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UNITED STATES PATENT OFFICE 
2,686,223 

COMBINED TOLL AND LOCAL CONNECTOR 
Winfred T. Powell, Rochester, N. Y., assignor to 
Stromberg-Carlson Company, a corporation of 
New York 

Original application February 12, 1947, Serial No. 
28,004. Divided and this application Decem 
ber 30, 1949, Serial No. 135,919 

(CI. 179-18) 8 Clains. 

This invention relates to multi-office tele 
phone systems in general, but is more concerned 
with such systems including both automatic and 
manual exchanges and employing composite 
(CX) trunks between exchanges. 
The present application is a division of my 

copending application Serial No. 728,004, filed 
February 12, 1947, and since issued as Pat. No. 
2,516,645, 
The invention has for its broad object the 

provision of new and improved circuits for ef 
fecting the toll offering and delayed toll ring 
in either of two automatic exchanges connected 
in tandern to a manual eXchange. 
A feature of the invention lies in the novel 

toll offering arrangement, which includes a new 
and improved means for controlling the toll of 
fering operation of the connector, by way of 
the same above mentioned fourth dial leg, When 
the connector is operated from the distant 
manual office, with the toll offering feature be 
ing rendered ineffective on local calls. 
Another feature of the invention resides in 

the novel circuit arrangement for providing de 
layed toll ring, whereby the toll operator may 
dial the line number, seize the line, hold it and 
then dial the last or Station digit When she is 
ready to complete the call. 
The above and other features of the inven 

tion will be inore clearly understood from a 
perusal of the following specification when read 
ill CCInection with the accompanying drawings, 
cornprising Figs. 1 to 7, inclusive which show 
by Eneans of the usual Schematic diagrams Suf 
ficient portions of a multi-office telephone sys 
ten to enable the present invention to be under 
Stood. 

Figs. 1A and 1B show a trunking layout of 
the telephone System, including a faanual ex 
ch:22nge and two automatic exchanges A and B, 
The jilanual exchange is indicated at the left 
of tha diaWing and comprises an operator's cord 
circuit, a trunk circuit and a CX repeater cir 
cuit is. It Will be understood that the trunk 
circuit, and the CX repeater circuit, finay be com- . 
bille; ii) to One unit. Repeater is forms the 
lilanual end of a two-way trunk extending to 
the first automatic exchange A, there being a 
plurality of Such trunks. Automatic exchanges 
A 8. Rd 3 are four-digit exchanges, preferably 
of the all relay type and include line finders, 
Slicii. 3.S 5 a.ind Connectors, such as 6. The 
iWO-Way trunkS froin the manual exchange ter 
iiiilate at exchange A in CX repeaters, such as 
i and line circuits terminating in line finders, 
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such as 4, as indicated. These trunks are ac 
cessible to connectors, such as 6, from the 0 
level. Automatic exchanges A and B are inter 
connected by two-way trunks terminating at eX 
change A in CX repeaters, such as 2 and ter 
minating in line circuits selected by line finders, 
Such as 4, as indicated. The two-way trunk re 
peaters, such as 2, are selected for calls from 
exchange A to exchange B from the 8 level. 
These two-way trunks terminate at eXchange 
B in CX repeaters, such as 3 and they ter 
minate in line circuits accessible to line finderS, 
such as 5, as indicated. These two-way trunks 
are selected in exchange B from the 1 level of 
the connectors, such as . Repeaters , 2 
and 3 are identical, but repeater is Of the 
type which functions when selected by the Op 
erator in the manual exchange instead of be 
ing selectable from a connector in an automatic 
eXchange. 

Figs. 2A and 2B disclose the circuit arrange 
ment of the fourth dial legs between the offices, 
whereby the toll offering, delayed ring and alar) 
control functions are provided. The circuit of 
Figs. 2A and 2B tie in with the other circuits 
as indicated by the wires leading off the bot 
tom and connecting to correspondingly identi 
fied wires at the top of Figs. 3 and 4. 

Fig. 3 discloses the CX trunk or repeater cir 
cuit, such as f2 in exchange A. 

Fig. 4 discloses the CX trunk or repeater cir 
cuit, such as 3 in exchange B. lt will be ob 
Served that the circuits of FigS. 3 and 4 are ideil 
tical, but are shown in reverse order to facilitate 
in the description. 

Figs. 5, 6 and 7 disclose a connector circuit, 
Such as 6 and g, and a line circuit, such as the 
ine circuit which terminates the trunk aSSO 
ciated with repeater 3. 

Referring to the trunk layout shown in FigS. 
1A and 1B, a brief general description will first 
be given of the manner in which the Various 
connections are established in the multi-office 
System. Assuming first that the operator at the 
ilaihual exchange has received a request for a 
connection with a subscriber in automatic ex 
change A. The operator inserts the calling end 
of the cord circuit into the jack associated with 
the trunk circuit extending to exchange A. 
When the plug of the cord is inserted in the 
jack, the CX repeater Operates to close a 
circuit, Over the #1 dial leg (for example) of the 
composite set for operating repeater in auto 
natic exchange A. This operation of repeater 

operates the associated incoming line circuit 
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for causing a line finder, such as 4, to connect 
to repeater . , thus extending the connection 
fron the operator's cord circuit to connector 6. 
The operator now proceeds to dial either the 

telephone number of a local substation in ex 
change A. Ol' to dial i8 for extending the connec 
tion to exchange B. Assuming first that a local 
station in exchange A is desired, the operation 
of the dial at the manual position causes re 
peater 8 to transmit impulses to the connector 
for selecting the local line. In case the called 
line is idle the connector f G rings automatically 
and When the called Subscriber answers the con 
nector reverses the battery back to repeater . 
Responsive to this reversal of current, repeater 

conditions the il dial leg extending back 
to repeater for giving answering supervision. 
The trunk circuit in the manual office is op 
erated to extinguish the Supervisory lamp at the 
Operator's position to inform the operator that 
the called party has answered. 
At the end of the conversation, when the 

called subscriber hangs up the receiver, the bat 
tery connection at connector 6 is restored to 
normal. This causes repeater to condition the 
iF1 dial leg extending back to repeater for 
Operating the trunk circuit to again light the 
Supervisory lamp to show that the called sub 
Scriber has disconnected. When the operator re 
moves the plug from the jack the trunk circuit, 
including repeater 0, conditions the it 1 dial 
leg extending to repeater and brings about 
the release of the connector 6 and the finder 
4 from the line circuit associated with repeater 
, thus restoring the circuits to normal. 
ASSume now that a subscriber in automatic 

exchange A desires to talk With a subscriber who 
can be reached only through the manual ex 
change. When the subscriber at the Substation 
in exchange. A lifts the receiver a line finder, 
Such as line finder 4, is operated to extend the 
calling line to a connector such as connector 6. 
The calling party now dials the digits 110, where 
upon connector 6 is operated twice to the first 
level, being dropped back to normal after each 
digit 1 is dialed. Now when digit 0 is dialed, 
the tenth ieve is selected and an idle trunk ex 
tending to the manual exchange, such as the 
trunk associated with repeater , is connected 
with the calling line. When repeater is seized, 
it transmits a, calling signal by Way of the F1 
dial leg which is received by repeater and 
causes the lighting of the calling lamp associ 
ated with this trunk circuit at the operator's 
position. Noting the lighted condition of the 
trunk lamp, the operator inserts the answering 
plug of a cord circuit into the associated jack 
thereby causing the trunk circuit to condition 
the F1 dial leg for Operating a relay in repeater 

which reverses the battery to the calling line 
to perform a metering function in case metered 
Service is provided. The operator then con 
petes the desired connection over the other end 
of the cord Circuit. At the end of the conver 
sation, when the calling party releases, repeater 

conditions the F1 dial leg for causing repeat 
er 0 to light the Supervisory lamp at the op 
erator's position. When the operator removes 
the plug from the trunk jack, the circuits in 
the manual exchange are restored to normal. 
In the event of the manual operator receiving 

