the desired conversational circuit be 
tween the calling and called substations is fully 
completed, and the trainsmission of ringing cur 
rent over the called line and the trunk 36 is 
arrested. In addition, the control equipment of 
the Switching apparatus in use at the eXchange 
35 operates to reverse the direction of current 
flow over the trunk 36 and through the left-hand 
winding of the back-bridge relay R750. As a 
result, the electro-polarized back-bridge relay 
R759 operates to complete, at its contacts 75t, an 
obvious circuit for energizing the battery revers 
ing relay R72. At its contacts 1 to Ti 4, inclu 
sive, the relay R70, in operating, reverses the 
direction of current flow over the calling circuit 
in the event the calling line is of the loop type. 
At itS contacts 75, the relay RO prepares a 
locking circuit for itself. At its contacts T 16, the 
relay fill cpens a point in the above-traced 
path for short-circuiting the Winding of the line 
relay R23. At its contacts Tit, the relay RTÉ) 
completes an obvious multiple path for impress 
ing guarding ground potential upon the connected 
test and E. C. conductors C79 and C792, respec 
tively. At its contacts 78, the relay RTO com 
pletes a multiple holding circuit for the relay 
R840, this circuit extending from ground by way 
of the contacts 78, C93 and the winding of 
R340 to battery. 
In the event further impulses are dialed at the 

calling station after the call is answered, the four 
relays, R780, R760, R779 and R810 cooperate in 
the manner explained above to repeat these in 
pulses over the trunk 36 to the distant exchange 
35. At the beginning of Such dialing, the relay 
R749 is energized and operates to complete the 
prepared holding circuit for the relay R710, this 
circuit extending from ground by way of the 
contacts T44 and if 5, and the winding of R710 
to battery. This locking circuit is obviously in 
terrupted at the contacts 144 at the end of each 
Series of impulses. Each time the loop circuit 
including this trunk is opened at the contacts 
8, the back-bridge relay R759 restores and 
opens its contacts 751 to interrupt the operat 
ing circuit for the battery reversing relay R70. 
The latter relay RTO is, however, held energized 
Over its locking circuit as traced above. 

It Will be apparent from the above explanation 
that the back-bridge relay R750 responds to 
Switchhook operation at the called substation by 
Opening and closing the operating circuit for the 
battery reversing relay R10. Thus, each time 
the called Subscriber hangs up, the control equip 
inent of the automatic switching apparatus occu 
pied With the call in the exchange 35 operates 
to reverse the direction of current flow through 
the winding of the back-bridge relay R750, and 
this relay restores to interrupt the operating 
current for the battery reversing relay R7). 
These two relays are.obviously reoperated in the 
order named, each time the called subscriber re 
Inoves the receiver provided at the called Sub 
Station from its Supporting hook or cradle prior 
to the release of the connection. Each time the 
battery reversing relay R D restores, it reverses 
the direction of current flow, over the calling 
circuit, assuming the calling line to be of the loop 
type; closes its contacts 6 to reprepare the 
path for short-circuiting the winding of the line 
relay R720; opens its contacts 7.7 to interrupt 
the multiple path for impressing ground poten 
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tial upon the connected test and E. C. conductors 
C9 and C92, respectively, and opens its con 
tacts 78 to interrupt the established locking cir 
cuit for the control relay R840. 

