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This invention relates to telephone exchange
systems employing automatic switching and the
objects are to provide improved eircuit arrange-
ments for handling toll calls from a toll board
to subscribers’ lines in a dial office. Although
the toll board and the automatic switching
equipment may be in the same office, the present
disclosure contemplates the toll board in one
office and inter-connected to a distant dial office
by means of one-way trunks, one of which is
illustrated in the drawings and described in the
description. |

The main object of the present invention is
the provision of the various enumerated features
in a toll switching system in a simple and eco-
nomical manner.

A feature of the invention comprises applying
coin control potential at the toll board to the
inter-ofiice trunk, receiving this potential at the
incoming trunk ecircuit in the dial office, repeat-
ing the proper coin control potential at the
incoming trunk circuit to the called line by way
ol the connector switch and switching the called
line straight through the connector switch to
the trunk circuit. -

A further feature of the invention relates to
a connector, operated as above mentioned, which
will also function to automatically collect the
coin af the called station at the time the con-
nection is released. .

Other features of the invention not specifically
mentioned will be apparent from the following
description considered in connection with the
drawings in which:

Fig. 1 illustrates the outgoing trunk jack ter-
minating the illustrated trunk circuit at the toll

board, together with sufficient portions of the
cord and dial circuits to illustrate the various
circuit operations..

Figs. 2 and 3 illustrate the outgbing trunk

circulf repeater associated with the above men-
vioned outgoing trunk jack, this repeater ter-
minating the illustrated trunk circuit at the toll
office. |

Bigs. 4 and 5 illustrate the incoming trunk cir-
cult repeater which terminates the toll trunk at
the dial office.

Fig. 6 illustrates an incoming selector asso-
ciated with the incoming trunk circuit repeater.

And Figs. 7 and 8 illustrate a combination local
and toll connector which may be reached from
8 level of the incoming selector or from g level
of a local selector for selecting called line ter-

minals.
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2
Fig. 9 shows a line circuit and an associated
automatic paystation in the dial office.
For the purpose of simplifying the illustrations
and facilitating the explanation, various parts and
circuits constituting the embodiment of the pres-
ent invention have been shown diagrammatically

and certain conventional illustrations have been

employed, the drawings having been made more
with the purpose in mind of making it easy to
understand the operation. of the circuits than
illustrating the specifie construction and arrange-
ment of parts that would be employed in prac-
tice. For example, the various relays and their
contacts are illustrated in a conventional man-
ner with symbols used to indicate the connec-
tions with the terminals of batteries or other
sources of current, instead of showing all the
wiring connections to these terminals. The
relays are given reference characters where POS-
sible to indicate the mode of operation in the
circuit. For example, relay CB is the calling

bridge relay, relay RD is the release delay relay,
and relay XD is the delay relay following the X

operation of the switch. Plus and minus Sym-
bols () and (—) are employed to indicate the
positive and negative terminals respectively of
the usual central office common battery instead
of using the ground and battery symbols fre-
quently found in telephone circuits, it being
understood that the () terminal is connected
to ground. The reference characters 110— and
104 refer fo coin return and coin collect po-

tentials respectively, it being understcod that

these connections are common to the illustrated
equipment and are used for coin control pur-
poses. The contacts of the various relays are
located at various distances from the block rep-
resenting the winding of the associated relay
and those contacts controlled by a relay are indi-
cated as being associated therewith by means of

a dashed line.

With this general description of the objects

of the invention and the apparatus involved in

mind, a detailed description of the operation
under various conditions will now be given. It
will be convenient to give several examples of
the circuit operation, such as a toll call to an idle

line, delayed ring, ring start, re-ring, ete.

Local call through connector

Since the features of the present invention re-
late to toll connections, it is not believed neces-
sary to describe the detailed operation of the
combination connector when used on a local |
call. It need only be pointed out that the CHS
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conductor, leading to the connector, 1s not ter-
minated at local selector banks. Consequently,
there is no operation of the TL relay in the con-
nector on a local call, thus preventing the opera-
tion of the RT relay on this type of call until
the call is answered. To clarify this operation,
it will be later pointed out how the TL: relay op-

erates and locks the RT relay in the connector
to hold off ringing the called line until the op-
erator, on a toll call, rings over the trunk circuit.

Toll call to idle line

10

When the toll operator, in response to a call

for a station reached by means of the illustrated
inter-office trunk, plugs into the outgoing trunk
jack associated with this trunk, a circuit is closed
for relay SL of the cord circuit and relay A of
the outgoing trunk circuit which may be traced
from (-+), lower high resistance winding of re-
lay A, sleeve conductor S, sleeve contacts of jack
and plug and winding of relay SL to (—). This
circuit is closed in the event that the outgoing
trunk jack is directly connected to an outgoing
trunk circuit. In some installations there will
be one or more selectors interposed between the
outgoing trunk jack and ithe outgoing trunk cir-
cuit, in which event the outgoing trunk circuit
is not seized until one or more digits are dialed
for selecting the outgoing trunk. Where one or
more selectors are used, the above-mentioned
circuit for relays SL and A are closed when the
outgoing trunk circuit repeater is seized, thus op-
erating relay A but, due to its marginal charac-

teristics, relay SL is not operated at this time. a5

When the dial is first turned off normal to trans-
mit the first digit after plugging into the out-
eoing trunk jack, a circuit 1s closed for operat-
ing dial relay DL which may be traced from
(+), make contact of the dial key (operated to
permit dialing operations), winding of relay DL,
break contact of relay DL, make contact ON of
the dial and resistor (8RS to (—). Relay DL
1ocks itself operated over g circuit extending from

() at the operated dial key, winding and make
When the dial key 4

contact of relay DL to (—).
is restored at the end of the dialing operation,
relay DL releases to disconnect the dial from

the cord.
When the outgoing trunk circuit is seized and

relay A is operated, an obvious circuit is closed

for operating slow acting relay |SA and this re-
lay in turn closes an obvious cireuit for operating
relay 2SA. The function of these two slow act-
ing relays will be explained in connection with

the condition where the toll operator disconnects o

while the called party is still on the line. Relay
A closes a circuit for operating relay L which
may be traced from (4), make contact of relay
A, break contact of relay ¥ and winding of relay
L to (—). With the plug in the jack, a circuit
is closed for operating relay C of the outgoing
trunk repeater which may be traced from (34),
winding of relay C, break contact of relay F, lower
left hand winding of the repeat coil RC, ring con-
ductor R, ring contacts of the jack and plug,
make contact of relay DL, impulse contacts of
the dial and resistor 18RS to (—). Since it is
well known how one or more selectors may be
operated over a dialing circuif, such as the one
illustrated, the selector operation in the originat-
ing office will be ignored in connection with this
description. With the dial oif normal a circuilt
is now closed for operating relay B which may
be traced from (), make contact of relay C,
winding of relay B, break contact of relay F, up-
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per left hand winding of repeat coil RC, trunk
conductor T, contacts of the jack and plug, make
contact of relay DL, off normal contacts of the
dial and resistor 18RS to (—). Relay B substi-
tutes () for the (+) applied at the make con-
tact of relay C for providing a holding circuit
for the B relay while relay C repeats the impulses
from the dial.

