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1

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
Pebruary 12, 1847, 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 tandem to a manual exchange.

A feature of the invention lies in the novel
toll offering arrangement, which inclides 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
Gial 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 more clearly understood from a
rerusal of the following specification when read
in cennection with the accompanying drawings,
comprising Pigs. 1 to 7, inclusive which show
by means of the usual schematic diagrams suf-
ficlent portions of a multi-office telephone sys-
tem to enable the present invention to he under-
stood.

Figs. 1A and 1B show a trunking layout of
the telephone system, including a2 manual ex-
change and two automatic exchanges A and B.
The manual exchange is indicated at the lefé
of the drawing and comprises an operator’s cord
i ¢, a trunk cireuit and a CX repeater cir-
cuit 2. It will be understood that the trunk

circuit and the CX repeater circuit may be com- 4:

bhined into one unif. Repeater i2 forms the
manuel end of a two-way trunk extending to
the frst automatic exchange A, there being a
plurality of such trunks. Automatic exchanges

A and B are four-digit exchanges, preferably
i the all relay type and include line finders,
4 and connectors, such as 6. The
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such as 14, as indicated. These trunks are ac-
cessible to connectors, such as t6, 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 14, as indicated. The two-way trunk re-
peaters, such as 12, 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 13 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 {7. Repeaters {f, (2
and (3 are identical, but repeater {8 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. 24 and 2B disclose the circuit arrange-
ment of the fourth dial legs between the offices,
whereby the toll offering, delayed ring and alarm
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 12 in exchange A.

Fig. 4 discloses the CX trunk or repeater cir-
cuit, such as {3 in exchange B. It will be ob-
served that the circuits of Figs. 3 and 4 are iden-
tical, but are shown in reverse order to facilitate
in the desecription.

Figs. 5, 8 and 7 disclose a connector cireuit,
such as 16 and {7, 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
manual 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 {8 operates to close a
circuit over the #1 dial leg (for example) of the
composite set for operating repeater {{ in auto-
matic exchange A. This operation of repeater
i1 operates the associated incoming line circuit
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for causing a line finder, such as 14, to connect
to repeater !i, thus extending the connection

from the operator’s cord circuit to connector 8.

The operator now proceeds to dial either the
telephone number of a local substation in ex-
change A or to dial #8 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 16 rings automatically
and when the called subscriber answers the con-
nector reverses the battery back to repeater if.
Responsive to this reversal of current, repeater
{1 conditions the #1 dial leg extending bhack
to repeater 18 for giving answering supervision.
The trunk ecircuit 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 16 is restored to
normal. This causes repeater ti to condition the
#1 dial leg extending back to repeater 1§ 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 i0, conditions the #1 dial
leg extending to repeater !{ and brings aboub
the release of the connector {6 and the finder
i4 from the line circuit associated with repeater
i1, 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 14, is operated to extend the
calling line to & connector such as connector 186.
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 level 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 {1 is seized,
it transmits o calling signal by way of the #1
dial leg which is received by repeater 10 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 #1 dial leg for operating a relay in repeater
{1 which reverses the battery to the calling line
to perform a metering function In case metered
service is provided. The operator then com-
pletes the desired connecticn over the other end
of the cord circuit. At the end of the conver-
sation, when the calling party releases, repeater
{1 conditions the #1 dial leg for causing repeat-
er 10 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 10, thereby causing the trunk circuit to
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4

condition the #1 dial leg, which in turn causes
repeater 11 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 t5. To call a subscriber in ex-
chanege 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 12. When re-
peater {2 is seized, it conditions the #1 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
pank and for causing a line finder, such as line
finder i5, to connect to repeater 13, thus ex-
tending the connection to connector §71. Respon-
sive to the dialing of the remaining digits, re-
peater 10 transmits corresponding impulses
over the #1 dial leg extending to exchange A,
which are received by repeater {1 and retrans-
mitted to repeater 12, whereby repeater 12 re-
transmits these impulses to repeater 13 in ex-
change B for operating connector 171 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 {7 causes re-
peater {3 to condition the #1 dial leg extending
to repeater {2 for reversing the battery to re-
peater {1. This reverse pattery is received by
repeater §! which in turn conditions the #1 dial
leg for causing repeater 18 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-

¢ sceriber at the substation in exchange 2 hangs

up the receiver, the battery connections from
connector 11 to repeater i3 are restored to nor-
mal and repeater i3 transmits a disconnect sig-
nal over the #1 dial leg to repeater 12 in ex-
change A. Repeater (2 responds to this signal
and restores the battery connections to repeater
{i to normal. Repeater !{ responds to the bat-
tery connections being restored to normal and
transmits a disconnect signal over the #1 dial
leg which is received by repeater {0 ang resulls
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 repeabter i in exchange A.
Responsive to this impulse, repeater {1 opens the
loop extending through finder {4 and connecior
{5 to repeater i%, causing this latter repeater to
transmit a signal over the #1 dial leg to ex-
change B. Repeater I3 responds to this signal
to open the loop extending to the link compris-
ing line finder {5 and connector |71 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
#1 to the number of the wanted station. The
first digit 1 causes connector {7, for example, {0
select repeater 13 and extend the connection by

' way of repeater (2 and line finder 14 to con-
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nector {8, The remeining digits are effective fo
select the called station by way of connector i5.