Release 
In the event the call is cleared out at the calf 

ing Substation prior to its release at the called 
substation, the relays R750 and R7 to are caused 
sequentially to restore in the manner just ex 
plained. Thereafter, and when the calling sub 
scriber disconnects, the pulsing relay R780 and 
the relay R720, if operated, are deenergized and 
restore. In response to the release of the relay 
R789, the relay R760 restores, the relay R8 iO 
operates, the relay R770 operates, and the relay 
R840 restores, in the sequence named and in the 
exact manner described above. With the relays 
R760 and R810 in their restored positions, the 
operating and locking circuits for the hold relay 
R820 are held open at the contacts 763 and 812, 
respectively. The relay R820 restores after an 
interval and opens its contacts 823 to interrupt 
the operating and locking circuits for the relays 
R70 and R730. At its contacts 824, the relay 
R820 opens the operating and locking circuits for 
the relays R830, R360, R870 and R740. Thus, 
the five relays R730, R140, R770, R330 and R870 
are caused to restore. The relay. R830, in releas 
ing, OpenS the operating circuit for the relay 
R880, thereby to cause the sequential release of 
the latter relay and the relay. R840. Following 
the release of the two last-mentioned relays, the 
repeater. 38. is fully restored to normal. The re 
layS. R330 and R840, in restoring, open the two 
available paths over which ground potential may 
be impressed upon the test and E. C. conductol's 
C9, and C792, respectively. At its contacts 843, 
the relay. R840 recompletes the path for impress 
ing negative battery potential upon the E. C. 
conductor. C792 for the purpose of indicating the 

When 

In the event the connection is cleared out at 
the calling. Substation prior to its release at the 
called substation served by the distant automatic 
exchange. 33, the back-bridge relay. R750 and the 
battery reversing relay R. O. are held operated 
until the hold relay R820;releases, in the manner 
just explained, When the hold relay, restores, 
the loop circuit extending by way of the trunk 
35. to the distant automatic exchange is opened 
at the contacts 82, causing the back-bridge and 
battery, reversing relays. Sequentially to restore. 
In this case, the relay. R880, upon restoring, 
closes its contacts 882 and 883 to connect the 
conductors of the trunk. 36 to the talking, co 
ductors of the trunk 34; thus establishing a loop 
circuit between the line circuit 3 - and the re 
peater terminating the trunk 36 in the distant 
eXchange 35. When this loop circuit, is com 
pleted, the line circuit 3 operates: to seize an 
assigned one of the idle: finder-connecter links 
provided in the C.A.X., thereby to cause the 
finder portion of the assigned link to seize the 
trunk 36 over the link line, 34, and to... impress 
ground potential upon the private conductor 34c. 
When the conductor 34c is connected to ground, 
the battery reversing relay. RO, is energized 
Over a circuit, including this conductor, the con 
tacts 885,and; the conductor C799. In operating, 
the relay, R19, closes its; contacts flito impress 
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ground potential upon the test conductor C9, 
thereby to mark the trunk 36 as busy in the bank 
contacts of the connector Switches. At its con 
tacts 78, the relay RTO completes a circuit ex 
tending by Way of the conductor C793, for ener 
gizing the control relay R840. The relay R840 
now operates and opens its contacts 843 to dis 
connect the E. C. conductor C792 from the nega 
tive terminal cf the exchange battery. At its 
contacts 832, the relay Riso connects the E. C. 
conductor C92 to the grounded test conductor 
C79 for the purpose of controlling the trunk 
hunting Operation of the connector SWitches. 
When the connection is cleared out at the called 
substation, the loop circuit extending between the 
line circuit 3 and the repeater terminating the 
trunk 35 in the exchange 35 is interrupted by the 
control equipment of this repeater. As a result, 
the lire circuit S and the Seized link in the 
C. A. X are released. During the release of the 
line circuit 3, the private conductor 34c is dis 
connected from ground to deenergize the battery 
reversing relay R ). Thus, the relays R O and 
R84 are caused sequentially to restore, whereby 
the test and E. C. conductors C39 and C792, 
respectively, are disconnected from ground, and 
the E. C. conductor is connected to the negative 
terminal of the exchange battery through the 
resistor 848. 
When a call intended for a Subscriber served 

by the C. A. X is routed through the automatic 
switching equipment of the exchange 35 and 
over the trunk 38 to the line circuit St, the line 
relay of this line circuit operates to impress 
ground potential upon the private conductor 34C 
in the manner described in the preceding para 
graph. When this conductor is connected to 
ground, the relays R; and R840 operate to per 
form the functions described above. The line 
circuit S, in operating, also functions to Seize 
an idle one of the links in the C. A. X in the 
exact manner described previously with reference 
to the call originating at the substation. A. The 
manner in Which such a call is routed to the 
desired substation and the connection is released 
When no longer desired is also the same aS de 
scribed above and will be clearly apparent from 
the preceding explanation. 
OPERATION OF THE RESTRICTED SERVICE AND TIME 