A closed circuit is now provided for the inter-
office trunk for operating relay CB of the incom-
ing trunk circult repeater, this circuit being

traced from (4), upper winding of relay CB of

the incoming trunk repeater, break contact of
relay LS, break contact of relay SR, break con-
tact of relay RGH, resistance R3, break contact of
relay CSI, break contact of relay L.S, another
break contact of relay LS, break contact of relay
o, tip trunk conductor TT, break contact of
relay K of the outgoing trunk repeater, make
contact of relay C, make contact of relay B, break
contact of relay F, make contact of relay B, lovwer
rieht hand winding of repeat coil RC, break con-
tact of relay H, break contact of relay K, ring
trunk line conductor TR, break contact of relay
CT, break contact of relay LS, lower left hand
winding of repeat coil RC, break contact of re-
lay CSI, resistor R4, break contact of relay RGil,
hreak contact of relay SR and lower winding of
relay CB to (—). Relay CB of the incoming
trunk repeater closes a circuit for operating re-
lay RD which may be traced from (4-), break
contact of relay CT, make contact of relay CB,
break contact of relay LS, break contact of relay
RS and winding of relay RD to (—).

The line circuit to the incoming selector as-
sociated with the incoming repeater is NOwW closed
for operating relay CB of this selector, this cir-
cuit peing traced from (), overflow contact 20
of the incoming selector, break contact of relay
<D, upper winding of relay CB, break contact of
relay SW, trunk conductor T, break contact of
relay CT, break contact of relay SW, make con-

tact of relay CB, break contact of relay SW, make

contact of relay RD, break contact of relay CT,
trunk conductor R, break contact of relay SW
of the selector and lower winding of relay CB
to (—). Relay CB of the selector closes an ob-
vious circuit for operating relay RD and relay
RD closes a circuit for operating relay XD which
may be traced from (), Ofi normal contact
| XON, make contact of relay RD and lower wind-
ing of relay XD to (—). Relay RD applies (4)
to conductor S leading back to the incoming re-
peater for holding circuits that will be later de-
scribed. |

The incoming selector shown in Fig. 6 is of the
digit canceling type. Since this particular op-
eration of the selector is immaterial for an un-
derstanding of the present invention, it will nobt
be explained at this time. For a complete under-
standing of the digit canceling operation, ref-
erence is made to Fig. 4 of copending applica-
tion Serial No. 149,072, filed March 11, 1950, and
assiecned to the same assignee as the present in-
vention.

The control of the HS conductor leading from
the HS relay of the incoming trunk and extend-
ing through the selector to the connector forms
an important feature of the present invention,
consequently the circuit conditions of this con-
ductor will be pointed out from time to time as
the description progresses. With the circuilt op-
eration up to the present point, (4) potential s
applied to the HS conductor at both ends, this
() extending through both windings of the HS
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relay of the incoming repeater to the HS con-
ductor at this repeater, while (+) is applied to
the other end of the HS conductor throush re-
sistor 12RS, overflow contact {OF and break con-
tact-of relay SW.of the selector.

The circuits are now in condition for respond-
Ing to the digit dialed for operating the incoming
selector. As the dial returns to normal, the im-
pulse <contacts are mmvermittently opened for
opening up the above described circuit including
relay C of the outgoing repeater, thus causing re-
lay C to intermittently release in response to the
dizled impulses. The intermittent release of re-
lay C opens up the above described circuit includ-
Ing the interoffice trunk conductors for intermit-
tently releasing relasy CB of the incoming re-
peater. Relay RD of the Incoming repeater re-
mains operated during the Impulsing of the asso-
ciated CB relay, due to its slow acting characier-

Istics. The intermittent operation of relay TR of ¢

the incoming repeater opens up the above de-
scribed ecircuit including eonductors T and R
leading to the selector for infermittently operat-
ing relay CB of the selector in accordance with
the impulses of the dialed digit. The first release
of relay CB of the incoming selsctor closes a clir-
cuit for the X magnet of this selector which may
e traced from (4-), break contact of relay CB,
make contact of relay RD, make contact of relay
AD and winding of magnet X to (—). The Upper
winding of relay XD is in multiple with the X
magnet so that this relay receives pulses during
the stepping of the selector switch and, due to
its slow acting characteristics, it remains operated
until the termination of the digit at which time
it is released. -
RrReferring back to the incoming repeater, the
1rst release of relay CB closes a circuit for oRer-
ating relay TM extending from ( +), break con-
tact of relay CT, break contact of relay CB, break
contact of relay IS, make contact of relay RD
and winding of relay TM to (—). Since relay
TM is of the slow release type, it remaing operated

i
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until the end of the digit at which time it is re-

leased. Relay TM switches the circuit lTeading to
both windings of the HS relay from ¢ -+) to (—)
at a make contact of relay RD. Since relay HS is
differentially connected, this switch from (<4-) to
(—) energizes its lower winding and its upper
winding (by way of the previously described LS

congductor) in opposition so that the IS relay is

not operated at this time. This energization of
the HS conductor is of no effect in connection
with the selector operation hut it is effective when
the combination connector is operated, such oper-
ation being later described.

When relay XD of the incoming selector re-
leases to mark the end of the digit, a cireuit is
closed for operating relay HA which may be
traced from (--), make contact of relay RD.
break contact of relay XD, off normal contacs
¢XON, XX wiper and terminal to which con-
ductor M is connected, off normal contact 1 YON,
winding of relay HA, resistor 14RS, break con-
tact of relay HA and break contact of magnet 7
to (—). Relay A is rendered fast to operate be-
cause its normally closed break contact-short cir-
cuits resistor 15RS to provide a high current flow
Ior mitially operating relay HA. Relay HA tloses

a locking circuit for itself extending from (--),

make contact of relay RD, break contact of relay
=W, make contact of relay HA, break contact of
magnet Y and winding of relay HA tc (—) over
the previously described circuit. A circuit is now
closed for gperating the Y stepping magnet which
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may be traced from (-4-), make contact of relay
RD, break contact of relay SW, make contact of
relay HA and winding of magnet Y to (—). "The
operation of magnet Y opens up the above de-
scribed cireuit to relay HA for effecting its release,
which in turn opens up the above described cir-
cuit for magnet Y for effecting its release. It is
not believed necessary to describe the trunk
hunting operation of the Incoming selector when
busy trunks are encountered, this operation being
fully deseribed in the above mentioned applica-
tion Serial No. 149,072.