A subscriber in exchange A desiring a eon-
nection with a subscriber in exchange B prefixes
#8 to the number of the wanted station. The
first digit § causes connector {8, for example, to
select repeater {2 and extend the connection by
way of repeater i8 and line finder {3 to con-
nector #3. The remaining digits are effective to
select the called station by way of connector §7.

It will be observed that, on a call from 2 sub-
scriber in exchange B fto the manual office, a
connector, such as connector 18 is used, thus re-
moving such connecter from use by local lines
in exchange A, and thereby reducing the trunk-
ing facilities for local calls in exchange A. It
is possible to overcome this condition by making
repeater 12 a selector repeater, with the arrow
perbion of this repeater nointing to the left going
through a selector for selenting the repeabers, such
as repeater 1, connected to the manual exchange,
instead of having this arrow connection going
to the line finder terminals as shown. In this
case, & connector in office A is not tied up on
2 call from office B to the manual office. Further-
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 2B the feurth dial
leg of the composite set between the manual ex-
change and exchange A i3 tiad in with the fourth
dial leg of the composite set between exchange A
and exchange B, this tie-in being by way of relavs
and nod through any finder or connsecior link., As
will be brought out in the detailed description, any
repeater in exchange A and any connector in ex-
change B can cause the common circuit of Figs.
24 and 28 to operate to provide the toll offering,
delayed toll ring and alarm control functions.

Having described the trunking layout of the
exchanges in general and having described gener-
ally the variocus connecticns which can be estab-
lished within the system, the cperation of the
circuits will now be explained in detail with refer-
ence to Figs. 2 to 7, inclusive. These figures should
be laid out with Pig. 3 below Fig. 2A, with Fig. 4
below Fig. 2B and with Figs. 4, 5, 8 and 7 ar-
ranged in crder to the right of Fig. 3. Since man-
ual cord circuits, frunk circuits and repeater cir-
citits (such as repeater 18) are well known and
since ne particular type of these circuits is re-
quired, they will not be shown or described, since
they operate in any well known manner to cause
repeater i (not shown) and line fnder {4 (not
shown) tc repeat loop impuisss to connector (%

for selecting repeater {12 or local lines in exchange
A. Repeaters on both ends of a trunk ejrcuit ex-

tending hetween exchange A and exchange B are
shown, such a3 reveaters {2 and {3. A detailed
description of the operation of these repeaters on
a call from the operator in the manual ex-
change by way of connector {8 will be described,
it being assumed that repeater {i operates on a
iocp basis for extending the connsection by way
of line finder {4 to connector 18, after which con-
nector {§ operates on a switch through bsasis
when a trunk level is dialed.

For the purpose of simplifying the drawings and
facilitating the explanation, various parts and
circuits have been diagrammstically shown and
certain conventional illustrations have been em-
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 consiruction and

10

15

20

30

40

45

B0

el
1

75

6

arrangement of parts and eircuits that would be
employed in practice. Thus, the various relays
and their contacts are illustrated in a econven-
tional manner, the use of symbols being employed
to indieate the conmnections to ths 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
ubper heavy line portion arve slow operate relays.
The symbols (4-) and (—) indicate the positive
and negative terminals respectively of suitable
batteries or cther sources of direct current and
the circuits with which these symbols are used
always have current flowing in the same diree-~
tion, that is, from (4) 0 (—). The relay con-
tacts have been widely separated from the relay
coils, with dashed lines extending between the
ccils and thelr associated contacts, in order to
simplify the drawings.

Since the present invention is more pacrticularly
concerned with busy verification, delayed toll
ringing and alarm contrel features in a tandem
network, certain cireuits will be omitted from
the present disclosure, with the explanation being
more particularly directed to the oneration from
a manual exchange in connection with two auto-
matic exchanges, conmected as illustrated in
Fig. 1.

Assuming that the manual onerator plugs into
g jack associated with the trunk eircuit and CX
repeater {0 in the manual exchange, the circuits
are controlled in any well known rmannsr for
conditioning CX repeater {! in automatic ex-
change A to cause line finder {4 to find the line
circuit associated with repeater i{ for extending
the connection to connector 8. Connector I8,
which may be the same as the connector ilius-
trated in Figs. 5, 6 and 7 may then ke operated
to its eighth level for selecting CX repsater 12,
From the description which follows, the operation
of the relay type connector will be understood,
since this connector operates in exactly the same
manner as connector {7, iliustrated in Figs. 5, 8
ahd 7.