a call for a subscriber in automatic exchange 
B, she inserts the plug of a cord circuit into the 
jack associated with the trunk circuit and re 
peater 0, thereby causing the trunk circuit to 
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4 
condition the #1 dial leg, which in turn causes 
repeater to mark this trunk circuit and to 
cause a line finder, Such as line finder 4, to 
connect, with the marked trunk circuit, thereby 
extending the connection to a connector, Such 
as connector 5. To call a Subscriber in ex 
change B, the manual operator dials digit 8 for 
Selecting a trunk to exchange B, after which 
the number of the station in exchange B is 
dialed. Responsive to the operation of the dial 
in accordance with digit 8, the #1 dial leg of 
the trunk circuit extending between the manual 
exchange and exchange A is impulsed for step 
ping connector 6 to the eighth level. The con 
nector automatically hunts in this level for an 
idle trunk extending to automatic exchange B 
by way of a repeater, such as 2. When re 
peater 2 is seized, it conditions the F1 dial leg 
(for example) of the two-Way trunk extending 
between exchange A and exchange B for causing 
repeater 3 to mark this trunk in the line finder 
bank and for causing a line finder, such as line 
finder 5, to connect to repeater 3, thus ex 
tending the connection to connector 7. Respon 
sive to the dialing of the remaining digits, re 
peater C transmitS Corresponding impulses 
over the F1 dial leg extending to exchange A, 
which are received by repeater and retrans 
mitted to repeater 2, whereby repeater 2 re 
transmits these impulses to repeater 3 in ex 
change B for operating connector 7 to extend 
the connection to the Wanted Station. The 
wanted station in exchange B is signalled auto 
matically and when the subscriber answers, the 
reversal of battery in connector causes re 
peater 3 to condition the F1 dial leg extending 
to repeater 2 for reversing the battery to re 
peater . This reverse battely is received by 
repeater which in turn conditions the F1 dial 
leg for causing repeater 3 to transmit an an 
swering supervisory signal to the manual ex 
change cord circuit to inform the Operator that 
the called party has answered. 
At the end of the conversation, when the Sub 

scriber at the substation in exchange it hangS 
up the receiver, the battery connections from 
connector 7 to repeater 3 are restored to nor 
mal and repeater 3 transmits a disconnect Sig 
nal over the #1 dial leg to repeatar 2 in ex 
change A. Repeater i2 responds to this signal 
and restores the battery connections to repeater 
f to normal. Repeater responds to the bat 
tery connections being restored to normal and 
transmits a disconnect signal over the F1 dial 
leg which is received by repeater and results 
in the lighting of the supervisory lamp to indi 
cate to the operator that the called party has 
hung up the receiver. When the operator pulis 
out the plug a release signal is transmitted over 
the #1 dial leg to repeater in exchange A. 
Responsive to this impulse, repeater f opens the 
loop extending through finder 4 and connector 
6 to repeater i2, causing this latter repeater to 
transmit a signal over the F1 dial leg to ex 
change B. Repeater 3 responds to this signal 
to open the loop extending to the link compris 
ing line finder 5 and connector f7 and thereby 
releases the link and restores repeater 3 in 
exchange B to normal. 
A subscriber in eXchange B desiring a con 

nection. With a subscriber in exchange A prefixes 
it 1 to the number of the Wanted station. The 
first digit 1 causes connector f7, for example, to 
select repeater 3 and extend the connection by 
way of repeater 2 and line finder f4 to con 
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nector 5. The remaining digits are effective to 
Select the called station by way of connector 6. 
A Subscriber in exchange A. desiring a con 

nection with a subscriber in exchange B prefixes 
#8 to the number of the wanted station. The 
first digit 8 causes connector 6, for example, to 
Select repeater 2 and extend the coninection by 
Way of repeate; i3 and line finder 5 to con 
nector . The remaining digits are effective to 
Select the called station by Way of connector . 

it will be observed that, on a call from a sub 
Scribe in exchange F3 to the manual office, a 
COinnector, Such aS consector 6 is sed, thus re 
moving such connector fron use by local iines 
in exchange A, and thereby reducing the trunk 
ing facilities for local calls in exchange A. st 
is possible to overcome this condition by making 
repeater 2 a selector repeater, with the arroit 
portion of this repeater pointing to the left going 
thirough a selector for selecting the repeaters, such 
as repeater connected to the manual exchange, 
instead of laying this arrow connection going 
to the line fii) der terriniinals as show. in this 
case, a connector in office A is not tied up on 
a call for office to the anal office. Slither 
more, in this case, level 0 (instead of 110) would 
be used for calling the manual office from either 
office A or office B. 

Referring to Figs. 2A and 28 the fourth dial 
leg of the composite set between the manual ex 
change ad exch:3nge A is tied in With the fourth 
dial leg of the coziposite set, betweein exchange A. 
and exchange 23, this tie-in bailing by Way of relays 
a.i.d. 23 ot, thicigh any finder or consector link. As 
Will be brought Out, in the detailad description, ary 
repeater in exchange A and any connector in ex 
change B can cause the connihon circuit of Figs. 
2A and 23 to operate to provide the to offering, 
delayed toll ring and alarm control functions. 

saving described the trunking layout of the 
eXchanges in general and having described gener 
aily the Warious connectics which can be estalo 
lished within the System, the operation of the 
circuits will now be explained in detail. With refer 
ence to Figs. 2 to 7, inclusive. These figures should 
be iaid out with Fig. 3 below Fig. 2A, with Fig. 4 
below Fig. 23 and With Figs. 4, 5, 6 and 7 air 
ranged in order to the right of Fig. 3. Since man 
lal Cord circuits, trunk circuits and repeater cir 
CilitS (Sich as repeates E) are well known and 
Since no particular type of these circuits is re. 
quired, they will not be shown or described, since 
they operate in any we known naniher to cause 
repeater (not shown) and line finder 4 (not 
Shown) to repeat loop impuises to connector 3 
for Selecting repeater 3 or local lines in exchange 

. Repeaters on both ends of a trunk circuit, ex 
tending between exchange A and exchange S. are 
shown, Such as repeates E2 and 3. A detailed 
description of the operation of these repeaters on 
a call from the operatoi in the manual ex 
change y Way of connector 6 will be described, 
it eing assumed that repeater operates on a 
loop basis for extending the connection by way 
of line finder 3 to connector , after Which con 
nector 3 operates on a switch through hesis 
When a trunk level is dialed. 

For the purpose of Sinplifying the drawings and 
facilitating the explanation, various parts and 
circuits have been diagrammatically shown and 
certain conventional illustrations have been en 
ployed. The drawings have been made more with 
the purpose of making it easy to understand the 
principles and mode of operation, than with the 
idea of illustrating the Specific construction and 
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6 
arrangement of parts and circuits that Would be 
employed in practice. Thus, the various relays 
and their contacts are illustrated in a conven 
tional manner, the use of symbols being employed 
to indicate the connections to the terminals of 
the batteries, or other sources of current, instead 
of showing all of the wire connections to these 
terminals. Relays shown with a lower cross hatch 
portion are slow release, while those with an 
tipper heavy line portion are slow operate relays. 
The Symbols (--) and (-) indicate the positive 
and negative terminals respectively of suitable 
batteries or other sources of direct current and 
the circuits with which these symbols are used 
always have current flowing in the same direc 
tion, that is, fron (--) to (-). The relay con 
tacts have been widely separated from the relay 
Coils, with dashed lines extending between the 
CGis and their associatid contacts, in order to 
sinplify the drawings. 