When the selector finds an idle trunk, relay SW
1s operated (this relay being primed by energizing
its lower winding by way of 5 make contact of
relay CB to make it fast operating) over a circuit
extending from (4-), make contact of relay RD,
brealr contact of relay XD, off normal contact
2X0ON, wiper XX and its terminal to which con-
ductor M is connected, off normal contact I1YON,
Upper winding of relay SW, overflow contact 30F,
break contact of magnet ¥ and winding of relay
HaA to (=) over the previously described circuit.
It might be mentioned at this time that relay
HA is also rendered fast in its release operation

‘because its break contact inserts resistor I5RS in

series with its winding, thus reducing the cur-
rent flow after the relay has operated to a value
which is slightly gbove its holding value. The
operation of relay SW switches conductors T and
R from the windings of the CB relay to the wind-
Ings of the CB relay of the selected connector by
way of wipers ST and SR and conductors CT and
CR, thus releasing relay CB which in turn opens
up and releases relay RD. The closure of the CT
and CR circuit to the connector operates the CB
and RD relays of this connector in a manner pres-
ently to be described for extending {(-F) Dback
over conductor CS and thence by way of wiper
S5 and a make contact of relay SW to conductor
S leading to the incoming repeater for maintain-
ing (<) on this latter conductor during the con-

necticn. Relay SW of the selector is locked oper-

ated before relay RD of the selector is released,
this locking circuit extending from () coming
back over conductor CS and wiper SS, make con-
tact of relay SW, break contact of relay XD, off
normal contact 2XON, wiper XX, conductor M,
01l normal contact 1YON, upper winding of relay
SW, overflow contact SOF, break contact of mag-

net Y and winding of relay HA to (—) over the

previously described circuit. |
When relay TM of the incoming repeater is
reieased at the termination of the first digit, the
HS -conductor is switched back to () at this
repeater, thus placing (4) potential on both ends
of the HS conductor for maintaining this con-
ductor de-energized. This conductor is connected
to (--) at the connector, after the connector is
seized by the selector, by way of windings of the
TL relay in the connector and back contacts of

Trelays SW and AA.

When the connector is seized, the circuit for
operating the CB relay of this switch may be
traced from (), upper winding of the OB relay.
break contact of relay CS, break contact of relay
AB, conductor CT, wiper ST of the selector, make

contact of relay SW, conductor T, break contact

of relay CT of the incoming repeater, break con-
tact of relay SW, make contact of relay CB, break

contact of relay SW, make contact of relay RD,

break contact of relay CT, conductor R, make
contact of relay SW of the selector, wiver SR,
conductor CR, break contact of relay AR of the
connector, break contact of relay CS and lower
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winding of relay CB 10 (—). Relay CB closes &
circuit for operating relay RD extending irom
(4-), break contact of connector release magnet
7M, make contact of relay CB and winding of
relay RD to (—). Relay RD connects (4) 1o
master ground conductor MG of the connector for
controlling various circuit and relay operations
as will be later described. Relay XD of the con-
nector is now operated over & circuit extending
from (4-) on conductor MG, off normal contact
{XON and lower winding of relay XD to (—).
Relay YD is also operated at this time over a cir-

10

ouit extending from (4) on conductor MG, off

normal centact 3YON and lower winding of relay
vD to (—). Relay PD is also operated at this
time from (--) on conductor MG, off normal con-
tact IYON and lower winding of relay PD to
(—).

This places the civrcuits in condition for re-
sponding to the tens digit. The operation of the
dial for transmitting the impulses of the tens
digit is effective 10 operate relay B of the outgoing
trunk repeater when the dial is off normal and to
release relay B when the dial returns to normal,
with the impulses transmitted from the impuise
contacts of the dial being effective to intermit-
tently release relay C of the outgoing trung re-
peater, all in the previously described manner.
At each release of relay C the inter-office trunk
is opened for releasing relay CB of the incoming
trunk circuit, which in turn operates relay TM,

with relay RD remaining operated during tihe
digit transmission and with relay TM being re-
leased at the end of the digit, all in the previously
described manner. Relay CB of the incoming
trunk repeater repeats the digital impulses to the
connector by intermittently opening the trunk
conductors T and R leading from the incoming
trunk repeater through the selector o the CB
relay of the connector, thus relay CB of the con-
nector is pulsed in response to the tens digit.
During this pulsing of the CB relay of the con-
nector, relay RD is not released because of its
slow acting characteristics. The first release of
relay CB of the connector closes a circuit for
the X magnet of this switch for advancing the
switeh in its X or primary direction, this circuit
being traced from (), preak contact of magnet
7M, break contact of relay CB, make contact of
relay RD, make contact of relay PD, make con-
tact of relay YD, make contact of relay XD,
make contact of relay YD and magnet XM t0
(—). The upper winding of relay XD is con-
nected in multiple with magnet XM, thus the im-
pulses applied to the X magnet maintain relay
XD in its operated position until the end of the
impulse transmission for the tens digit, at which
time relay XD is released.

Since this is a toll call, relay TL of the con-
nector is operated at the beginning of the tens
digit and released at the end of the tens digit.
The circuit for operating relay T, may be traced
srom (4-), break contact of relay AA oi the con-
nector, break contact of relay SW, lower winding
of relay TL (the upper winding being short cir-
enited at this time), conductor CHS, selector
wiper SHS, make contact of relay SW, conductor
HS, break contact ol relay CT, upper winding of
relay ES of the incoming trunk repeater, make
contact of relay TM and make contact of relay
BD to (—). This circuit does not operate relay
1S of the incoming trunk repeater becguse it
is differentially energized at this time. Relay
TI. of the connector operates to close a circuit

for operating the ringing irip relay which may be
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from (<) on conductor MG, make contact
of relay PD, make contact of relay TL and lower
winding of relay RT to.(—). When relay TL is
released by the release of relay ™™ of the in-
coming trunk repeater at the termination of the
tens digit, relay RT is locked operated over & cir-
cuit extending from (+4) on conductor MG, break
contact of relay TL, make contact and lower
winding of relay RT to (—). It will be under
stood that relay TL of the connector is released
ot the end of the tens digit because relay TM

connects (<) to the HS conductor for de-ener-
gizing the lower winding of relay TL.
The units digit is Now transmitted, the im-

pulses from the dial operating the C and B relays
of the outgoing trunk repeater in the previously
described manner for transmitting the units
digital impulses over the inter-office trunk, for
impulsing relay CB of the incoming trunk re-
peater, for operating relay TM at the beginning
of the digit and for releasing this relay at the
end of the digit, all in the previously described
manner. Relay CB of the incoming trunk re-
peater pulses the T and R conductors leading to
relay CB of the connector for causing this relay
to repeat the pulses of the units digit. Relay
71, of the connector is again operated, by means
of the previously described circuit, at the be-
ginning of the digit and released at the end of
the digit. The release of relay CB closes @ Cir-
cuit for operating the Y or secondary stepping
magenet which may be traced from (<4-), break
contact of magnet ZM, break contact of relay CB,
make contact of relay RD, make contact of relay
PD, make contact of relay YD, break contact of
relay XD and winding of maegnet YM to (—).
The upper winding of relay YD is connecsted m
parailel with magnet YM, thus maintaianing relay
vD in its operated position until the end of the
units digit, at which time relay ¥D is released.
At the first Y step of the connector switch, the
previously described operating circuit for relay
PD is opened but a first locking circuit is closed

 for this relay which may be traced Irom ()
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on conductor MG, make contact i YON, make
contact of relay PD, break contact of relay SW,
break contact of relay XD and lower winding of
relay PD to (—). When relay TL operates at
the beginning of the units digit, the above de-
seribed locking eircuit for relay RT is opened
but the previously describead operating circuit for
this relay is closed for maintaining the relay
energized until the end of the units digit, at
which time the locking circuit for relay RT is
again closed.