Whern connector §§ selects and switches through
to repeater 12, the closed circuit across the tip
and ring conductors T and R of Fig. 3 cperate
calling bridge relay CB of repeater 12 over a
circuit extending from (), upper winding of re-
lay CB, back confact of answsring bridee relay
AB, back contact of relay 2SAP, upper winding
of the Ieft-hand portion of the repeating coil, con-
ductor T and thensce through the connsctor and
line finder circuits ({8 and {4), through the
closed circuit in repeater i{ (not shown), back
through the line finder and connsctor ecircuits
(12 and 18), conductor R, lower winding of the
left-hand portion of the repeating coil, back con-
tacts of relays 2SAP and AB and lower winding
of relay CB to (—). Dslay CB operates and
closes a circuit for operating relay {SA which
extends from (4), back contact of pulse relay
PL, make contact of relay CB and winding of
siow-acting relay {SA to (—~). The operation of
relay {SA opens up the normally energized circuit
of relay iSAP, allowing this relay to release after
a short time interval. Relays CB and {SA close
a eircuit for energizing dial leg #1 extending from
automatic exchange A to autoratic exchange B,
which eircuit extends from (—), resistance, wind-
ing of relay AB, make contact of relay OB, make
contact of relay ISA, dial leg #1, conductor &8
extending to exchange B, dial leg #1, bresk con-
tact of relay ISA of CX repeater {8, resistor and
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winding of relay PL to (4. This operates relay
PIL, which in turn closes an obvious circuit for
operating relay 2SA and this relay in turn closes
an obvious circuit for operating relay ZSAP. 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 ISA of repeater {2 is operated
and before relay ISAP is released, a circuit is
closed for operating busy verification relay 2BV
of Fig. 2A, which circuit extends from (+4-),
lower winding of relay 2BV, conductor 21, make
contact of relay 1SA, make contact of relay
{SAP, conductor TL, through connector i§ and
line finder {4 to (—) by way of the resistor asso-
ciated with repeater {{. The operation of re-
lay 2BV switches dial leg #4 from () through
the high resistance winding of alarm relay 2AM
to direct (4-) through a normally closed make
contact of relay 2AMP. This circuit is opened
when relay 2BV is released by the release of re-
1ay ISAP for again energizing dial leg #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 i3, 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 POL, make
contact of relay 2SAP, lower winding of the
right-hand portion of the repeat coil, make con-
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 I5 (not shown), as well
as closing a circuit for operating toll line relay
TI. 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 BV in re-
sponse to the above described pulse applied to
dial leg #4, this pulse extending over conductor
30 of the #2 physical circuit, break contacts
of alarm relays {A and 2A and upper winding
of relay 3BV to (—). When this pulse is termi-
nated, relay 3BV is released, thus operating re-
lays 3BV and TL 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 i3, as above described, relay CO is op-
erated over a circuit extending from (4), make
contact of relay SA of connector i1 (this relay
being operated as will be later described), sleeve
conductor 38, through the line finder and wind~
ing of relay CO o (—).

Since this energization of relay PL of re-
peater i3 is at a compartively low value, because
of the resistance in series with the relay PL, the
dial leg #1 is energized at a comparatively low
value for “on hook” supervision, this because re-
lay AB of repeater 12 does not operate to reverse
the battery back to repeater it for repeating this
supervision to the manual office.
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Tt will now be assumed that the operator dials
#2111. When connector 171 is extended to re-
peater 12, relay CB of the connector operates
over a circuit extending from (--), upper wind-
ing of relay CB, break contact of answering
bridge relay AR, break contact of link cut-off
relay LCO, tip conductor 3T, through the line
finder {5 to the incoming line circuit, make 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
2gAP, lower winding of the right-hand portion
of the repeat coil, make contact of relay 2SA,
line finder 15, 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 (4,
lower inner make contact of relay SA, break con-
tact of counting release relay CRL, the stick |
conductor 22, break contacts in series of count-
ing relays C3, C2, Ci and winding of relay CX
to (—).

The operator (or calling party) now receives
dial tone over a circuit extending from the com-
mon dial tone conductor, make contact of re-
lay CX, conductor DT, break contact of relay
T, condenser 38, 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
#2,241,156 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 1f, line finder {4 and connector {§ for
intermittently opening and closing conductors
T and R leading to repeater {2. This results in
relay CB of repeater 12 being relezsed twice after
which it remains energized. The first release of
this CB relay opens up the above described #1
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 ICHO extending from (-},
preak contact of relay PL, hreak contact of re-
lay CB, make contact of relay {SA and winding
of relay ICHO to (—). Relay {CHO short-cir-
cuits the winding of relay AB of repeater {2
to remove the impedance 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 im-
pulse (relay CB released) again opens up the dial
leg and at the end of this impulse (relay CE op-
erated) the #i dial leg is again energized at a
comparatively high current value until relay
LCHO is released, which occurs shortiy after the
end of the series of impulses, at which time re-
lay AB is again inserted into the #1{ dial leg.