BLOCKING NETWORK 25 

As pointed out previously, the relay network 
25 is provided for the purpose of controlling the 
operation of the link release relay R340, the 
restricted service relay R559 and the timing relay 
R640 of the link illustrated, and the correspond 
ing relays provided in the other links of the 
C. A. X. This network includes the relays R240, 
R250 and R26, individual to the lines upon 
which service restrictions are imposed, and hav 
ing windings which are utilized as resistance 
marking paths over which negative battery po 
tential is impressed upon the E. C. contacts of 
the finder contact sets terminating the respec 
tive associated lines. In this regard, it Will be 
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recalled that the resistance battery marking . 
paths, including the windings of the relays R240, 
R250, R260, etc., are utilized to prevent the re 
spective associated lines from obtaining access 
to certain of the central office trunks through 
the links. The additional relays R230, R220 and 
R20 are controlled by the pulsing element 263 
to transmit ground pulses over the E. C. conduc 
tors individual to the semi-restricted lines for 
the purpose of rendering the link release relay 
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R340 and the timing relay R640 of the link 
illustrated, and the corresponding relays of the 
other links, ineffective forcibly to release con 
nections routed through the links. 
In considering the operation of the network 

25, it may be assumed that a call intended for 
one of the restiricted trunks is initiated at a Semi 
restricted substation, Such, for example, as the 
substation C served by the line 6. It may fur 
ther be assumed that the links illustrated is ulti 
lized in handling the call. During the operation 
of the connector switch to select an idle One of 
the restricted trunks, the digit transfer relay 
R5 () is caused to operate. Thereafter, and when 
an idle trunk is selected, the restricted service 
relay R55) is energized over the trunk test cir 
cuit previously described, and Operates to com 
plete a circuit for energizing the lower winding 
of the busy test relay R530 in series with the 
relay R240 individual to the line 6, this circuit 
extending from ground by way of the contacts 
64, C597, the contacts 552, the lower winding 
of R530, the contacts 55, C3, the contacts 333 
and 314, the E. C. conductor 326e, the E. C. 

5. Wiper of the finder SWitch l, the E. C. conduc 
tor 6e, and the winding of R240 to battery. 
When energized over this circuit, the relay R240 
operates and closes its contacts 242 to prepare 
a pulsing circuit to the slow-acting relay R230. 
With the relay R24) operated, the continuously 
driven pulsing element 263 operates periodically 
to transmit ground pulses through the contacts 
242 to the relay R230. Each time the relay R239 
operates, it closes its contacts 23 to complete an 
obvious operating circuit for the slave relay R220. 
The relay R220, in operating, closes its contacts 
22 to complete an obvious locking circuit for 
the relay R240, and impresses ground potential 
upon the E. C. conductor 6e. Each time the 
relay R230 restores, it deemergizes its slave relay 
R220, and the latter relay restores to discon 
nect the conductor 6e from ground. Thus, 
ground pulses are periodically transmitted over 
the E. C. conductor Ge, which are utilized in the 
manner previously described to control the tim 
ing relay R640 and the link release relay R340. 
If the calling line is arranged to provide fully 
restricted Service to the Subscriber or Subscribers 
served thereby, the ground pulsing path just de 
scribed, which is individual to the line and ex 
tends to the E. C. Conductor 6e, is omitted from 
the wiring of the network 25. In the absence of 
this path, ground pulses are not transmitted 
over the E. C. conductor 6e to cause the periodic 
release of the relayS R340 and R640, if operated. 
Thus, the timing operation of these relays is not 
interfered with. It will be noted that the puls 
ing circuit extending to the relay R230 from the 
pulsing element 263 may be completed by any 
one of the line relays provided in the network 25. 
It will also be noted that each of the line relays, 
in operating, functions to prepare the pulsing 
circuit to its associated E. C. conductor. In this 
regard, it is pointed out that if only a small num 
ber of the lines terminating at the exchange are 
restricted, the slave relays R220 and R20, and 
the circuits controlled thereby, may be omitted, 
the ground pulsing circuits being directly con 
trolled by the relay R230. These slave relays 
are provided solely for the purpose of enabling 
the network 25 to serve a relatively large number 
of lines. 