The station digit is now transmitted from the
dial at the toll operator’s position, with relays C
and B of the outgeing trunk repeater being oper-
ated to repeat the impulses of this digit over the
inter-office trunk for causing relay CB of the in-
coming trunk repeater to repeat the impuises
over the trunk conductors leading to the con-
nector. Relay TM of the incoming trunk re-
peater is operated and released as beifore for
operating and releasing relay TL of the connec-
tor. The release of relay CB of the connector at
the heginning of the first impulse of the station
digit closes a circuit for operating relay XD ex-
tending from (4, break contact of magnet ZM,
preak contact of relay CB, make contact of relay
RD, make contact of relay PD, break contact of
relay YD, another break contact of relay YD
snd uprer winding of relay XD to (—). Relay
<D closes a locking circuit for ifse.f extending
from () on conductor MG, off normal contact
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I'YON, make contact of relay PD, break contact
of relay SW, make contact and lower winding of
relay XD to (—). Relay XD opens the first lock-
ing circuit of relay PD but relay TL (operated)
closes a second locking circuit for relay PD ex-
tending from (--) on conductor MG, make con-
tact of relay TL, make contact and lower wind-
Ing of relay PD to (—). A thirg locking circuit
1s closed for relay PD while relay CB is relegssed
which extends from (4-), break contact of mag-
nes ZM, break contact of relay CB, make contact
of relay RD, make contact of relay PD, break con-
tact of relay YD and upper winding of relay PD
to (—). 'The release of relay TL at the end of
the station digit closes the above described lock-
g circuit for relay RT so that this relay re-
mains operated at the end of this digit. With
relay CB operated, with relay TIL released and
with relay XD operateg the third, second and
first locking circuits for relay PD are opened
for releasing this relay. The release of relay PD

10

20

opens up the above described locking circuit for

relay XD for releasing this relay.

Line seizure

Assuming that the called line is idle, relay SW
of the connector is operated at the end of the
station digit over a circuit which may be traced
trom (), make contact of relay RD, break con-
tact of relay BT, lower winding of relay SW,
break contact of relay XD, break contact of re-
lay PD, wiper S and terminal of the called idle
line to (—) through the winding of the cut off
relay of the called line circuit (not shown) to
(—). Relay SW applies (<) to wiper S for mak-
ing the called line busy and for operating the
cut off relay associated with this line. Relay SW
aiso closes a locking circuit for itself extending
from (4) on conductor MG, make contact and
upper winding of relay SWto (—). |

When the operator restores the dial key of the
cord circuit, relay DL is released, thus discon-
necting (—) from ring conductor R leading to
the outgoing trunk repeater for releasing relay
C. The tip conductor T is also open at thig time
for releasing relay B. When relay SW of the con-
nector operates, the CHS conductor is switched
fIrom (4) to (—) for closing an operating cir-
cuit for relay HS of the incoming trunk repeater,
this circuit being traced from (<), break con-
tact of relay TM, upper winding of relay HS (the
lower winding of this relay now being short cir-
cuived), break contact of relay CT, conductor HS,
make contact of relay SW of the selector, wiper
SHS, conductor CHS, both windings of relay TL
to (4), a branch circuit being now extended
through a make contact of relay SW, a break con-
tact of relay AA and a make contact of relay
RD to (—), This energizes both windings of re-
lay TL: in opposition so that this relay is not oper-
ated at this time. Relay LS of the incoming
trunk repeater is now operated over a circuit ex-
tencing from (4) on conductor S, make con-
tact of relay HS and winding of relay LS to (—).
Relay LS closes a locking circuit for itself ex-
tending from (4-) on conductor 8 and a make
contact of relay LS to the winding of this relay,
ohis circuit being independent of the make con-
tact of relay HS, thus holding relay LS operated
:ndependent of the operation of the HS relay.
Relay SW of the incoming trunk repeater is now
operaved over a circuit which may be traced from
a () pulse on the common 120 I. P. M. con-
ductor, lower winding of relay SW, make con-
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tact of relay HS, break contact of relay SW and
make contact of relay RD to (—). Relay SW
closes a locking circuit for itself extending from
(-+), upper winding of relay SW, make contact
of relay SW and make confact of relay RD to
(—). The lower winding of relay SW is opened
at 1ts break contact. = |

The operation of relay LS of the incoming
trunk repeater reverses the trunk cireuit con-
auctors TT and TR thus reversing the battery
back over the trunk to the outgoing trunk re-
peater, The trunk is now energized by way of
& circuit which may be traced from (-+), upper
winding of relay CB of the incoming trunk re-
peater, rectifier R¥4, break contact of relay SR,
break contact of relay RGH, resistor R3, break
convact of reisy CSI, upper left hand winding
o1 repeat coil RC, make contact of relay LS, break
contact of relay CT, inter~office trunk conductor
IR, break contact of relay K of the outgoing
trunk repeater, break contact of relay H, lower
right hand winding of repeat coil RC, break con-
tact and lower winding of relay E, upber right
hand winding of repeat coil RC, break contact of
reilay B, make contact of relay A, break contact
of relay K, tip trunk conductor TT, break con-
tact of relay CT of the incoming trunk repeater,
make contact of relay LS, lower left hand wind-
ing of repeat coil RC, break contact of relay CSl,
resistor R4, break contact of relay RGIl, break
contact of relay SR and lower winding of relay
CB to (—). Relayv B of the outgoing trunk re-
Peater was primed by the operation of relay A
over a circuit extending from (-4-), make con-
tact of relay A, resistor 2R, and upper winding
of relay & to (—). Now when the current is re-
versed over ihe trunk line, as above described,
the current flow through the lower winding of
relay B is in the proper direction to assist that
in its upper winding so that relay E is operated.
The operation of relay E closes a make contact .
which short circuits resistor 2R, thus removing
Lhis resistance from the circuit of the upper wind-
ing of this relay so that relay E will remain oper-
ated by means of its upper winding Independent
of any current flow through its lower winding.
Relay R is inserted in the inter-office trunk cir-
cuit when relay E operates and opens up its inner
lower break contact for removing the short cir-
cuit from the winding of the R relay. Relay
1s operated in response to the operation of relay
ki over a circuit extending from (4-), make con-
tact of relay A, make contact of relay E and wind-
ing of relay F to (—). The operation of relay F
opens up the previously described operating cir-
cuit for relay L but this relay is not released at
this time because of a locking circuit extending
irom (4-), make contact of relay A, make contact;
of relay E, make contact of relay G (operated by
means of an obvious circuit closed by the oper-
ation of relay R), make contact and winding of
relay L to (—). Relay P is now operated over
a circuit extending from (), lowermost break
contact of relay N (it being assumeg that the X
connection instead of the Y connection is used
in this circuit), make contact of relay G, break
contact of relay J, make contact of relay F and
winding of relay P to (—). The operation of
relay P closes a circuit from (4-) through the
low resistance upper winding of relay A to the
sleeve conductor leading to the trunk jack and
cerd circuits, the current flow in this circuit be-
Ing sufficiently high' to operate margina] relay
SL: in the cord circuit for closing an cbvious cir-
cutt to signal lamp SIG, thus giving the operator