The pulsing of the #1 dial leg effects the puls-
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ing of relay PL of repeater §3. Each release op-
eration of relay PL opens up the above described
incoming line ¢ircuit (to which connector 47 is
connected) for impulsing relay CB of the con-
nector. The frsy release of relay FL closes a
circuit for operating relay 2CHO which extends
from (), break contact of relay PL, break con-
tact of relay CB, break contact of relay §SA, make
contact of relay SAP and winding of relay 2CHO
to (=3, Relay 2CHC short-civeuits the upper
winding of relay POL and the right-hand repead
coil windings, =0 that relay PL can puise con-
nector {7 over a circuit having no impedance
connected tharein,

When relay PL of repeater {8 remainsg ensr-
gized, after the series of impulses have been
transmitted, relay 2CHO is released for inserting
the upper winding of relay POL znd the repeat
coll windings in the line circuit leading to the
coennector.

Reisrring fo connector 17, the release of relay
CB at the keginning of the first impulse closes 2
circuit for operating counting relay Ci extending
from (4-), break contacs of relay LCO, bhreak con-
tact of relay CB, make contact of relay SA, break
contact of relay BY, conducter 38, break contact
of test relay 'TT, hreak contact of ringing relay
RI, pick-up conductor 28, maks contact of relay
CX and winding of relay Ci fo (—). Relay CX
is locked operated during this pulse transmission
by way of the stick 2 conductor 2% to (4-) by
way of the other break contact of relay CB and
the lower lnner msake contach of relay SA. AS
the end of the first impulse (relay OB energized)
stick & conductor 27 is opened for releasing relay
CX. This opens up the dial tons circuit. When
he second impulse s transmitied, the release of

: B again applies (--) o pick-up conductor

a
Relay £1 is maintained energized dur~
1s

and a roake contact of relay Ci to the winding
of relay Ci. At the end of this pulse transmis-
sion, relay CB operates and remains operated until
the next digit for efiscting the release of relay
C#t, with relay C2 being maintained in its ener-
gized position by msans of (<) on the stick !
conducter 22, by way of break contact of relay
CRL and the inner lower make contact of re-
lay 24,

At the beginning of the first impulse, relay CHO
of the connector is operated, since this relay is
cennected to pick-up conductor 2§ and at the

reutt inglvding the break contact of relay RI,
25 well as by means of 2 locking circuit for relay
CHO, this latier circuit being provided io main-
tain relay CHO operated when relay RI is oper-
ated during pulsing, as will he later described.
When relay CHG relsases st the end of the
hurdreds digit transmission, the hundreds selec-
tion is execubed by means of a cireuit which is
effective In the
present example, relay HC2 (Fig. ) will be oper-
s assumed that #2 was dialed
for the hundreds digit. The cireuit for operating
relay HCE exbends from (), make contact of
velay SA, break contact of relay CHO, executing
conductor EX, hreak contact of transfer relay
ITF, conductor ¥EH, make contact of counting
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relay C2, conductor HC2, and winding of relay
HC? to (—). Relay HC?2 closes a locking circuit
for itself extending from (+), make contact of
relay SA, stick conductor STK, make contact and.
winding of relay HC2 to (—). A circuit is now
closed for operating relay CRI. which extends
from (4-) on stick conductor STE, make contact
of relay H{E, conductor HCSTX, break contact
of relay I'T¥F and upper winding of relay CRL to
(—). The operabion of relay CRL closes 2 circuit
for cperating relay {TF which may be traced
irom {-) on conductor HCSTE, make contact of
relay CRL snd winding of relay ITP to (—).
Relay TP completes a locking circuit for itself
which is independent of the make contact on
relay CRL, so that relay {TP will reinain in its
cperated position after relay CRL is released, the
reiease of relay CRL being effected when relay
{'TTF cperates and copens the bresk contact of the
inake before break compination.

The operation of relay CRL opens up the stick
§ conductor 22 for effecting the release of the
counting relay left operated, in this example
relay C2, and when relay CRL is releaged, con-
ductor stick 4 is again connected to () for op-
erating relay CX for preparing the counting relay
circuits for the next digit. Transfer relay ITH
£z well as transfer relays 2TF and 8TF, are slow
to operaie, as indicated by the heavy line section
at the fop of the relay coil. 'This is for the pur-
pose of intreducing sufficient time to release out
the counting relay left operated a$ the end of the
digit and then o operate relay CX in preparaiion
for the next digit.

When the next (fens) digit is dialed, relay CB
reisases for again operating counting relay C!
and change-over relay CHO, over the previously
deseribed cirveuit, v the end of this impulse,
relay CX iz released, relay Ci remains operated
and, since it is assumed that this is the end of
the digit, relay CHO is released for executing the
tens digit. This executing cireuit extends from
(+) on conductor BX (as above described), make
contact of relay { TP, break contact of relay 2TF,
conductor XOT, make contact of relay Ci, con-
ductor TCH and winding of tens connector relay
TCt (—). Relay TC! closes a locking circuit for
iteelf from (-F) on conductor 8TX, make contact
and winding of relay TC{ to (—). The operation
of relay TC! (or any other TC relay, not shown)
extends conduector STX to conductor TCSTK for
again operating relay CRI: over a circuit includ-
ing the break contact of the make hefore break
combination of relay 2TF. Relay CRIL extends
conductor TCSTK to the winding of relay 2TH
for operating this relay, which in turn closes a
loeking circuit for itself by way of it make hefore
break contact and conductor TCSTK. The op-
eration of relay 2TF opens Up and relsases relay
CRI. During the interval while relay CRL was
operated, relay C! is released. Relay OX is again
operated when relay CRL is released for pregaring
the counting relay circuits for the next digit.