Since the present invention is more particularly 
concerned with busy verification, delayed toll 
ringing and alariin control features in a tandem 
InetWork, certain circuits will be a:mitted from 
the present disclosure, with the explanation being 
moire particularly directed to the operation from 
a manual exchange in connection with two auto 
natic exchanges, connected as illustrated in 
Fig. . 
ASSuining that the nanual operator plugs into 

a jack associated with the trunk circuit and C: 
repeater 9 in the manual exchange, the circuits 
are controlled in any well known manner for 
Conditioning CX repeater in automatic ex 
change A to cause line finder 4 to find the line 
circuit associated with repeater for extending 
the CGI nection to connector S. Connector S, 
Which inlay be the same as the connector ilius 
trated in Figs. 5, 6 and 7 may then he operated 
to its eighth level for selecting CX repeater 2. 
From the description which follows, the operation 
of the relay type connector will be understood, 
Sir Ce this connector operates in exactly the same 
manner as connector 7, illustrated in Figs. 5, 6 
and 7. 
When connector 6 selects and switches through 

to repeater 2, the closed circuit agross the tip 
and ring conductors T and R, of 3ig. 3 operate 
Calling bridge relay CB of repeater 32 over a 
circuit extending fron (--), upper winding of re. 
lay CB, back contact of answering bridge relay 
AB, back contact of relay 2SAP, upper winding 
of the left-hand portion of the repeating coil, con. 
ductor T and thence through the connector and 
line finder circuits ( 8 and gi), through the 
closed circuit in repeater (not shown), back 
through the line finder and conrestor circuits 
(i 4 and 6), conductor R, lower winding of the 
left-hand portion of the repeating coil, back con 
tacts of relays 2SAP and AS and lower winding 
of relay CB to (-). elay CS operates and 
closes a circuit for operating relay S.A. which 
extends from (--), back contact of pulse relay 
PT, nake contact of relay CE and winding of 
SiOW-acting relay iSA to (-). The operation of 
relay SA Opens up the northaily energized circuit 
of relay SAP, allowing this relay to release after 
a. Short time interval. Relays CB and gSA close 
a circuit for energizing dial legiti extending from 
automatic exchange A to automatic exchange B, 
which circuit extends from (-), resistance, wind 
ing of relay AB, make contact of relay CB, nake 
contact of relay SA, dial leg #1, conductor 89 
extending to exchange B, dial leg il, break con 
tact of relay SA of CX repeater 3, resistor and 
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winding of relay PL to (--). This operates relay 
PL, which in turn closes an obvious circuit for 
operating relay 2SA and this relay in turn closes 
an obvious circuit for operating relay 2SAP. The 
resistor in Series with the Winding of relay AB 
of repeater 2 is of such a value that relay AB 
does not operate over this circuit. 
While relay SA of repeater 2 is operated 

and before relay SAP is released, a circuit is 
closed for operating busy verification relay 2BW 
of Fig. 2A, which circuit extends fron (--), 
lower winding of relay 2BW, conductor 2 ?, make 
contact of relay SA, make contact of relay 
SAP, conductor TL, through connector 6 and 
line finder 4 to (-) by Way of the resistor asso 
ciated with repeater f. The operation of re 
lay 2BW switches dial leg #4 from (--) through 
the high resistance Winding of alarm elay 2AM 
to direct (--) through a normally closed make 
contact of relay 2AMP. This circuit is opened 
when relay 2BW is released by the release of re 
lay SAP for again energizing dial leg if 4 through 
high resistance relay 2AM. The purpose of this 
pulse applied to dial leg #4 will be explained 
later. 
Returning now to the energization of relay 

2SAP of repeater 3, the line circuit relay LR 
of the incoming line circuit in exchange B is 
operated over a circuit extending from (--), 
break contact of cut-off relay CO of this line 
circuit, make contact of relay 2SA, upper Wind 
ing of the right-hand portion of the repeat coil, 
make contact of relay 2SAP, make contact of 
relay PL, upper winding of polar relay PO, make 
contact of relay 2SAP, lower winding of the 
right-hand portion of the repeat coil, make coin 
tact of relay 2SA, break contact of relay CO, and 
winding of relay LR to (-). Relay LR closes 
its contact 29 for marking this line circuit to 
be found by line finder 5 (not shown), as well 
as closing a circuit for operating toll line relay 
TL which extends from (--), make contact of 
relay LR, lower winding of relay TL, conductor 
24, make contact of relay 3BV and resistor to 
(-). Relay TL closes a locking circuit for it 
self by way of its upper winding which main 
tains this relay in its operated position until 
the release of the connection, this locking cir 
cuit being completed through make contacts of 
relays LR, and CO. The circuit from (-) to 
conductor 24, closed by relay 3BV, is rendered 
effective by the operation of relay 3BV in re 
sponse to the above described pulse applied to 
dial leg i?, this pulse extending over conductor 
30 of the #2 physical circuit, break contacts 
of alarm relays A and 2A and upper winding 
of relay 3BW to (-). When this pulse is termi 
nated, relay 3BV is released, thus operating re 
lays 3BV and TT, of the line circuit On a toll 
call for a purpose later to be explained. When 
the line finder 5 connects to the calling re 
peater 3, as above described, relay CO is op 
erated over a circuit extending from (--), make 
contact of relay SA of connector (this relay 
being operated as will be later described), sleeve 
conductor 3S, through the line finder and wind 
ing of relay CO to (-). 

Since this energization of relay PL of re 
peater f3 is at a compartively low value, because 
of the resistance in series with the relay PL, the 
dial leg it is energized at a comparatively low 
value for "on hook' supervision, this because re 
lay AB of repeater 2 does not operate to reverse 
the battery back to repeater for repeating this 
Supervision to the manual office. 
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8 
It will now be assumed that the operator dials 

iF211. When connector is extended to re 
peater 3, relay CB of the connector operates 
over a circuit extending fron (--), upper wind 
ing of Irelay CB, break contact of answering 
bridge relay AB, break contact of link cut-off 
relay LCO, tip conductor 3T, through the line 
finder S to the incoming line circuit, Inake Con 
tact of relay 2SA, upper winding of the right 
hand portion of the repeat coil, make contact of 
relay 2SAP, make contact of relay PL, upper 
winding of relay POL, make contact of relay 
2SAP, lower winding of the right-hand portion 
of the repeat coil, make contact of relay 2SA, 
line finder 5, conductor 3R, break contacts of 
relays LCO and AB in Series and lower wind 
ing of relay CB to (-). Relay CB closes a cir 
cuit for operating relay SA which extends from 
(--), break contact of relay LCO, make contact 
of relay CB and Winding of relay SA to (-). 
Relay SA closes a circuit for operating relay CX 
of the counting relay group extending from (--), 
lower inner nake contact of relay SA, break con 
tact of counting release relay CRT, the stick 
conductor 22, break contacts in Series of count 
ing relays C3, C2, C and winding of relay CX 
to (-). 
The operator (or calling party) now receives 

dial tone Over a circuit extending from the con 
mon dial tone conductor, make contact of re 
lay CX, conductor DT, break contact of relay 
TE, condenser 36, break contacts in series of 
relays AB and LCO, conductor 3T and thence 
over the line circuit extending to the calling 
station, as above described. 
These counting relays operate to record the 

impulses of the digits dialed into the connector, 
but Since it is not believed necessary to show all 
ten counting relays, in addition to the Count 
ing relay primer CX, only three of these count 
ing relays are illustrated in Fig. 6. The operation 
of a complete bank of counting relays may be 
understood by reference to Powell Patent 
iF2,241,156 where the stick , stick 2 and pick 
up conductors 22, 27 and 28 correspond to simi 
larly identified conductors in the present dis 
closure. 
When the first digit (#2) is transmitted, the 

impulses from the manual office operate through 
repeater , line finder 4 and connector S for 
intermittently opening and closing conductors 
I and R, leading to repeater 32. This results in 
relay CB of repeater 2 being released twice after 
Which it remains energized. The first release of 
this CB relay opens up the above described if 
dial leg circuit, with relay SA remaining en 
ergized during impulsing. The first release of 
relay CB also closes a circuit for operating 
change-over relay CHO extending from (--), 
break contact of relay PL, break contact of re 
lay CB, make contact of relay SA and winding 
of relay CHO to (-). Relay CHO short-cir 
cuits the Winding of relay AB of repeater 2 
to remove the inpedance of this Winding from 
the dial leg circuit so that the next energiza 
tion of relay CB energizes the dial leg at a com 
paratively high current value. The second in 
pulse (relay CB released) again opens up the dial 
leg and at the end of this impulse (relay CB op 
erated) the if i dial leg is again energized at a 
comparatively high current value until relay 
CHO is released, which occurs shortly after the 
end of the series of impulses, at which time re 
lay AB is again inserted into the it dial leg. 
The pulsing of the F1 dial leg effects the puls 
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ing of relay PL of repeater 3. Each release op 
eration of relay PJ, opens up the above described 
incoming line circait (to which connector it is 
connected) for inpulsing relay C3 of the con 
nector. The first release of relay PT closes a 
circuit for operating relay 20HO which extends 
from (--), break contact of relay Pi, break con 
tact of relay C3, 3i'aak coia'tact of reiay S.A., nake 
contact of relay 3SAP and winding of relay 20HO 
to (-). Relay 2CHC Short-circuits the upper 
Wilding 38 relay FOL aid the right-hand repeat, 
coil windings, so that relay PL can pulse con 
lector - over a circuit having ino inlpedance 
Connected therein. 
When relay FL of repeater 3 renains ener 

gized, after the series of impulses have been 
transmitted, relay 2CHO is released for inserting 
the upper winding of relay PO, and the repeat 
coil windings in the line circuit leading to th& 
connector. 