e
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5 visual sienal that the called line has been seized
and that ringing may be effected at any time.

Delayed ring

Thase circuils are So arranged that the opera-
tor may seize the called line, In the manner just
deseribed, hold of the ringing operation until
she is ready to signal the called station. This
is efinciive hecausct relay RT of the connector
has Geen operated snd locked as previously ex-
pizined. The operator may leave the connection
1 this condition and work on the other portion
of the toll cord circuit, for example, before ring-
ing the called station. In the event that the
called station, or another <tation on thke called
line, if it is a party line, removes the receliver,
tina operator will gev a sienal to this effect. This
is accomplished because the called line circuit
is extended through connector wipers T and R
tn the windings of relay AB. This circult may
be traced from connector wiper 'L, make contact
of relay SW, break contact of relay CC, make
contact of relay RT, break contact of relay CS,
lower winding of relay AB and make contact of
relay SW to (+). The cireuit from the R wiper
extends through a make contact of relay SW,
preak contact of relay CC, make contact of relay
RT, another make contact of relay SW, break
contact of relay CS and upper winding of relay
ABto (—). |

Consequently, if a party on the called line re-
‘moves the receiver, relay AB 1S operated for clos-
ing a circuit for operating relay AA extending
from (-4-), make contact of relay AB, make con-
tnot of reley SW and winding of relay AA to (—).
Relay AA switches the apove described circuis,
including conductor CHS, irom (—) (at a make
contact of relay RD) to () at a make
of relay AA. This means that (4) is applied
to both ends of the H3 conductor, since relay
- 7M of the incoming frunk repeater is released a.t
this time. Therefore, relay HS of the incom-
ing trunk repeater 1s released for closing a cir-
cuit for operating relay Sk extending from (4,
break contact of relay CT, make contact of re-
lay CB, make contact of relay RD, break contact
of relay HS, make contact of relay RD, make
contact of relay LS and winding of relay SR to
(—). The operation of relay SR disconnects
the inter-office trunk conductors from the above
described circuit leading to the CB relay. Re-
lay SR places a closed circuit across the CB re-
lay, including resistor RIi, to prevent the release
of this relay under this condition. The tip trunk
conductor TT may now be traced through a
nreak contact of relay C'T, make contact of re-
lay LS, lower left nand winding of repeat coil RC,
nreak contact of relay CSi, resistor R&, break con-
tact of relay RGI, make contact of relay SR,
resistor B2, break contact of relay RS, break con-
tact of relay CS, winding of relay RS (high re-
sistance, 6500 ohms, for example) make con-
tact of relay RD, make contact o1 relay CB and
break contact of relay CT to (4-). The ring
trunk eonductor TR may now be traced throuagh
5 break contact of relay CT, make contact of
relay LS, upper left hand winding of repeat coil
RC, break contact of relay CS {, resistor R3, make
contact of relay LS, winding of relay CS (high
vesistance, 6500 ohms, for example), resistor RY
and break contact of relay RG to (4+).

It will thus be seen that the inter-oiice trunk
is switchad from a wet to a dry condition when
o, party removes the receiver on the called line,

sinee the trunk circuif is nos energized under this
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condition, both sides of which
through high resistance colls.

tion of the inter-office trunk effects the release
of relay R in the out-going trunk repeater, which
in turn opens up and reieases relay & which in
turn opens up the above described locking cir-
cuit for relay L for effecting the release of this
relay. Relay L released and relay P released
removes (4) from the low resistance winding of
relay A, thus inserting the high resistance wind-
ing of this relay in the sleeve circuit for re-
leasing relay Si: of the cord circuit, which in furn
extinzuishes lamp SIG {0 aive the operator a
visual indication that a subscriber on the called
line has removed the recelver. It will be under-
stood that relay A of the outgoing trunk repeater
is not released under this condition hecause of 2
cireuit through its lower high resistance winding
to (+). The operator may, of course, g0 In on
the party on the called
line the proper instructions under this condition.

extend to ()
This dry condi-

Ring start

With the circuits in the condition above de-
scribed, that is, an idle called line selected, the
operator may start the rinzing of the called sta-
tion when she is ready to signal this station by
operating the ring kKey associated with the cord
cireuit. This key operation applies (—) through
the resistance coil to the ring side of the cord
and jack circuit by way of a break contact of
relay DL. This circuit may Nnow be traced by
way of conductor B, lower left hand winding of
the repeat coil RC of the outgoing ftrunk re-
peater, make contact of relay F, break contact
of relay H, raake contact of relay F and winding
of relay X to (4-). Relay K operates and switches
the inter-office trunk conductors from the circuit
leading into the outgolng trunk repeater to
oround and generator, the generator conductor
being connected to trunk TR and the ground con-
ductor being connected to trunk TT. This oper-~
ing of the circuit into the repeater effects the re-
iease of relay R but relay G is nhot released bhe-
cause of g circuit to (4) for this relay at a
make contact of relay K. Relay K also applies
s holding circuit to relay L. The ground con-
nected to trunk conductor T extends through
the previously described circuits of the incoming
trunk repeater to the lower winding of relay CB
for holding this relay operated during the ringing
condition. The generator applied to trunk con-
ductor TR operates relay RG of the Incoming
trunk repeater over g circuit which may be traced
erom conductor TR, break contact of relay CT,
make contact of relay LS, upper left hand wind-
ins of repeat coil RC, break contact of relay CSH,
resistor R3, make contact of relay LS, relay RG
and rectifer R¥1 in multiple, condenser C4, make
contact of relay LS, resistor R4, break contact of
relay CSi, lower left hand winding of repeat coil
RC, make contact of relay LS, break contacy of
relay CT, conductor TT and make contact of re-
lay ¥ to ground. This operates the RG relay
whieh in turn closes an obvious circuit for oper-
atng relay RGH.