When the units digit is dialed (#1, 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 CHEO again applies (4) to execubing
conductor EX for operating units connecting re-
lay UC! over a circuit from conductor EX, make
contacts of relays ITF and 2TF in series, break
contact of relay 8TF, conductor XOU, maks con-
tact of relay Ci, conductor UC and winding of re-
lay UC§ to (—). Relay UCH closes a locking cir-
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cuil for itself from (4) on conductor STK and
extends this STK conductor back over conductor
UCSTE, make contact of relay 2TF, break con-
tact of relay $TF and upper winding of relay
CRL to (—) for operating this latter relay. Re-
lay CRL extends conductor UCSTK by way of
make contacts of relays 2TF, CRL, and 2TF to
the winding of relay 8TF for operating this lat-
ter relay, which relay closes a locking cireuit
for itself by way of its make before break con-
tact. £
Relay 3TF opens up and releases relay CRL
and during the interval when relay CRL is op-
erated, counting relay Cl is released and when
relay 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-
eration of relay 3TF extends the sleeve conductor
35 of the called line by way of make contacts in
series of relays TCt and UCIH, sleeve conductor
4S, make contact of relay 3TF, preak contacts
in series of relays BY and 4BV and make con-
tact of relay SA to (4). 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 4S, 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 UCi connects the sleeve conductor of the
called 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 (43 by way of
a break contact of relay 4BV 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 dialled relay CB applies & momentary
(+) impulse by way of iis break contact, make
contact of relay SA, make contact of relay BY,
conductor 43, break contact of relay TL (as-
suming for the present that this is a call from
2 local line and not a toll line, in which case
reiay TL will be de-energized), conductor 48,
make contact of relay 3TF, conductor 48, wind-
ing of ringing relay RI and resistor to (—). Re-
lay RI operates and closes a locking circuit for
itself extending from (4) on conductor STK,
make contact and winding of relay RI and re-
sistor 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 4BV,
make contact of relay BY, conductor BT, make
contact of relay RI, conductor 38 and small tone
condenser 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
ABV 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

10

156

20

30

40

45

50

55

60

65

70

75

12

where the calied 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 impulse, relays CX and CHO are released,
the latter relay closing the executing circuit from
(+4) on conductor EX, make contacts of relays
{TF, 2TF and 3TF in series, conductor 53, make
contact of relay RI, conductor 41, break con-
tact of relay BY, conductor 46 and winding of
relay TT 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 im-
pulse transmission by way of a make contact
of relay CHO, make contact of relay 3TF, con-
ductor 43 and winding of relay RI. Relay RI
cioses the above described locking circuit for it-
self. When relay 'TT is operated at the end
of the impulse transmission for the station digit,
as above described, it closes a locking circuit
for itself from (4) on conductor EX, make con-
tacts in series of relays ITF, 2TF and §TF, con-
ductor 53, make contact of relay TT, conductor
31, break contact of relay BY, conductor 45 and
winding of relay 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 under-
stood in the art. The operation of relay CI
closes o locking circuit for itself including hold
conductor 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 Cl, make contact of relay CT, winding
of trip relay TR, conductor %7, make contact of
relay HC2, conductor 34, make coniacts in series
of relays RI and T'T, conductor 4R, make contacts
of relays UCI and TCi, called line and instru-
ment circuits, make contacts in series of relays
TC1 and UCI, conductor 4T, make contacts in
series of relays TT and RI, conductor 23 and
make contact of relay HC2 to the generator
ground or return circuit for the source of ringing
current. It will be noted that relay HC2 reverses
the ringing circuit, including conductors 23 and
34, extending to the called line, thus if #3 was
the first digit dialed, then relay HC2 would not
be operated and the ringing current would he
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 AEB by
way of conductors 51 and 52, this latter relay
being operated to reverse the current kack 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 PXK so that relay CI remains de-energized
throughout the remainder of the connection.
Talking baftery 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-
ticn through the talking condenssrs and break
contacts of relay 4BV,

When the called party hangs up, relay AB
relenses to straighten out the battery connection
for giving supervision in a manner to be later
described. When the calling party hangs up,
relay CB releases for effecting the release of relay
SA, after which () is removed from the various
congdueters which maintain relays HC2, L'TF, TCH,
TR, UCH, §TPF, called line cut-off relay, and TT
operated, thus effecting the release of these relays
ang restoring the circuits to normal. The re-
lease of relay SA also removes (-}) from stick
conductor {8TK extending back to line finder {5
for releasing the line finder circuit (nct shown)
in a manner which is well understood in the art.
Relay SA also removes (4) from conductor 28
extending back through the line finder for re-
leasing the cut-off relay of the line eircuit and
this relay in turn opens up and releases relay
TL, thus restoring the line circuit to normal.