OPERATION OF THE TIMER START CIRCUIT 50 
As pointed out in the introductory portion of 
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the specification, the arrangement of the tinner 
start circuit 53 is such that a single lead con 
necting each link with the start relay individual 
to each tinning unit is utilized for the dual pur 
pose of controlling the energization of the associ 
ated Start relay and the transmission of the con 
trol pulses to the link. Thus, it is pointed out 
above that when negative battery potential is 
impressed upon the time pulse lead C496 through 
operation of the hold slave relay R330 provided in 
the link illustrated, the upper winding of the 
timer start relay R92 is energized, causing this 
relay to operate. In operating, the relay R90 
closes its contacts 9:2 to impress ground poten 
tial upon the permanent timer start lead 55 and ; 
thus initiates the operation of the permanent 
timer 5. At its contacts 93, the relay R90 also 
impresses ground potential upon the Start lead 
56 for the purpose of initiating the operation of 
the dial and busy tone generators 60. The per 
manent timer 5, in operating, functions periodi 
cally to impress ground pulses upon the time pulse 
lead 54, which is now connected through the lower 
winding of the relay R9f G to the time pulse lead 
C496. When the time pulse lead 54 is connected 
to ground, the high resistance upper winding of 
the relay R910 is effectively short-circuited over 
a path including the low resistance lower wind 
ing of this relay and the contacts 9 f. The 
current flow through this lower winding, and the : 
upper winding of the link release relay R340, 
however, serves to prevent the relay R910 from 
releasing. Moreover, the low resistance path 
through the lower winding of the relay R9 () 
does not materially restrict the energization of 
the upper winding of the link release relay R340. 
Thus, the lead C496 is utilized both for the pur 
pose of controlling the energization of the relay 
R90 and for the purpose of transmitting control 
pulses to the link illustrated. Obviously, the re 
lay R9 () is deenergized and restores. When the 
time pulse lead C496 is disconnected from the 
negative terminal of the eXchange battery. 
In a similar manner, the start relay R920 may 

be energized in series with the winding of the 
magnet f O4 in response to operation of the tim 
ing relay R640. This series circuit extends from 
ground through the winding of R920 by way of 
the contacts 932, C679, the contacts 642, C67 and 
the winding of the magnet 004 to battery. Due 
to the relatively high resistance of the winding 
of the relay R920, the magnet f OO4 is insufficiently 
energized to operate when this circuit is com 
pleted. 
closes its contacts 92 to complete an obvious 
path for impressing ground potential upon the 
start conductor 5 extending to the tick-tone 
generating equipment 52. At its contacts 923, the 
relay R920 completes an obvious path for im 
pressing ground potential upon the timer start 
lead 58. When the two leads 5 and 58 are thus 
connected to ground, Operation of the tick-tone 
generating equipment 52 and the conversation 
timer 53 is initiated. At its contacts 922, the 
relay R920 prepares a circuit including the puls 
ing lead 59 over which ground pulses may be 
transmitted to the pulsing relay R930 under the 
"control of the timer 53. Following the operation 
of the relay R920, the pulsing relay R93 as 
controlled over the pulsing lead 59 by the con 
versation tinner 53, periodically operates and re 
Stores. Each time this relay operates, it opens 
its contacts 932 to interrupt the cperating circuit 
for the relay R920, closes its contacts 933 to com 

The relay R92, however, operates and . 