Referriag to connector if, the release of relay 
CB at the beginning of the first inapulse closes a 
circuit for operating counting relay C extending 
from (--), break contact of relay LCC, break con 
tact of relay CB, make contact of relay SA, break 
contact of relay SY, conductor 39, break contact 
of test relay iT, break contact of ringing relay 
RI, pick-up conductor S, make contact of relay 
CX and winding of relay CE to (-). Relay CX 
is locked operated during this pulse transmission 
by way of the stick 2 conductor 22 to (--) by 
way of the other break contact of relay C3 and 
the lower inner nake contact of relay SA. At 
the end of the first inguise (relay C3 energized) 
Stick 3 COinductor 2 is opened for releasing relay 

This opens up the dial tone circuit. When 
econd inpulse is transmitted, the release of 
38 again applies (--) to pick-up conductor 

25 for operating counting relay C3 by Way of a 
break contact of relay CX and a make Contact of 
relay C. Relay C is raintained energiged dur 
ing this pulse transmission by means of the above 
described circuit to the stick 2 conductor 2, now 
extending through a break contact of relay CX 
and a make contact of relay C to the Winding 
of relay C. At the end of this pulse tian Snais 
Sio, i.elay CS operates and remains operated until 
the next digit for effecting the release of relay 
C2, with relay C2 being maintained in its ener 
gized position by means of (--) on the stick 
conductor 22, by way of break contact of relay 
Cir., and the inner owyer nake contact of re 
lay S.A. 
At the beginning of the first impulse, relay CHO 

of the connector is operated, since this relay is 
connected to pick-up conductor 28 and at the 
end of the Series of impulses, relay CHO is re 
Jeased, it being maintained operated during the 
transmission of impulses over the above described 
:ircuit, including the break contact of relay RI, 
as well as by means of a locking circuit for relay 
CHO, this latter circuit being provided to rhain 
tain relay CHO operated when relay RI is oper 
ated during pulsing, as will be later described. 
Wien relay CHC releases at the end of the 

hirdreds digit, transmission, the hundreds selec 
tion is exefuted by neas of a circuit which is 
eff e to operate the selected EC relay. In the 
present, example, relay HC2 (Fig. 7) will be oper 
ated because it, was 2.SStined that, if 2 was dialed 
for the hundreds digit. The circuit for operating 
1'say £2 exte;2ds fron (--), inake contact of 
relay SA, break contact of relay CHO, executing 
conductor EX, break contact of transfer relay 
TF, conductor XEH, make contact of counting 
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10 
relay C2, conductor HC2, and winding of relay 
HC3 to (-). Relay HC2 closes a locking circuit 
for itself extending from (--), make contact of 
relay SA, stick conductor STK, aake contact and 
winding of relay HC2 to (-). A circuit is now 
closed for operating relay CRY, which extends 
fron (--) on stick conductor STE, nake contact 
of relay HC2, conductor HCSTK, bleak contact 
of relay Ti and upper winding of relay CRL to 
(-). The operation of relay CRi, closes a circuit 
for operating relay TF which inay be traced 
fron (--) on conductor HCSTK, nake contact of 
relay CRE, 32nd Winding of relay TF to (-). 
Relay TF completes a locking circuit for itself 
Which is independent of the make contagt on 
relay CRT, so that relay TF will reinain in its 
opeiated position after relay CR is released, the 
release of relay CRI, being effected when relay 
iTF epeiates and opens the break contact of the 
irrake before break combination. 

the operation of relay CRI, opens up the Stick 
S conductor 22 for effecting the release of the 
couniing relay left operated, in this example 
relay C2, and when relay CRT, is released, con 
ductor stick is again connected to (--) for op 
erating relay CX for preparing the counting relay 
circuits for the next digit. Transfer rejay TF 
as well as transfer relays 2TF and 3TF, are slow 
to operate, as indicated by the heavy line Section 
at the top of the relay coil. This is for the pur 
pose of introducing sufficient time to release out 
the counting relay left operated at the éind Of the 
digit and then to operate relay CX in preparation 
foil the 28xt digit. 
Whah the next (tens) digit is dialed, relay C3 

releases for again operating counting relay C: 
and change-over relay CHO, over the previously 
described circuit. At the end of this in pulse, 
relay CX is released, 'elay C remains operated 
and, since is is assuaned that this is the end of 
the digit, relay CHO is released for executing the 
tens digit. This executing circuit extends from 
(--) on conductor iX (as above described), make 
contact of relay TF, break contact of relay 2TF, 
conductor XOT, make contact of relay Ci, Con 
ductor iOS and winding of tens connector relay 
TC (-). Relay TCA closes a locking circuit for 
itself from (--) on conductor STEX, make contact 
and winding of relay TC to (-). The operation 
of relay TC : (or any other TC relay, not shown) 
extends conductor STK to conductor TCSTK for 
again operating reiay CRI, over a circuit includ 
ing the break contact of the make before break 
combination of relay 2TF. Relay CRI, extends 
conductor TCSK to the winding of relay 2TF 
for operating this relay, which in turn closes a 
locking circuit, for itself by way of its make before 
break contact and coinductor TCSTK. The Op 
eration of relay 2TF opens up and releases relay 
CRI. Iuring the interval while relay CRi, was 
operated, relay Ci is released. Relay C is again 
operated when relay CRT is released for preparing 
the counting relay circuits for tha in ext, digit. 
When the units digit is dialed (iii, in this 

example), relay CB is released once for operat 
ing relays C and CHO, as above described, after 
which relay CB remains operated for effecting 
the release of relays CX and CHO. The release 
of relay CHO again applies (--) to executing 
conductor EX for operating units connecting re 
lay UC: over a circuit from conductor EX, make 
contacts of relays TF and 2 TF in Series, break 
contact of relay 3TF, conductor XOU, Inake con 
tact of relay C, conductor UC and winding of re 
lay UC to (-). Relay UC closes a locking cir 
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cuit for itself from (--) on conductor STK and 
extends this STK conductor back over conductor 
UCSK, make contact of relay 2TF, break con 
tact of Irelay 3TF and upper Winding of relay 
CRL to (-) for operating this latter relay. Re 
lay CRI, extends conductor UCSTK by way of 
make contacts of relays 2TF, CRI, and 2TF to 
the Winding of relay 3TF for operating this lat 
ter relay, which relay closes a locking circuit 
for itself by way of its make before break con 
tact. 2 - 

Relay 3TF opens up and releases relay CRL 
and during the interval. When relay CRL is Op 
erated, counting relay Ci is released and When 
reiay CRL is released, relay CX is again oper 
ated to prepare the counting relay circuits for 
the station digit. 
Assuming that the called line is idle the op 

elation of relay 3TF extends the sleeve Conductor 
35 of the called line by way of make contacts in 
series of relays TCE and UC?, sleeve conductor 
iS, make contact of relay 3TF, break contacts 
in series of relays BY and ABW and make con 
tact of relay SA to (--). This circuit to (--) 
makes the called line busy and operates its cut 
off relay for removing the battery connection 
from the called line circuit. 

In the event that the called line is busy, the 
connection of sleeve conductor 35 by Way of Con 
ductor AS, break contact of relay 3TF, make Con 
tact of relay 2TF and lower winding of relay 
BY to (-) operates relay BY before slow op 
erating relay 3TF has time to Operate after re 
lay UCF connects the sleeve conductor of the 
callied line to the Winding of busy relay BY. The 
operation of relay BY closes a locking circuit 
for itself by way of its lower winding and its 
make before break contact to (--) by way of 
a break contact of relay BW and a make Con 
tact of relay SA. Relay BY opens up the Wind 
ing of relay TT to prevent the operation of this 
relay on a call to a busy line. When the Sta 
tion digit is dialed relay CB applies a momentary 
(--) impulse by way of its break contact, make 
contact of relay SA, make contact of relay BY, 
conductor 63, break contact of relay TL (a S 
suming for the present that this is a call from 
a local line and not a toll line, in which case 
relay iL will be de-energized), conductor 49, 
make contact of relay 3TF, conductor 48, wind 
ing of ringing relay RI and resistol to (-). Re 
lay Ri operates and closes a locking circuit for 
itself extending from (--) on conductor STK, 
Imake contact and winding of relay RI and re 
sistol to (-). It will be noted that relay RI is 
operated over the above described circuit at the 
beginning of the impulse transmission, but since 
the pick-up conductor 28 is open at a back con 
tact of relay Ri, relay CHO is not operated and 
none of the counting relays are operated in re 
Sponse to the station digit pulses on a call to 
a busy line from a local line. The calling party 
now receives the busy tone over a circuit ex 
tending through a break contact of relay 4BW, 
make contact of relay BY, conductor BT, make 
contact of relay RI, conductor 38 and Small tone 
Condensel 36 to the calling line. In a call to 
a busy line, Sleeve conductor 4S is maintained 
open after relay 3TF is operated, since relay 
ABW is not operated and relay BY is operated, 
this for maintaining the sleeve conductor of the 
called line clear until the calling party hangs 
up and another attempt is made to connect with 
the called line. 