It is believed that the above example explains
how the circuits funetion in response to the dial-
Ing of the four digits for selectively ringing the
called station and for providing the various cir-
cuit operations usually found in loecal and trunk
cal It will now he explained how the repeaters
in exchanges A and B function to provide super-
1, it already having been explained how the
ilsing circuits of the repeaters function. I
1 also be explained how the alarm and busy
verification circuits operate, keeping in mind the
previous circuit description.

Bince, in the above explanation, it was assumed
that the £all came over the trunk from exchange
A to exchange B and connector 17 was used, it
will be obvious that there would be no reason
for dialing #1 for the first digit on $he connecior
because this selects the level leading fo frunks
back to exchange A. However, when the call is
initiated in exchange A and connector 17 is used,
this connector will function for selecting loecal
lines in the manner previously described. If #1
is the first digit on a local call, then when this
digit is executed and (4-) is applied to conductor
XOH, the circuit is extended through s make

contact of counting relay Ci, the dotted con- !

nection, conduector HCI, leading to the winding
of relay HCI for operating this relay. A% this

oint it will be pointed out that connector {5
in exchange A extends this first digit executing
circuit by way of pulse absorbing conductor PA
to the lower winding of relay CRL for operating
this relay and sinece no HC relay is operated,
relay {TF is not operated, thus effecting the
release of couniing relay Ci, 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
8 “drop back” basis for digit #1 (which is the
case for conunector {8) the first digit #1 will be
cancelled for absorbing digits 1 and 1 to allow
the connector to then select level ¢ in response
to dialing 115 for a call from exchange A to the
manual exchange. Since connector 17 in ex-
change B holds on level 1 for the firs digit and
connector {3 in ewxchange A drops back from
level 1 for the first digit, level 0 is also selecied
by connector {§ for selecting a trunk to the
manual exchange on a call from a local subscriber
in exchange B.

Referring back to the operation of relay HCI,
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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 BY,
link release conductor LORL, make contact of
relay HCI, winding of marker relay {LO1, break
contact of relay 1104, break contact of common
lock-out relay CLO and resistor to (—). The
operation of relay {LO! closes a logking circuit
for itself including the winding of relay CLO
which is effective to operate relay CLC 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 {L.OI closes a circuit for operating allot-
ter relay 1ALG extending from (4, make con-
tact of relay 1LO1, break contact of guard relay
GD, break contact of allotter relay {AL and wind-
ing of relay |ALG fto (—). 'The operation of
relay {ALG closes an obvious circuit for opsrat-
ing relay GD which transfers the (ALG relay
circuit from its operating to its locking ecircuit
including make contact of relay GD, break con-
tact of relay {AL, make contact and winding of
relay {ALG to (—).

There is a pair of allotter relays {AL and {ALG
for each trunk circuit, only one of these being
shown. Since it is assumed that trunk #1 is
idle, the operation of relay {ALG as a result of
trunk #1 being marked, completes a circuit for
operating units connector relay UC{ extending
from (4), make contact of relay ILOI, make
contact of relay {ALG and winding of relay UC!
to (—). Relay UC! closes a locking circuit for
itself extending from (+), make contact of relay
BSA, conducior STEK, make contact and winding
of relay UCH to (—). Since relay UC{ is oper-
ated and relay 2TF is not operated, () ocn con-
ductor STK is extended by way of conducior
UCSTK, 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 4T and 4R, make contacts of relay
UCH, make contacts of relay HCI, conductors T
and iR, right-hand windings of the repeat coil
associated with repeater 3, break contacts in
series of relays 2SAP 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 ang releases relay CB which in turn
opens up and releases relay SA. Before relay
SA of the connector releasss, (+) is extended
back from repeater {3 by way of conductor {S and
make contacts of relays HC! and UCH, conductor
43, make contacts and winding of relay L.CO o
(—) for locking this latter relay under the con-
trol of relay ISA of repeater 13, this latter relay
being operated when relay CB of this repeater
operates.