5 

: 5 

20 

3 5 

40 

5 5 

60 

70 

75 

2,333,489 
plete an obvious holding circuit for the relay 
R929, and closes its contacts 93 to complete an 
obvious path for impressing ground potential di 
rectly upon the combined start and pulse lead 
C679. Each time the relay R939 restores, it dis 
connects the lead. C679 from ground to termi 
nate the pulse, closes its contacts 932 to recom 
plete the operating circuit for the relay R920, and 
Opens its contacts 933 to interrupt the holding 
circuit for the relay R929. Obviously, when the 
lead C679 is disconnected from the negative ter 
minal of the exchange battery in response to the 
release of the timing relay R348, the relay R923 
is deenergized and restores. In releasing, the 
relay R920 disconnects the two start leads 57 and 
58 from ground to arrest the operation of the 
tick-tone generating equipment 52 and the con 
versation timer 53, and opens its contacts 922 
to interrupt the pulsing circuit extending to the 
pulsing relay R933. 
While there has been described what is at pres 

ent considered to be the preferred embodiment 
of the invention, it will be understood that vari 
ouS modifications may be made therein, and it is 

; contemplated to cover in the appended claims 
all such modifications as fall within the true 
Spirit and scope of the invention. 
What is claimed is: 
i. In a telephone systein, lines of different 

types, a regeate including control equipment 
normally ai'ranged to be controlled over a line of 
One type and means responsive to a control sig 
Ilai trainSnitted to said repeater over one of the 
talking conductors of a connection exiended to 
Said repeater for conditioning said control equip 
TheIt to be conti'Olied CVer a line cf another type, 
and a Selector switch operative to extend con 
nections fron calling ones of said lines to said 
repeater and including means for transmitting 
said control signal Gver said one talking con 
ductor to Said irepeater in extending a connection 
to Said 'epeate from a calling line of said other 
type. 

2. In a telephone system, sinplex lines and 
loop lines, a repeater including control equip 
ment normally arranged to be controlled over 
Cne 3f Said loop lines and means responsive to 
a control signal transmitted to said repaater for 
arranging Said controllectuipment to be controlled 
OVer One of said Simplex lines, and a selector 
SWitch operative to extend connections from call 
ing ones of Said lines to said repeater and in 
cluding means Operative to transmit said control 
Signal to Said repeater during operation of said 
SWitch to extend a connection to said repeater 
from a Calling one of said simplex lines. 

3. In a telephone System, ground return lines 
and loop lines, a repeater including control equip 
ment noi'naily arranged to be controlled over 
One of Said loop lines and means responsive to a 
Control Signal transmitted to said repeater for 
arranging Said control equipment to be con 
trolled Over One of said giound return lines, and 
a Selector SWitch operative to extend connec 
tions from calling ones of said lines to said re 
peater and including means operative to trans 
init said control signal to said repeater during 
Operation of Said Switch to extend a connection 
to said repeater from a calling one of said ground 
return lines. 

4. In a telephone system, a plurality of trunks 
Certain of which are restricted, a plurality of 
lines certain of which are arranged for restricted 
Service, a link including a finder switch having 
access to Said lines and a selector switch having 
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access to said trunks, and means jointly con 
trolled over the outlet contacts of both of said 
Switches for preventing a connection from being 
established through said link between a calling 
line arranged for restricted service and a called 
restricted trunk. 

5. In a telephone system, a plurality of trunks 
certain of which are restricted, a plurality of 
lines certain of which are arranged for restricted 
Service, a link including a finder switch having 
access to said lines, and a selector switch having 
access to said trunks, first marking paths indi 
vidual to the lines arranged for restricted service 
and extending to the outlet contacts of said 
finder Switch, second marking paths individual 
to the restricted trunks and extending to the out 
let Contacts of said selector switch, and means 
controlled over the first marking path individual 
to a calling line and the second marking path 
individual to a called trunk for preventing a con 
nection from being established through said link 
between the calling line and the called trunk. 