When the ringing key at the cord circuit is
restored, relay K releases for again energizing
and operating relay R. The release of relay
K also disconnects generator from the trunk
circuit for effecting the release of relays RG and
RG! of the incoming trunk repeater. At the
time of the RGI relay operation the circuit to
the OB relay is opened for effecting the release
of this relay and when relay RGl releases at
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the end of ‘the ringing signal, relay CB is again
operated. Relay TM is also operated over a cir-

cuit extending from (), make contact of relay
RGIi, make contact of relay RD and winding of
relay TM to (—). The TM relay is released when
relay RG{ releases to cpen up the above de-
scribed circuit. Relay RD is not released during
this ringing operation because of g circuit ex-
tending from (4-), make contact of relay RGH,
break contact of relay RS and winding of relay
RD to (—). The operation of relay TM switches
the HS conductor from (4) to (—) at a make

contact of relay R, thus holding relay HS op-
winding. This (—)

crated by way of its lower
applied to the HS conductor . extends fo the
lower winding of relay TL, of the connector and,
since this relay is now unbalanced it is operated

for opening up the above described locking cir-

cuit for relay R'T, thus eifecting the release of
this relay. The release of relay TM of the in-
coming trunk repeater, at the termination of the
ringing signal from the distant o ce, switches
the HS conductor back to ( —+) for releasing re-~
lay TL of the connector because this energizes
both windings of this relay in opposition, the
circuit to (—) extending through a make con-
tact of relay SW, break contact of relay AA and
& make contact of relay RD. With relays TL and
RT released, the called station is rung over a
circuit extending from the common generator
source GEN, upper winding of relay RT, break
contact of relay TL, break contact of relay RT,
break contact of relay CC, make contact of relay
SW, wiber R, over the called line circuit, wiper
I, make contact of relay SW, break contact of
relay CC and break contact of relay RT to (4.
At this time ring back tone is applied to the eall~
ing trunk over g cireuit extending from the com-
mon ring back tone conductor RBT, make con-
tact of relay SW, condenser C10, break contact
of relay RT, condenser C1, break contact of
relay AB, conductor CR, wiper SR of the selec-
tor, make contact of relay SW, conductor R,
break contact of relay CT, make contact of relay
RI), make contact of relay SW, right hand wind-
Ings of repeat coil RC, make contact of relay
SW, break contact of relay. CT, conductor 'T,

make contact of relay SW of the selector, wiper

ST, conductor CT, break contact of relay AB
of the connector, break contact of relay CS and
upper winding of relay CB to (1-). This tone
through the right hand windings. of the repeat
coil induces a tone in the left hand windings. of
this coil to which the trunk conductors are con-
nected, thus the operator in the distant office
hears the ring back signal.

Talk and supervision

When the called party removes the receiver to
answer the call, relay RT is operated, since the
upper winding of this relay is in the signaling
circuit connected to the called line. Relay RT

closes a locking circuit for itself extending from.
(-+) on conductor MG, break contact of relay

TL, make contact and lower winding of relay RT
to (—). Answering bridge relay AB of the con-
nector is now operated over a circuit including
the closed called line circuit, this circuit being

traced from (4), make contact of relay SW,

lower winding of relay AB, break contact of re-
lay CS, make contact of relay R'T, break con-
tact of relay CC, make contact of relay SW,
wiper T and over the called line and substation
circuits in series, wiper R, make contact of re-
lay SW, break contact of relay CC, make con-

(wbd

10

15

20

28

30

3b

40

45

50

55

60

65

70

75

i4

tact.of relay RT, make contact of relay SW, break
contact of relay CS. and upper winding of relay
AB to (—). It will be noted that relay AB re-
verses the battery back over the trunk conductors
to the selector which is in connection with this
connector. This reverse battery is of ng effect;
in connection with a toll call, since the battery is
extended back through the right hand windings
of repeat coil RC of the mcoming trunk repeater,
With no relay connected in this circuit. The re-
verse battery is effective in connection with g
local call, such a local call being by way of a
selector (not an Incoming selector) in another
sroup to which a calling line is connected which:
inay require reverse battcry for metering or su-
pervision purposes. Relay AR closes a circuit
for operating relay AA of the connector ex-
tending from (4-), make contact of relay AB,
make contact of relay SW and winding of relay
AA to (—~). Relay AA switches the HS conduc~
tor frrom (—) to (4 at its. uppermost make con-
tact. This results in (+) potential being ap-
pblied to hoth ends of the HS conductor, since
relay TM of the incoming trunk repeater is re-
leased at this time. Consequently, relay HS of
the incoming trunk repeater is released and relay
1L of the connector is released at this time:; The
release of relay HS of the incoming trunk re-
peater closes g circuit for operating relay SR
which may be traced from (), break contact
of relay CT, make contact of relay CB, make
contact of relay RD, break contact of relay HS,
make contact of relay RD, make contact of re-
lay I8 and winding of relay SR to (—). Relay
SR changes the inter-office trunk from a wet
to a dry coundition by disconnecting the windings
of the CB relay of the incoming trunk repeater
from the inter-office trunk conductors. |

It now becomes necessary to provide a substi~
tute holding circuit for the CR relay of the in-
coming trunk repeater. This holding circuit may
be traced from (+), upper winding of relay CB,
rectifier RP4, make contact of relay SR, resistor
Rt and lower winding of relay CB to (—). Since
the inter-office trunk is now in g dry condition
(no battery flow over the trunk) relay R in the
outgoing trunk repeater is de-energized and re-
leased. The release of relay: R opens up and
releases relay G, which in turn opens up and
releases relay P. Relay M is now operated over
& circuit extending from (4), make contact of
relay A, make contact of relay E, break contact
of relay G and winding of relay M to (—). Re-
lay M closes an obvious circuit for operating re-
lay N. The release of relay G Opens up the above
described locking circuit for relay L and, since
the operating circuit for the I, relay is open
at a break contact of relay F, relay L is released.
The release of relay I, disconnects (4) from
the low resistance winding of relay A for pro-
viding a high resistance circuit to relay SI, of
the cord circuit, thus releasing this relay and
extinguishing lamp SIG as an indication to the
operator that the called party is on the line. The
talking circuit is now established, with battery
being fed tao the ecalled line by way of the AB
relay windings of the connector circuit, with. the
called line circuit being connected to the right

hand windings of repeat coil RC of the incom-

Ing trunk repeater by way of condensers Cé and

CT of the connector, with the left hand windings

of the incoming trunk repeater repeat coil being

connected to the inter-office trunk -cireuit in

the terminating office, with the right hand wind-
ings of repeat coil RC of the outgoing ftrunk
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repeater
tors in the
hand windings of the outgoing trunk repeater
repeat coil being connected to the toll cord Cir-
cuit. It will be understood that a toll line cir-
cuit may be connected to the opposite cord (not
shown) of the toll board cord circuit. ==