Relay LCO of the connector maintains (1)
on conductor ISTE for holding line finder {5 in
connection with the calling line, it extends (<)
on conductor 43S 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 3AL for marking
this connector in the allotter circuit as being in
use. The line finder and 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 Pigs. 2 to 4, inclusive of Powell
Patent 2,325,877.
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Tt will now be explained how the connector cir-
cuit functions to provide the delayed ring feature
on a toll eall, 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 & 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
{4, make contact of relay TL of Fig. 4, conduc-
tor 3TL, through the line finder i85, 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-
jease 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-
1leases 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-
cuit for operating relay TL before the station
digit is transmitted, a circuit is closed for oper-
ating test relay TT of the connector which ex-
tends from (+), make contact of relay SA, break
contact of relay CHO, executing conductor EX,
make contacts in series of relays {TF, 2TF and
37TF, conductor £3, make contact of relay TL,
conductor 47, break contact of relay BY, con-
ductor 46 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
Jocal cali previously described. With relay TT
operated the ringing or station digit of the called
psrty 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.
1f a party on the called line should remove the
veceiver while the operator is working on the
connection, the clesed circuit across this line is
extended by way of conductors 4T and 4R, make
contacts of relay 'T'T, 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 bhack 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 %o signal the called station, the impulse
or impulses transmitted to select this station
effect the operation of relay CB for closing a cir-
cuit at the first release operation of relay CB
for operating relay RIL This ecircuit extends
from (-), make 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 ringing circuit to the called line. The cir-
cuits now function in the previously described
manner for tripping the ring and for operating
relay AR, 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 manual office to a station in automatic ex-
chsnge B, when relay AB of the connector re-
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 ## to a comparatively high
value for operating relay AB of repeater 2.
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 POL: of repeater {3 is operated. The
polar relay in repeater {{ then increases the
current fiow in the dial leg leading to the manual
office for operating an AB relay in this repeater
or functions in any other desired manner 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
hattery connection to repeater {3 for releasing
relay POL, which again inserts the resistance in
series with relay PL and dial leg #1{ for releas-
ing relay AB, this latter relay straightening out
the battery connection back to repeater {i, ete.

Vhen the operator releases the connection, re-
lay CB of repeater i2 in automatic exchange A
is released for effecting the release of relay {SA.
The release of relay OB opens up dial leg #i for
de-energizing this conductor leading to exchange
B. This effects the release of relay PL of repeater
{3, which in turn releases relays 2SA and 2SAP.
The release of relay PL also opens up the right-
hand portion of the repeat coil circuit of repeater
{3 for opening up the incoming line circuit and
releasing the connection in exchange B. The
release of relays CB of repeater {2 and repeater
i3 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. 24, 2B, 3 and 4,
it will now be explained how the alarm signal is
transmitted from either automatic ofiice to the
manual office. It is customary to provide two
alarm relays, such as {A and 2A in these auto-
matic exchanges for operating in response fo
minor and major alarms. it is not believed
necessary to show just how these {A and 24 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 tA or 2A in automatic
exchange A disconnects dial leg #4 from the
upper winding of relay 2BV and connects this
dial leg to the lower winding of relay 2BV. This
deenergizes the normally energized #4 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 lafter 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 exchangé A or-sutomatic exchange B
and she can dial up specidl numbers in these
offices to determine the location and the type of
the trouble which exists. This dialing up ecir-
cuit is not shown, since it forms no part of the
present invention. When proper attention has
heen given to the signal, the release key may he
momentarily operated for relessing relay SO,
relays {AM and {AMP being restored to their
normally energized conditions when the dial leg
#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-énergizes 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
manua] exchange for bringing in the dlarm lamp
in the previously described manher. When the
trouble condition is cleared up, dial leg #4 is
again energized for eperating relay 2AM, which
in turn operates relay 2AMP for in turn re-ener-
gizing dial leg #4 for again operating relays 1AM
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 TL 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 manusl exchange to a
lecal subscriber in automatic exchange A. Since
the trunk between the manual exchange and
automatic exchange A extends through repeater
{1 and terminates on its own line circui$, the call
to the connector may be marked as coming from
a toll line by simply extending (4-) by way of
a conductor corresponding to 3TI. of Fig. 5 to
connector {§. With (4) 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 17 in dutomatic exchange B, this
feature need not be explained. in connection with
conmector 1§ because it operates in exactly the
same manner in exchange A as it does in ex-
change B. 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 & subscriber in exchange A and a cail from
the toll operator in the manual exchange.

When the toll operator plugs into the trunk
jack, the line finder (4 extends the connection
to connector {6 and the operator dials #8 for
selecting & trunk to exchange B. Since-connector
18 -switches through: on level 8’ (in a: manner sim-
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ilar to the switching through function on level 1
for connector {1, 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 12 re-
peats these impulses over dial leg #! between
exchanges A and B for operating relay PL of
repeater 13 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 #4 dial leg of the composite
set between the manual exchange and exchange A
is normally energized for maintaining relay iAM
in the manual 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 #4 dial leg between exchange A and
the manual exchange because of an alarm con-
dition in exchange A or because the #4 dial leg
hetween 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 #8,
the CX repeater 12 is selected. This selection
effects the operation of relays CB and ISA and
the release of relay {SAP of repeater 12. 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 {1, through line finder {4
and connector 16, conductor TL, make contact
of relay ISAP, make contact of relay ISA, con-
ductor 2¢ and lower winding of relay 2BV to (-+).
This operates relay 2BV, it being understood that
this operation is not effected on a call from a local
line in exchange A because this liné does not
carry the eircuit from (—) through to conductor
TL of repeater {2,

The operation of relay 2BV disconnects the #4
dial leg between exchange A and exchange B from
the high resistance relay 2AM and connects it
to direct (4-) at a make contact of normally ener-
gized relay 2AMP. This connection $o direct (+>
operates relay 3BV in exchange B over dial leg
#4 between exchanges A and B by way of the
upper winding of relay 8BV to (—). Since this
is only a momentary pulse on dial leg #4, relay
2BV will only be operated momentarily. At the
same time that relays CB and {SA of repeater
{2 in exchange A are operated, the #1 dial leg is
energized for operating relays PL, 25A and 2SAP
of repeater {3 in exchange B, all in the previously
described manner. This effects the operation of
line relay LR of the incoming line circuit in ex-
change B for marking this line as the one to be
found by line finder 15 and extends the connection
to connector 7.