Returning now to the part of the description 
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12 
where the called line was found to be idle, the 
station digit is effective to release relay CB, after 
which this relay remains operated. The release 
of relay CB closes a circuit for operating relays 
Ci and CHO by way of pick-up conductor 28, 
as previously described. At the termination of 
this inapulse, relayS CX and CHO are released, 
the latter relay closing the executing circuit from 
(--) on conductor EX, make contacts of relayS 
TF, 2TF and 3TF in series, conductor 53, make 
contact of relay RI, conductor 47, break con 
tact of relay BY, conductor A6 and winding of 
relay Ti to (-). The reason that relay RI is 
operated at this time is that its circuit is com 
pleted at the beginning of the Station digit in 
pulse transmission by Way of a make contact 
of relay CHO, make contact of relay 3TF, con 
ductor 43 and Winding of relay R.I. Relay RI 
cioses the above described locking circuit for it 
self. When relay TT is operated at the end 
of the inpulse transmission for the station digit, 
as above described, it closes a locking circuit 
for itself from (--) Oil conductor EX, make con 
tacts in series of relays TF, 21F and 3TF, con 
ductor 53, make contact of relay TT, conductor 
iši, break contact of relay BY, conductor 48 and 
Winding of Irelay TT to (-), this locking circuit 
being independent of its operating circuit through 
the make contact of relay RI for maintaining 
relay TT operated after relay RI is released, as 
Will now be described. 
With relayS RI and TT operated, pick-up con 

ductor PK is extended to the Winding of cut-in 
relay CI for Operating this relay at the beginning 
of a ringing code transmission, as is well undel'- 
Stood in the art. The operation of relay Ci 
closes a, locking circuit for itself including hold 
conductol HD for maintaining this relay oper 
ated throughout the code transmission, as is well 
understood in the art. 33-cycle ringing current 
is now applied to the called line over a circuit 
extending from the 33-cycle Source, make contact 
of relay Ci, make contact of relay CI, winding 
of trip relay TR, conductor 37, make contact of 
lelay HC2, conductor 34, make contacts in series 
of relaySRI and TT, conductor 4R, make contacts 
of relays UC? and TC, called line and instru 
ment circuits, make contacts in series of relays 
TC and UCA, conductor 4T, make contacts in 
Series of relays Ti and RI, conductor 33 and 
make contact of relay HC2 to the generator 
ground or return circuit for the Source of linging 
Current. It Will be noted that relay HC2 reverses 
the ringing circuit, including conductors 33 and 
38, extending to the called line, thus if iF3 was 
the first digit dialed, then relay HC2 would not 
be operated and the ringing current would be 
applied to the called line in reverse order from 
that above described, thus providing for divided 
ringing. 
When the called party answers, trip relay TR 

Operates for Short-circuiting and releasing relay 
RI, after which the circuit to the generator 
Source, including relay TR, is opened for releasing 
this latter relay. Relay RI, in releasing, extends 
the called line to the windings of relay AB by 
Way of conductors 5? and 52, this latter relay 
being operated to reverse the current back to 
Wards the calling station. Hold conductor HD 
is de-energized at the end of the code ringing 
cycle for releasing relay CI and the release of 
relay RI opens up the circuit to pick-up con 
ductor PK SO that relay CI remains de-energized 
throughout the remainder of the connection. 
Talking battery is fed to the called station 
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through the Windings of relay AB, to the calling 
station through the Windings of relay CB, with 
these two stations being connected for conversa 
ticia through the taking condensers and break 
contacts of relay 3BV. 
When the Called party hangs up, relay AB 

releases to Straighten out the battery connection 
foi" giving Supervision in a mannel to be later 
described. When the calling party hangs up, 
relay C3 releases for effecting the release of relay 
S.A., after which (--) is removed from the various 
conductors which maintain relays HC2, ITF, TC, 
2 F, UCA, STF, called line cut-off relay, and TT 
operated, thus effecting the release of these relays 
and restoring the circuits to normal. The re 
lease of relay SA also removes (--) from stick 
conductor Si K extending back to line finder 5 
for releasing the line finder circuit (not shown) 
in a nannel Which is Well understood in the art. 
Relay SA also removes (--) from conductor 3S 
extending back thirough the line finder for re 
leasing the cut-off relay of the line circuit and 
this relay in turn opens up and releases relay 

, thus restoring the line circuit to normal. 
it is believed that the above example explains 

how the circuits function in response to the dial 
ing of thie four digits for selectively ringing the 
allied Station and for providing the various cir 
Cii Operations usually found in local and trunk 
calis. It will now be explained how the repeaters 
in exchanges A and B function to provide super 
Vision, it alreafy having been explained how the 
in pulsing circuits of the repeater's function. It 
Will also be explained how the alarm and busy 
Verification circuits operate, keeping in mid the 
previous circuit description. 

Since, in the above explanation, it was assumed 
that the 2all came over the trunk from exchange 
A to exchange 8 and connector it was used, it 
Will be obvious that there would be no reason 
for dialing ifi for the first digit on the connector 
because this selects the level leading to trunks 
back to exchange A. However, when the call is 
initiated in exchange A and connector is used, 
this connector Will function for selecting ocal 
lines in the maininer previously described. If it. 
is the first digit on a local call, then when this 
digit is 8xecuted and (--) is applied to conductor 
XOH, the circuit is extended through a make 
COintact of Counting relay C, the dotted con 
rection, Conductor HC, leading to the Winding 
of relay HC for operating this relay. At this 
point it will be pointed out that connector 3 
in exchange A extends this first digit exeguting 
circuit by Way of pulse absorbing conductor PA. 
to the lower Winding of relay CRI, for operating 
this relay and since no HC relay is operates, 
relay TS is not operated, thus effecting the 
release of counting relay CF, after which relay 
CRL is released for again operating relay CX to 
prepare the circuits for receiving the next digit, 
in other words, when the connector operates on 
a "drop back' basis for digit #1 (which is the 
case for connector 5) the first digit #1. Will be 
Ca:Celled for a Sorbing digits 1 and 1 to allow 
the coininector to then select level 0 in response 
to dialing i3 for a call from exchange A to the 
rhanual eXchange. Since connector in ex 
change 8 holds on level 1 for the first digit and 
CQalector 3 in exchange A drops back from 
level i for the first digit, level 0 is also selected 
by CCinnactoi 3 for selecting a trunk to the 
Ilanlal 3Xchange oil a call from a local subscriber 
in exchange B. 

Referring back to the operation of relay HC, 

10 

5 

20 

25 

30 

35 

40 

5 5 

-60 

65 

70 

5 

14 
On a call from a local station in exchange B, 
this relay closes a circuit from (--), break con 
tact of relay LCO, break contact of relay RY, 
link release conductor LORL, make contact of 
relay HC, winding of marker relay I.O., break 
contact of relay LOd, break contact of common 
lock-out relay CLO and resistor to (-). The 
operation of relay LO closes a locking circuit 
for itself including the winding of relay CLO 
which is effective to operate relay CLO and dis 
connect (-) from the windings of all marker 
relays to prevent the operation of more than 
Cne of these relays in a given group at any one 
time. 