6. In a telephone system, a restricted trunk, a 
repeater terminating said trunk, automatic 
SWitching apparatus including trunk hunting se 
lector SWitches having access to said repeater 
Over a link line comprising a pair of control con 
ductors, a marking path extending to one of said 
Conductors and Over Which the restricted charac 
ter of said trunk is indicated to said automatic 
switching apparatus, and means operative in re 
Sponse to seizure of said repeater by one of said 
Switches for interrupting said marking path and 
for connecting said control conductors together 
to control the trunk hunting operation of an 
other of Said SWitches. 

7. In a telephone system, a restricted trunk, a 
trunk circuit terminating said trunk, automatic 
SWitching apparatus including trunk selecting 
Switches having access to said trunk, and means 
comprising a narking path extending from said 
trunk circuit to the outlet contacts of said 
switches for indicating to said automatic switch 
ing apparatus that said trunk is restricted. 

8. In a telephone system, a trunk of prede 
termined character, a repeater terminating said 
trunk, automatic SWitching apparatus including 
automatic trunk selecting switches having access 
to Said trunk over a link line comprising a pair 
of control conductors, a marking path extending ; 
to one of said conductors and over which the par 
ticular character of said trunk is indicated to said 
automatic SWitching apparatus, and means op 
erative in response to seizure of said repeater by 
one of said switches for interrupting said mark. ; 
ing path and for connecting said control con 
ductors together for the purpose of controlling 
the trunk selecting operation of another of said 
SWitches. 

9. In a telephone system, a line, an automatic 
SWitch having access to said line, a marking path 
individual to said line and extending to one of 
the outlet contacts of said Switch, means normal. 
ly impressing a predetermined control potential 
upon said marking path, and means for intermit 
tently transmitting control pulses over said mark 
ing path. 

10. In a telephone system, a line, an automatic 
switch having access to said line, a marking path. 
individual to said line and extending to one of 
the outlet contacts of Said Switch, means normal 
ly impressing a predetermined control potential 
upon said marking path, and neans controlled 
over said marking path following operation of 
said switch to seize said line for intermittently 
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transmitting control pulses over said marking 
path. 

11. In a telephone system, a line, an automatic 
switch having access to said line, a marking path 
individual to said line and extending to one of 
the outlet contacts of said switch, a relay having 
a Winding included in said path, a source of cur 
rent having one terminal normally connected 
over said path to said outlet contact, and means 
controlled by said relay for intermittently con 
necting the other terminal of said source to said 
Outlet contact. 

12. In a telephone system, a line, a link includ 
ing an automatic switch having access to said 
line, a marking path individual to said line and 
extending to one of the outlet contacts of said 
switch, means for intermittently transmitting 
control pulses over said marking path, means 
controlled by the pulses transmitted over said 
path and operative to impose a restriction on the 
service rendered by said line, and means con 
trolled over Saidpath independently of said pulses 
and operative to impose a second restriction on 
the service rendered by said line. 

13. In a telephone system, a plurality of lines, 
certain of said lines having two types of restric 
tion imposed upon the service rendered thereby 
and others of said lines having only one of said 
two types of restriction imposed upon the service 
rendered thereby, a link including an automatic 
Switch having access to said lines, marking paths 
individual to the restricted lines and extending to 
the outlet contacts of said switch, means nor 
mally impressing a predetermined potential on 
said paths, means for intermittently transmitting 
control pulses over the marking path correspond 
ing to one of said other lines seized by said switch, 
means included in said link and controlled by 
the predetermined potential impressed on said 
last-named marking path for imposing said one 
service restriction on the seized line, and means 
controlled by the control pulses transmitted over 
Said last-named marking path for preventing the 
other of said service restrictions from being im 
posed upon the seized line. - 

14. In a telephone system, a restricted line, a 
plurality of trunks, means including a link for 
Setting up a connection between the lines of the 
System and Said trunks, said link including an 
automatic Switch having access to said restricted 
line, timing means operative to cause the release 
of a connection routed to said link, a marking 
path individual to said restricted line and extend 
ing to one of the outlet contacts of said switch, 
means for intermittently transmitting control 
pulses over Said path, means included in said link 
and controlled Over a circuit including said mark 
ing path for preventing said restricted line from 
cobtaining access to said trunks through said link, 
and means controlled by the pulses transmitted 
Over Said marking path for rendering said timing 
means ineffective to release a connection routed 
from Said restricted line to said link. 