With line relay LR of the incoming line cir-
cuit operated at the same time that relay 3BV is
operated, a circuit is closed for operating relay
TL of this incoming line circuit which may be
traced from (4-), make contact of relay LR, lower
winding of relay TL, conductor 24, make contact
of relay 8BV and resistor to (—). Relay TL 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 & local line in
exchange A will not operate relay 3BV, conse-
quently relay TL of the incoming line ¢ircuit 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 TL, in ifs oper-
ated position, marks this incoming line cireuit as
one coming from the manual toll board by ex-
tending (-+) over conductor 3TL to connector I1.

Referring now to connector {7, 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 (4) on con-
ductor 3TL. With relays BY and TL operated,
busy tone is connected to the line cireuit incoming
to connector 17 and is heard by the toll operator.
With relays TL and BY operated, the operation
of the dial effects the intermittent operation of
relay CB, but no other relays of the connector
link are operated in response to these dial im-
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 BV and dials #1.
The operation of key BV operaies relay IBV, since
a connection to (+) is applied to key BV when
any sleeve relay SL is operated. The operation
of relay 1BV switches dial leg #4 from high resist-
ance relay I-AM to direct (+) for energizing this
dial leg extending to exchange A, which operates
relay 2BV by way of its upper winding. Relay
9BV 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 38V is oper-
ated, therefore a circuit is closed from (4, break
contact of relay LCO 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 84, upper winding of relay
4BV, conductor 25, make contact of relay 3BV and
resistor to (—). This operates relay 4BV and
this relay in turn cleses a locking cireuit for it-
self extending from (), break contact of relay
1.CO, make contact of relay BY, make contact and
lower winding of relay 4BV 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 4BV, conductors
4T and 4R and make contacts of relays UCH and
TCIH, 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 connsaction removes (4) from the called
sleeve 48 of the connector used by the toll operator
and this is effective to release relay BY, since
the operation of relay 4BV switched the locking
cireuit for relay BY from (1) controlled by relay
SA to (1) on the called sleeve conductor.

The release of relay BY opens up the locking
circuit of relay 4BV for effecting the release of
this latter relay. With relays BY and 4BV re-
leased, (4-) is applied to the sleeve of the called
line (48) for making this line busy and for oper-
ating the cut-off relay of this line. This circuit
extends from (4), make contact of relay SA,
break contacts of the make before break com-
binations of relays 4BV and BY and make con-
tact of relay 3TF to conductor &S. This places
the eircuits of the connector link in condition

for responding to the station digit, which is now
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dialed by the operator, or 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 incliding
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 dialled, and
means responsive to the establishment of a con-
neection 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.

9. In 5 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 gaid 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 fo 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 preventing 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
impulses 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 connecter 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-
ating the connector to extend a connection to
said called line, g relay in said connector, means
effective only when the connection is established
to said connector 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. s

5. In a telephone system, a connecior, a trunk
line accessible to said connector, a called party
line, a first or a second path over which a con-
nection can be made to said connector by way of
said trunk line, 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 associated with said con-
nector, means controlled over either path for
directively operating said device in response o
a station selecting digit, a relay in said connector,
means effestive 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 ealled
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
transinitter associated with each of said lines,
an impulse 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-
ive to a first digit comprising a first number
of impulses 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 com-
prising a second numper of impulses effective
when sald jumper is connected in one of said
positions for causing said connector to select an
idle one of said trunk lines, and means in said
control apparatus responsive to a first digit com-
prising said second number of impulses effective
when said jumper is connected in another of
sald positions for causing said connector to drop
hack.
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7. In a telephone system, a plurality of lines
including party lines, & plurality of trunk lines,
an impulse transmitter associated with each of
said lines, an impulse responsive eonnector hav-
ing access to said lines, means for extending g
connection from a calling one to a called one
of said pluralities of lines via said connector, said
connector including control apparatus responsive
to a series of digits transmitted thereto from one
of said impulse transmitters, each digit com-
prising one or more impulses, said control ap-
paratus 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 sysiem, a plurality of trunk
lines, an impulse transmitter connected to each
line, an impulse directed connector having aceess
to said plurality of lines and including control
apparatus responsive to a series of digits trans-
mitied thereto, each digit comprising one or more
impulses, means to extend a connection from 2
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 impuises,
effective when said jumper is connected o 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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