Relay LO closes a circuit for operating allot 
ter relay ALG extending from (--), make con 
tact of relay O, break contact of guard relay 
GD, break contact of allotter relay AL and wind 
ing of relay ALG to (-). The operation of 
relay AG closes an obvious circuit for operat 
ing relay GD which transfers the ALG relay 
circuit from its operating to its locking circuit 
including make contact of relay GD, break con 
taCt of relay AI, make contact and Winding of 
relay ALG to (-). 
There is a pair of allotter relays A, and ALG 

for each trunk circuit, only one of these being 
shown. Since it is assumed that trunk it is 
idle, the operation of relay ALG as a result cf 
trunk il being rharked, completes a circuit, for 
Operating unitS Connector relay UC extending 
fron (--), make contact of relay LO, nake 
contact of relay ALG and winding of relay UC 
to (-), Relay UC closes a locking circuit for 
itself extending from (--), make contact of relay 
SA, conductor STK, make contact and winding 
of relay UCi to (-). Since relay UC is oper 
ated and relay 21 F is not operated, (--) on con 
ductor STK is extended by Way of conductor 
UCSK, break contact of relay 2TF and winding 
of relay LCO to (-). Relay LCO operates and, 
at its make before break contacts extends the 
calling line by way of conductors 3T and 3R, to 
conductors 3 and R, make contacts of relay 
tJC, make contacts of relay HC, conductors ET 
and R, right-hand Windings of the repeat coil 
aSSociated with repeater 3, break contacts in 
series of relays 2 SAP and AB to (--) and (-) 
through the windings of relay CB for Operating 
this latter relay. 
The opperation of relay LCO of the connector 

opens up and releases relay CB which in turn 
opens up and releases relay S.A. Before relay 
SA of the connector releases, (--) is extended 
back from repeater 3 by way of conductor S and 
make contacts of relays HC and UC, conductor 
&S, make contacts and Winding of relay IsiGO to 
(-) for locking this latter relay under the Con 
trol of relay SA of repeater 3, this latter relay 
being operated when relay CB of this repeater 
Operates. 

Relay LCO of the connector maintains (--) 
on Conductor STX for holding line finder 5 in 
connection with the calling line, it extends (--) 
on conductor AS back over conductor 3S for 
maintaining the cut-off relay of the Calling line 
operated and it applies (--) to allotter conductor 
3AL, to replace the (--) which relay SA of the 
connector applied to conductor 3AE for marking 
this connector in the allotter circuit as being in 
use. The line finder aid associated allotter cir 
cuits have not been shown, since the line, marker, 
lock-out, allotter and finder circuits may be the 
same as shown in Figs. 2 to 4, inclusive of Powell 
Patent 2,325,877. 
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it will now be explained how the connector cir 
cuit functions to provide the delayed ring feature 
On a toll call, Such as a call from the manual ex 
change to a Subscriber in automatic exchange B, 
illustrated in Fig. 1B. Recalling that the incom 
ing line circuit illustrated in the right-hand por 
tion of Fig. 4 is used on a toll call and that relay 
TL of this line circuit has been operated and 
locked, when relay CX of Fig. 6 is operated when 
the connector is first seized, toll line relay TL of 
Fig. 6 is operated over a circuit extending from 
(--), make contact of relay TL of Fig. 4, conduc 
tor 3TT, through the line finder 5, conductor 
3TL, make contact of relay CX and winding of 
relay TL to (-). At the end of the transmission 
of the first impulse of the first digit, relay CX 
releases, as above described, to open up and re 
lease relay TL. Relay TL is again operated be 
fore the second digit is dialed and is released 
after the first impulse of this digit, by the release 
of relay CX. Relay TL again operates and re 
leases before and after the third digit is trans 
mitted in the Same manner as described for other 
digits. When relay CX operates to close the cir 
Clit for Operating relay TL before the station 
digit is transmitted, a circuit is closed for oper 
atting test relay T of the connector which ex 
tends from (--), make contact of relay SA, break 
contact of elay CHO, executing conductor EX, 
make contacts in series of relays ATF, 2TF and 
3TF, conductor 53, make contact of relay TL, 
conductor 4, break contact of relay BY, con 
ductor 36 and Winding of relay TT to (-). Re 
lay TT closes the above described locking circuit 
for itself, thus being operated before relay RI is 
operated as was the case in connection with a 
local call previously described. With relay TT 
operated the ringing or station digit of the called 
party may be held off while the toll operator is 
Working on the connection, thus it only being 
necessary for the operator to dial the last or 
station digit when ready to ring the called party. 
If a party on the called line should remove the 
receiver while the operator is working on the 
connection, the closed circuit across this line is 
extended by Way of conductors 4T and AR, make 
contacts of relay TT, break contacts of relay 
RI, conductors 5 and 52 and windings of relay 
AB to (--) and (-), thus operating this relay 
and reversing the battery connection back to the 
repeater for passing Supervision back to the oper 
ator as an indication that someone is trying to 
use the line She is holding. 

In the event that this Supervision is not effected 
by a station on the called line before the operator 
is ready to signal the called station, the impulse 
or impulses transmitted to select this station 
ffect the operation of relay CB for closing a cir 

cuit, at the first Irelease operation of relay CB 
for operating relay RI. This circuit extends 
fron (-H), inake contact of relay SA, make con 
tact of relay CHO, make contact of relay 3TF, 
conductor 48, winding of relay RI and resistor to 
(-). Relay RI closes the above described lock 
ing circuit for itself and, with relays RI and TT 
both operated, relay CI again operates to extend 
the linging circuit to the called line. The cir 
cuits now function in the previously described 
manner for tripping the ring and for operating 
relay AB, With the release operation being effec 
tive to release out all operated relays in the 
previously described manner. It will be obvious 
that relay TT cannot be operated on a delayed 
ring toll call when the called line is busy because 
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its winding is opened by the operation of busy 
relay BY. 
In this event, it is necessary for the toll opera 

tor to make the busy verification test as will be 
later described. 

Referring again to the operation on a call from 
the aanual office to a station in automatic ex 
change B, When relay A3 of the connector e 
verses the battery, polar relay POL of repeater 
i3 is operated for short-circuiting the resistance 
in series with relay PL. This increases the cur 
rent flow in dial leg if f to a comparatively high 
value for operating relay AB of repeater f2. 
Relay AB reverses the battery back to conductors 
T and R. leading through connector 6 and line 
finder 4 to repeater for operating a polar 
relay in this latter repeater in the same manner 
that relay POI, of repeater 3 is operated. The 
polar relay in repeater then increases the 
current flow in the dial leg leading to the manual 
office for operating an AB relay in this repeater 
or functions in any other desired mannel for 
passing this Supervisory condition back to the 
manual cord circuit. 
When the called party hangs up, relay AB of 

the connector releases and straightens out, the 
battery connection to repeater 3 for releasing 
relay POL, which again inserts the resistance in 
series with relay PL and dial leg if for releas 
ing relay AB, this latter relay straightening out 
the battery connection back to repeater i, etc. 
When the operator releases the connection, re 

lay CB of repeater 2 in automatic exchange A 
is released for effecting the release of relay SA. 
The release of relay CB opens up dial leg it for 
de-energizing this conductor leading to exchange 
B. This effects the release of relay PL of repeater 
23, which in turn releases relays 2SA and 2SAP. 
The release of relay PF, also opens up the right 
hand portion of the repeat coil circuit of repeater 
A3 for opening up the incoming line circuit and 
releasing the connection in exchange B. The 
release of relays CB of repeater 2 and repeater 
f3 close momentary circuits for operating the 
:CHO relays of these repeaters and when the SA 
relays of these repeaters release, the circuit, for 
the CHO relays are opened and these relays re 
lease. These CHO relays perform no function 
at this time. The release of relay SA of repeater 
2 again closes the circuit for again operating 
relay SAP thus restoring the repeater circuits 
to normal. Referring to Figs. 2A, 2B, 3 and 4, 
it will now be explained how the alarm signal is 
transmitted from either automatic office to the 
mainual office. It is customary to provide two 
alarm relays, such as A and 2A in these auto 
natic exchanges for operating in response to 
minor and major alarms. It is not believed 
necessary to show just how these A and 2A re 
lays are operated, since it is weil known to those 
skilled in the art how much relays may be ener 
gized in response to the blowing of a fuse, the 
failure of an important circuit and the like, which 
requires the attention of an attendant. The 
energization of either relay A or 2A in automatic 
exchange A disconnects dial leg it 4 from the 
upper winding of relay 2BW and connects this 
dial leg to the lower winding of relay 2BV. This 
deenergizes the normally energized its dial leg 
for effecting the release of alarm relay AM in 
the manual exchange. This in turn effects the 
release of repeater relay AMP for operating slow 
operate relay SO and this latter relay closes a 
locking circuit for itself and also closes an obvious 
circuit for lighting the alarm lamp. This gives 
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the operator in the manual exchange a visual in 
dication that a case of trouble exists in either 
automatic exchange A or automatic exchange B 
and she can dial up special numbers in these 
offices to determine the location and the type of 
the trouble which exists. This dialing up cir 
cuit is not shown, since it forms no part of the 
present invention. When proper attention has 
been given to the signal, the release key may be 
momentarily operated for releasing relay SO, 
relays AM and AMP being restored to their 
normally energized conditions when the dial leg 
it 4 is re-energized in response to the clearing of 
the trouble. 
In the event of an alarm condition in auto 