Wwhen the called party hangs up the recelver,
relay AB 1S released for opening up and releasing
relay AA of the connector. The release of relay
AA switches the HS conductor back to (—) a%
the uppermost make contact of relay RD. Since
relay TL is Now differentially energized, it will
not be operated at this time.
incoming trunk repeater is energized by this
switeh in potential on the 1S conductor. The
operation of relay HS opens up and releases relay
SR, which in turn re-connects the windings of
relay CB of the incoming trunk repeater to the
inter-office trunk
inter-office trunk for operating relay R in the out-
eoing trunk repeater. Relayv R closes an obvious
circuit for operating relay G, and relay & closes
the above described circuit for operating reiay P.
The operation of relay P applies () to the sleeve
of the jack and cord circuits by way of the low
resistance winding of relay £ for operating relay
ST, of the cord circuit, this relay In turn clesing
the circuit for lighting lamp SIG as an indication
to the operator that the called party has hung up
the receiver. The operatlon of relay G opens up
and releases relay M and this relay in turn opens
up and releases relay N.

Re-ring

The circuits are now 1n condition for the oper-
ator to re-establish the ringing of the called line
if so desired. This Is brought about in the same
manner as the original ringing eircuit, previously
described. That is, the ringing key applies (—)
to the ring side of the outgoing trunk repeater
for operating relay K and this relay in turn
applies generator to the ring trunk conductor
and ground to the tip trunk conductor, the gen-
erator operating relay RG of the incoming trunk
repeater and the eround holding relay C5 of this
repeater to prevent release operations of the cir-
cuit. Relay RG closes an obvious circuit for
operating relay RGi and this relay in turn oper-
stes relay TM for switching the HS conductor
from (-+) to (—). This switeh in the HS con-
ductor operates relay TL, in the previously de-
scribed manner for opening up the locking circuis
of relay RT of the connector, thus re-establishing
the ringing circuit. The remainder of the circuit
operations, supervision and called station re-
sponse, are the same as previously described.,

Rrelease after called pariy has hung up

When the operator gets ihe above described
supervision indicating that the called party has
hung up the recelver, she may remove the plug
srom the trunk jack for effecting the release of
relay SL of the cord circuit and relay A of the
outgoing trunk repeater. This restores the cord
cireuit to normal and the release of relay A Opens
up and releases relays |SA and 2SA In sequence.
The release of relay A also effects the release of
relays E and F by removing (+) from the cir-
cuits of these relays at the uppermost maxe con-
tact of the A relay. The release of relay A also
opens up the inter-office trunk circuit for releas-
ing relay R, this relay in turn opening up and
releasing relay G. Relay I opens up and releases
relay P, thus the outgoing trunk repeater circuits

Relay HS of the

circuit, thus energizing the

being connected to the trunk conduc-
originating office and with the left
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are restored to normal and the inter-office trunk
conductors are opened ot the originating ofiice.

The openhing of the inter-office trunk at the
originating ofiice releases relay CB of the incom-
ing trunk repeater for opening up and releasing
relay RD, this relay in turn opening up and re-
leasing relay SW, thus restoring the incoming
trunk repeater circults to normal. Since relays
gw and CB of the incoming trunk repeater are
now released, the trunk conductors leading to the
connector are de-energized for effecting the re-
lease of relays CB and RD of the connector cir-
cuit. Relay RD disconnects (4-) from conductor
MG for releasing relays R'T and SW. The release
of relay SW disconnects (1) from connector
sleeve wiper S and the switch is released by means
of a circuit extending from (4-), break contact
of relay RD, break contacts in series of relays
RT, PS and CC, X and Y off normal contacts
9xXON and 2YON and winding of magnet ZM 1o
(—). When the switch ig restored to normal, the
% and ¥ off normal contacts are opened for de-
energizing magnet ZM, thus restoring the connec-
tor circuits to normal.

Relay RD of the connector disconnects ()
from conductor CS for rendering the connector
circuit idle (magnet ZM applies (+) to conduc-
tor CS momentarily for protecting the connector
circuit until the switch is completely restored io
normal) and for releasing relay SW of the incom-
ing selector. The release of relay SW closes an
ohvious circuit through break contacts of relays
RD and SW for releasing the selector switch, thus
restoring the selector to normal. This restores
211 circuits uged in the connection to normal, con-
ductor HS being connected to (4-) at both ends
for controlling operations in the previously de-
seribed manner in connection with the next call.

nelease before called pariy has hung up

From the above description it will be observed
that, due to the inter-office trunk being dry while
the called party is on the line, relay CB of the
incoming trunk repeater 1s energized locally and
not over the trunk circuit. This means that some
sdditional arrangement must be provided for
releasing the connection under this condition.
This release function is provided by the {SA and
2gA relays of the outgoing trunk repeater.

When the operator takes down the connection

under this condition, relay A is released for re-
leasing relays ISA and 2SA in sequence, as pre-
viously pointed out. When relay A releases and
nefore relay 2SA has released, (—) is connected

. to tip trunk conductor TT for operating relay

RS of the incoming trunk repeater over a circuit
which may be traced from (—), resistor 19RS,
make contact of relay 2SA, hreak contact of relay
A, break contact of relay K, trunk conductor TT,
hreak contact of relay CT of the incoming trunk
repeater, make contact of relay LS, lower left
hand winding of repeat coil RC, break contact of
relay CS1, resistor R4, break contact of relay
RG{, make contact of relay SR (operated at this
time to render the inter-office trunk dry), resistor
R2, break contact of relay RS, break contact of
relay CS, winding of relay RS, make contact of
relay RD, make contact of relay CB (held oper-
ated through make contacts of relay SR) and
whreak contact of relay CT to (4). Relay RS
operates and closes a locking circuit for itself to
(—) by way of its make-before-break contact and
over the previously described circult to (-+), this
circuit remaining closed until relay RD is re-
leased, the release of the RD relay being effected
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by the opening of the bregk contact of relay RS.
‘The release of relay RD effects the release of relay
SR.and the restoration of the cireuits of the in-
coming trunk repeater to normal, including the
release of relay RS and any other relays. of this
circuit which are operated at this time. The
trunk conductors leading to the selector and con-
nector are opened by the release of relay CB of
the incoming trunk repeater for releasing the se-
lector and connector circuits. This trunk cirecuit
leading to the selector and connector circuits is,
of course, switched to contacts of the CB relay
when relay SW is released by the release of re-
lay RD.