15. In a telephone system, a line, a plurality of 
trunks, means including a link for Setting up 
connections between the lines of the system and 
Said trunks, said link including an automatic 
SWitch having access to said first-named line, a 
timer Operative to cause the release of said link 
When held over a line having a sustained Calling 
condition thereon, a conversation timer also Oper 
ative to cause the release of said link, a marking 
path individual to said first-named line and ex 
tending to one of the outlet contacts of Said 
SWitch, means for intermittently transmitting 
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control pulses over said path, means included in 
said link and controlled over a circuit including 
said marking path for preventing said first 
named line from obtaining access to said trunks 
through said link, and means controlled by the 
pulses transmitted over said path for preventing 
either of said timers from releasing said link. 

16. In a telephone System, a pair of lines, 
means including a link for Setting up a connec 
tion between said lines, said link including an 
automatic switch having access to one of said 
lines, a timer operative to cause the release of 
said link when held over a line having a sus 
tained calling condition thereon, a conversation 
timer also operative to cause the release of Said 
link, a marking path individual to said line and 
extending to one of the Outlet contacts of said 
switch, means for intermittently transmitting 
control pulses over said marking path, and means 
controlled by said pulses for preventing either of 
said timers from releasing said link. 

17. In a telephone system, lines of different 
types arranged for two different forms of direc 
tive control of succeeding automatic switches, a 
trunk circuit including switch directing equip- '. 
ment having one setting wherein it is arranged 
to respond to directive control of one of said two 
forms and a different Setting wherein it is ar 
ranged to respond to directive control of the 
other of said two forms, means for extending a 
connection from a calling one of Said lines to 
said trunk circuit, and means controlled over a 
talking conductor of said connection in accord 
ance With the type of Said calling line for deter 
mining the setting of said SWitch directing equip 
ment. 

18. In a telephone system, lines of different 
types arranged for two different forms of direc 
tive control of succeeding automatic switches, a 
trunk circuit including switch directing equip 
ment having one setting wherein it is arranged 
to respond to directive control of One of said 
two forms and a different setting wherein it is 
arranged to respond to directive control of the 
other of said two forms, means including a se 
lector for extending a connection from a calling 
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one of said lines to said trunk circuit, said se 
lector including means operative to transmit a 
signal to said trunk circuit over one of the talk 
ing conductors of said connection which is indic 
ative of the type of said calling line, and means 
controlled by said signal for determining the set 
ting of said switch directing equipment. 

19. In a switch directing trunk circuit having 
a point of access which includes a pair of talk 
ing conductors, switch directing equipment hav 
ing one setting wherein it is arranged to respond 
to directive control of One form and a different 
Setting wherein it is arranged to respond to di 
rective control of a different form, and means 
controllable over one of said talking conductors 
for determining the setting of said switch direct 
ing equipment. 

20. In a Switch directing trunk circuit having 
a point of access which includes a pair of talking 
conductors, switch directing equipment having 
one setting wherein it is arranged to respond to 
directive control exercised over said conductors 
in Series and another setting wherein it is ar 
ranged to respond to directive control exercised 
over said conductors in parallel, and means con 
trollable over one of Said talking conductors for 
determining the setting of said switch directing 
equipment. 

21. In a telephone system, a line, a link acces 
Sible to said line, a marking path individual to 
Said line, means for transmitting control pulses 
Over said path, and means controlled by at least 
one of the control pulses transmitted over said 
path for imposing a restriction on the service 
rendered by said line. 

22. In a telephone System, a line, a link includ 
ing an automatic switch having access to said 
line, a marking path individual to said line and 
extending to One of the outlet contacts of said 
Switch, means for transmitting control pulses 
over Said path, and means controlled by at least 
one of the pulses transmitted over said path for 
imposing a restriction on the service rendered 
said line. 
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