matic exchange B, the operation of the A or 
2A relays de-energizes the normally energized 
dial leg #4 extending to automatic exchange A 
for releasing high resistance alarm relay 2AM. 
Relay 2AM effects the release of relay 2AMP 
unless this latter relay is locked due to the Opera 
tion of the busy verification feature, under which 
condition relay 2AMP is not released until after 
the busy verification momentary test is effected. 
The release of relay 2AMP in automatic exchange 
A de-energizes dial leg #4 extending to the 
manual exchange for bringing in the alarm lamp 
in the previously described manner. When the 
trouble condition is cleared up, dial leg #4 is 
again energized for operating relay 2AM, which 
in turn operates relay 2AMP for in turn re-ener 
gizing dial leg # 4 for again operating relays AM 
and AMP, thus restoring the circuits to normal. 

It will now be explained how the busy verifica 
tion feature operates. From the above explana 
tion, it will be seen that relay TT, of the connector 
link is not operated when local calls are made 
through the connector. It will be assumed that 
a call is set up from the manual eXchange to a 
local subscriber in automatic exchange A. Since 
the trunk between the manual eXchange and 
automatic exchange A extends through repeater 
fi and terminates on its own line circuit, the call 
to the connector may be marked as coming from 
a toll line by simply extending (--) by way of 
a conductor corresponding to 3TT Of Fig. 5 to 
connector 6. With (--) on this conductor, relay 
TL will be operated in the previously described 
manner to mark this as a toll call. Since relay 
TL controls the busy verification feature and 
Since this feature will be explained in Connection 
with connector in automatic exchange B, this 
feature need not be explained in connection with 
connector 6 because it operates in exactly the 
Sane nanner in exchange A. aS it does ini ex 
change S. The only difference in the operation 
between a toll connection from the manual ex 
change to a local station in exchange A and a 
toll connection from the manual exchange to a 
local station in exchange B is that such a toll 
connection extending a call to the local station 
in exchange A is readily identified as above ex 
plained, while a toll connection through exchange 
A to exchange B makes use of the same inter 
office trunks between exchange A. and exchange 
B as used by local subscribers in exchange A. 
Consequently, it is necessary to distinguish in the 
connector link in exchange B between a call 
from a subscriber in exchange A and a call from 
the toll operator in the manual exchange. 
When the toll operator plugs into the trunk 

jack, the line finder f4 extends the connection 
to connector 6 and the operator dials it 8 for 
Selecting a trunk to exchange B. Since connector 
6 Switches through on level 8 (in a manner sim 
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ilar to the Switching through function on level 1 
for connector , above described), the dial im 
pulses are received by relay CB in repeater 2 
(Fig. 3) connected to the interoffice trunk lead 
ing to repeater 3. Relay CB of repeater 2 re 
peats these impulses over dial leg i? between 
eXchanges A and B for Operating relay PI of 
repeater 3 in exchange B, this latter relay again 
repeating these impulses to relay CB of the Se 
lected connector 7 in exchange B. It has been 
explained how the it 4 dial leg of the composite 
set between the manual exchange and exchange A. 
is normally energized for maintaining relay AM 
in the imanual eXchange operated as long as there 
is no alarm condition set up for opening this dial 
leg. This normally energized circuit is also de 
pendent on the energization of the #4 dial leg of 
the composite set between exchange A and 
exchange B. It will be understood that the open 
ing of this it 4 dial leg between exchange A and 
the manual exchange because of an alarm con 
dition in exchange A or because the ii 4 dial leg 
between exchange A and exchange B is opened by 
an alarm condition in exchange B, de-energizes 
relays AM and AMP in the manual exchange 
for bringing in the alarm circuit in the previously 
described manner. 
When the manual exchange operator selects 

a trunk leading to exchange B by dialing it 8, 
the CX repeater 2 is selected. This selection 
effects the operation of relays CB and SA and 
the release of relay SAP of repeater 2. Dur 
ing the interval between the operation of relay 
SA and the release of relay SAP, a connection 

is extended from (-) through the resistance 
associated with repeater f, through line finder 4 
and connector 6, conductor TL, make contact 
of relay SAP, make contact of relay SA, con 
ductor 2 and lower winding of relay 2BW to (--). 
This operates relay 2BW, it being understood that 
this operation is not effected on a call from a local 
line in exchange A because this line does not 
carry the circuit from (-) through to conductor 
TL of repeater 2. 
The operation of relay 2BW disconnects the #4 

dial leg between exchange A and exchange B from 
the high resistance relay 2AM and connects it 
to direct (--) at a make contact of normally ener 
gized relay 2AMP. This connection to direct (--) 
operates relay 3BV in exchange B over dial leg 
ity between exchanges A and B by way of the 
upper winding of relay 3BW to (-). Since this 
is only a momentary pulse on dial leg #4, relay 
3BW will only be operated momentarily. At the 
same time that relays CB and SA of repeater 
i2 in exchange A are operated, the it dial leg is 
energized for operating relays PL, 2SA and 2SAP 
of repeater 3 in exchange B, all in the previously 
described manner. This effects the operation of 
line relay TR, of the incoming line circuit in ex 
change B for marking this line as the one to be 
found by line finder 5 and extends the connection 
to connector f7. 
With line relay LR of the incoming line cir 

cuit operated at the same time that relay 3BW is 
operated, a circuit is closed for operating relay 
TI, of this incoming line circuit, which may be 
traced from (--), make contact of relayLR, lower 
winding of relay TL, conductor 24, make contact 
of relay 3BV and resistor to (-). Relay TT lockS 
itself operated as long as the incoming line circuit 
is in use, in the previously described manner. It 
will be understood that a call from a local line in 
exchange A will not operate relay 3BV, Conse 
quently relay TT, of the incoming line circuit in 
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exchange B will not be operated on such a call 
even though line relay LR is operated the same 
as if this was a toll call. Relay TL1, in its oper 
ated position, marks this incoming line circuit as 
one coming from the manual toll board by ex 
tending (--) over conductor 3T, to connector 7. 

Referring now to connector , when the toll 
operator dials a busy line, relay BY is operated 
and locked, in the previously described manner. 
When relay 3TF operates for releasing relay CRL 
and again operating relay CX at the end of the 
units digit, relay TL is operated to (--) on con 
ductor 3TL. With relays BY and T't operated, 
busy tone is connected to the line circuit incoming 
to connector 7 and is heard by the toll operator. 
With relays TT, and BY operated, the operation 
of the dial effects the intermittent operation of 
Irelay CB, but no other relays of the connector 
link are operated in response to these dial in 
pulses. 
When the toll operator desires to cut in on the 

busy connection and offer the toll call, she oper 
ates the busy verification key BW and dials #1. 
The operation of key BW operates relay BV, since 
a connection to (--) is applied to key BW when 
any sleeve relay SL is operated. The operation 
of relay BW switches dial leg it is from high resist 
ance relay AM to direct (--) for energizing this 
dial leg extending to exchange A, which operates 
relay 2BW by Way of its upper Winding. Relay 
2BW in turn switches dial leg #4 extending to ex 
change B from high resistance relay 2AM to 
direct (--) for operating relay 3BV in exchange B. 
Now when the one impulse is transmitted by the 
dial, the release of relay CB of the connector link 
happens at the same time that relay 3BW is oper 
lated, therefore a circuit is closed from (--), break 
contact of relayLCO of the connector, break con 
tact of relay CB, make contact of relay SA, make 
contact of relay BY, conductor 43, make contact 
of relay TL, conductor 44, upper winding of relay 
4BW, conductor 25, make contact of relay 3BW and 
resistor to (-). This operates relay 4BW and 
this relay in turn closes a locking circuit for it 
self extending from (--), break contact of relay 
LCO, make contact of relay EY, make contact, and 
lower winding of Irelay 43W to (-). The toll 
operator is now connected to the busy called con 
nection by way of the talking condensers of the 
connector, make contacts of relay ABV, conductors 
4T and 4R and make contacts of relays UC and 
TC, for example, to the called line. The toll 
operator may offer the call to the wanted party 
and if this party desires to accept the toll call 
the receivers on the busy connection are hung 
up for effecting the release of this connection, 
in the previously described manner. The release 
of the connection removes (--) from the called 
sleeve 4S of the connector used by the toll operator 
and this is effective to release relay BY, since 
the operation of relay 4RW switched the locking 
circuit, for relay BY from (--) controlled by relay 
SA to (--) on the called sleeve conductor. 
The release of relay BY opens up the locking 

circuit of relay ABV for effecting the release of 
this latter relay. With relays BY and 4BW re 
leased, (--) is applied to the sleeve of the called 
line (4S) for making this line busy and for oper 
ating the cut-off relay of this line. This circuit 
extends from (--), make contact of relay SA, 
break contacts of the make before break Con 
binations of relays 4BV and BY and make con 
tact of relay 3TF to conductor 4S. This places 
the circuits of the connector link in condition 
for responding to the station digit, which is now 
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dialed by the operator, Ol' delayed, for Operating 
the circuits just the same as when the station 
digit is dialed on a call to an idle line. 
What I claim is: 
1. In a telephone system comprising local and 

toll lines, telephone stations connected to said 
local and toll lines, a final connector accessible 
to both local and toll lines, means including 
dialling mechanism at said stations for estab 
lishing a connection between a calling one of said 
Stations and Said connector and for Operating 
Said connector to establish a connection between 
Said connector and the terminals of a called line, 
ringing equipment operatively associated with 
Said connector for automatically ringing the 
called station in response to the dialling of a 
station digit after said connections are estab 
lished, means responsive to the establishment of 
a connection from a local line to said connector 
for preventing the completion of a talking cir 
cuit between said calling line and said called 
line until Said station digit has been dialed, and 
means responsive to the establishment of a con 
nection from a toll line to said connector for 
completing a talking circuit between said calling 
line and said called line before said station digit 
has been dialled. 

2. In a telephone system comprising local lines 
and toll lines in a first office and local lines in 
a second office; telephone stations connected to 
said lines; a plurality of interoffice trunks con 
necting said offices; a final connector in said Sec 
Ond Office accessible to Said interOffice trunks and 
Said local lines in Said Second office; means in 
cluding dialling mechanism at said stations on 
said local Or said toll lines in Said first office for 
controlling said final connector over one con 
ductor of one of said trunks to establish a con 
nection between said final connector and the 
terminals of a called line in said Second office; 
ringing equipment operatively associated With 
Said Connector and Operated responsive to the 
dialling of a station digit after said local or said 
toll connection is extended to said called line 
for automatically ringing the called station 
thereon; means controlled in response to the 
dialling of said station digit on a connection 
Originating on a local line in Said first office 
for pleventing the completion of a talking cir 
cuit between said calling local lines and said 
called line until said Station digit is dialled; and 
means controlled over a plurality of conductors 
of Said trunks on a connection originating on a 
toll line in Said first office for completing a talk 
ing circuit between said calling toll line and Said 
called line before said station digit is dialled. 

3. In a telephone system, a combination toll 
and local connector, a calling toll trunk and a 
calling local trunk having access to said Con 
nector, a party line accessible to said connector, 
means responsive to line and station selecting 
inpulses transmitted into said connector from 
either of said calling trunks for directively oper 
ating said connector to extend a call to Said party 
line and selectively signalling a party on Said 
party line, and means responsive to seizure by 
said calling toll trunk only and effective before 
Said station selecting impulses are transmitted 
for preparing said connector to complete a talk 
ing circuit between said calling toll trunk and 
said party line regardless of the busy or idle con 
dition of said calling party line. 

4. In a telephone system, a connector, a trunk 
line accessible to said connector, a called line, a 
first path over which a connection can be made 
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to said connector by way of said trunk line, a 
Second path over which a connection can be made 
to said connector by way of said trunk line, means 
controlled over either path for directively oper 
atting the connector to extend a connection to 
Said called ine, a relay in said connector, means 
effective only when the connection is established 
to said coninector by way of said first path for 
operating Said relay, and means including Said 
relay for effecting a connection to said called 
line when it is busy. 

5. In a telephone system, a connectot, a trunk 
line accessible to said connector, a called party 
line, a first or a second path over which a con 
nection gain be made to said connector by Way of 
said trunkline, means controlled over either path 
for directively operating the connector in re 
Sponse to line Selecting digits to extend a con 
nection to said called party line, a signal cur 
rent selecting device as:Sociated with said con 
necto, Ileans controlled over either path for 
directively operating Said device in response to 
a station selecting digit, a relay in Said connector, 
26ans effective Only when the Connection is es 

tablished to Said connector by Way of one of Said 
paths for operating said relay, means including 
said relay for effecting a connection to said called 
line when it is busy, and means controlled by 
said relay for effecting or preventing a connec 
tion to Said called line before said station select 
ing digit is dialed. 

6. In a telephone System, a plurality of lines 
including party lines and trunk lines, an impulse 
transi initter associated with each of said lines, 
an inpulse responsive connector having access 
to Said lines, means for extending a connection 
from a calling one to a called one of said plu 
rality of lines via Said connector, said connector 
including control apparatus responsive to a series 
cf digits transmitted thereto from one of said 
impulse transmitters, each digit comprising one 
or more impulses, Said control apparatus respon 
Sive to a first digit comprising a first number 
of inpulses for determining the Side of the line 
Over which any One of Said plurality of party 
lines is to be rung, Said apparatus including a 
jumper which can be connected in one of a plu 
rality of positions, means in Said control appa 
ratus responsive to impulses of a first digit coin 
prising a Second number of impulses effective 
When Said jumper is connected in one of said 
positions for causing said connector to select an 
idle One of Said trunk lines, and Ineans in said 
Control apparatus responsive to a first digit corn 
prising Said Second number of impulses effective 
When Said juraper is connected in another of 
Said positions for causing said connector to drop 
back. 
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7. In a telephone system, a plurality of lines 

including party lines, a plurality of trunk lines, 
an impulse transmitter associated with each of 
Said lines, an impulse responsive connector hav 
ing access to Said lines, means for extending a 
connection from a calling one to a called one 
of Said pluralities of lines via said connector, said 
Connector including control apparatus 'esponsive 
to a Series of digits transmitted thereto from one 
of Said impulse transmitters, each digit com 
prising one or more impulses, said control ap 
paratis including a jumper which can be con 
nected in any one of a plurality of positions, 
means in Said control apparatus responsive to a 
first digit comprising a first number of impulses 
for selecting the side of the line over which any 
One of Said plurality of party lines is to be rung, 
other means in said control apparatus responsive 
to a first digit comprising a second number of 
impulses effective when Said jumper is connected 
in One of Said positions for causing Said connec 
tOr to Select an idle One of Said plurality of said 
trunk lines, and further means in said apparatus 
responsive to a first digit comprising said Second 
number of impulses effective when the jumper 
is connected in another of Said positions for 
causing Said connector to drop back. 

8. In a telephone System, a plurality of trunk. 
lines, an impulse transmitter connected to each 
line, an impulse directed connector having access 
to Said plurality of lines and including control 
apparatus responsive to a Series of digits trans 
mitted thereto, each digit comprising one or more 
inpulses, means to extend a connection from a 
Calling one of Said lines to said connector, said 
control apparatus including a jumper which can 
be Connected in any one of a plurality of posi 
tions, means in Said apparatus responsive to a 
first digit comprising a first number of impulses, 
effective when said jumper is connected to one of 
Said positions for causing said connector to select 
an idle one of Said plurality of lines, and other 
means in Said apparatus responsive to a first digit 
Comprising said first number of impulses effective 
When Said jumper is connected in another of Said 
positions for effecting a drop-back operation by 
Said connector. 
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