Switching through owveration o fincoming trunk

repeater

In some installations it is required that
the inter-office. trunk ccnductors be connected
straight through to. the hettery feed eircuit of the
connecvor, thus removing repest coil RO of the
mncoming trunk repeater from the circuit. On
selector levels at which this operation is reqguired,
the Q wire is connected to the verminals of the
2 wiper of the selector, as indicated by Note 3 on
the Fig, § drawing. When the selector switches
through to the connector on such s level, the
operation of the selector SW relay closes a cir-
cult for operating relay CT of the mcoming trunk
repeater, this circuit being traced from (+), con-
auctor @, wiper X, make contact of relay SW,
cenductor LM and winding of relay CT to (—),
Relay CT switches inter-~office trunk conductors
TT and TR directly through to trunk conductors
T and R leading to the connector by way of the
selector wipers. Relay CT cpens up the HS con-
ductor for canceling the HS. control on a. call of
this class and it disconnects (+) from the con-
tact of relay CB to prevent the operation of the
TM relay cn this type of call It will thus be
seen that, on a call of this class, the incoming
truni repeater operates to repeat impulses to the
incoming selector but after this selector seizes the
connector, all relays of the Incoming trunk re-
peater are de-snergized except relay CT so that
the inter-office trunk control is now directly to
the CB relay of the coennector, thus removing all
repeat coils in the terminat.ng office. from the
trunk, When the connection is released, the re-
lease of the SW relay of the incoming selector
CPens up and releases relay CT of the Incoming
trunk repeater for restoring the cireuits of this
repeater to normal.

Call to busy line

It will be recalled that relays PD and XD are
released in seguence rollowing the receipt of the
station digit by the connector. With relay PD
reieased and before relay XD is released g circuit
Is closed for operating relay BT extending from
(4-) on the sleeve teriminal of the ecalled busy
line, wiper S, break contact of relay PD, make
contact of relay ¥D and winding of relay BT to
(—). The opening of the lowermost break con-
tact of relay BT CDENs Up the operating w.nding
of relay SW to prevent the operation of this relay
on a call to a busy line. Busy tone is connected
back to the calling line over a circuit extending
from common busy tone
contact of relay BT, break contact of relay SW,
lower winding of relay AB, break contact of relay
CS, condenser CF, break contact of relay AS and
OVer conducter CT and wiper ST of the selector
t0 the repeat coil of the incoming trunk repeater,
at which point the tone is repeated to the calling
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line by means of the induced current from the
right hand winding of this cojl to the left hand
winding, to which the calling line is connected.
With relay BT of the connector operated, a cir-
cuit is closed for intermittently operating relay
AA, this circuit extending from the cemmon flash
interrupter designated 60 I. P. M., make contact
cf relay BT, break contact of relay SW and wind-
Ing of relay AA to (—). Relay AA is intermit-
tently operated for providing a 60 I, P. M. flash
to-the operator at the toll board. Each operation
of relay AA switches the right hand terminalg of
relay TY of the connector from (4-) to (—). at
the uppermost make. contact of relay RD. This
does not operate relay TL because of its differen~
tial connection, but it does operate relay HS of
the incoming trunk circuit, consequently relay
HS is intermittently operated to repeat the flash
interrupter signals from the connector. The
first operation of relay =S of the incoming trunk
repeater closes a circuit for operating relay SS
extending from (4) on eonductor S, make con-
tact of relay ¥S.and winding of relay LS to (—).
Relay LS is locked operated to (--) on conductor
S over a circuit which is independent of the make
contact of the HS relay. Relay SW is operated
2t this time over g circuit. extending from ( —+) on
common conductor 120 I, P. M., lower winding of
relay SW, make contact of relay HS, break con-
tact of relay SW and make contact of relay RD
to (—). Relay SW locks itself operated over g
circuit extending from (+), upper winding of
relay SW, make contaet of relay SW and make
contact of relay RD to (—). Relay LS reverses
the trunk line conductors extending back to the
originating office and relay SW switches the
trunk conductors leading to the connector from
a circult including the make contact of relay CB
to the right hand windings of repeat coil RC.
When relay HS is released, following its first op-
ration, relay SR is operated over g circuit which
may be traced from (), break contact of relay
CT, make contact of relay CB, make contsct of
relay RD, break eontact of relay HS, make con-
tact of relay RD, make contact of relay 1.S and
winding of relay SR to (—). At the next opera-
tion of r2lay HS, this SR, relay cireuit is opened
1or releasing this relay, consequently relay SR
follows the intermittent operations of relay HS.
When relay LS of the: incoming trunk repeater
reverses the trunk iine conductors, relay E is
operated and locked in the previously described
manner. Relay B inserts the winding of relay B
in the trunk circuit for operating this relay and
relay F is operated over the previously described
circuit including a make contact of relay E. Re-
lay & closes an obvious cireuit for operating relay
(' and relay G closes a circuit for operating relay
P extending from (+-), break contact of relay N,
make contact of relay G, break contact of relay
J, nake contact. of relay F and winding of relay
P to (—). From the above description it will be
observed that relay SR of the incoming trunk
repeater is intermittently operated for flashing
the inter-office trunk with infermittent wet and
ary conditions. This is effective to intermittently
energize relay R of the outgoing trunk eireuit

y P intermittently applies (<) potential
through its uppermost make contact to the low
resistance winding of relay A for intermittently
operating relay SL of the cord circuit, thus pro-
viding an intermittent flash of lamp SIG. Since
the busy tone is coming back over the Inter-office
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trunk circuit, the operator receives this tone a
well as receiving an intermittent visual indication
that the called line is busy by the 60 cycle flash
of lamp SIG.

When the operator takes dowil the connection,
relays SL and A are released for releasing all
of the equipment in the previously described

manner.

[

Call to busy trunk group

It will be assumed that all connectors of the
connector group are busy, thus the incoming
selector goes to overflow for switching the over-
fow contacts of the selector of Fig. 6. Relay SW
of the selector is not operated on this call because
its upper winding is opened at overflow contact
3OF. It will be observed that overflow contact
20F applies busy tone hack over conductor T to
the incoming trunk rep eater, but this circuit is
not connected to the repeat coil winding unless
relay SW of the repeater is operated. Relay SW
does not operate on thils call because the 120
1. P. M. pulses operate relay HS over & circuit ex-
tending from (-+), break contact of relay TM,
upper winding ot relay HS, break contact of re-
lay CT, conductor |
sW, overflow contact tOF ond resistor 13RS to
the 120 I. P. M. (—) pulse source. This same
source of (—) pulses is applied o the lower wind-
ing of relay SW of the incoming trunk repeater,
it being understood
tween these (—) pulses the 120 I. P. M. comimoin
- conductor is connected to (4. Consequently,
while relay HS 1s operated by the (—) pulses,

relay SW cannot be operated through the make .
(—) is applied to

contact of relay HS because
both terminals of the lower winding of relay SW.
Durine the interval between these (—) wpulses,
the () potential on common conductor 120
I. P. M. does not complete
lower winding of relay SW because, at this time,
relay HS is released for opening up this lower
winding. This means that relay HS will be in-
termittentlly operated to provide a 120 1. F. M.
sicnal back to the operator’s position but the
operator will not hear the
busy tone circuit is disconnected from the repeat
coil of the incoming trunk repeater to which the
operator’s talking circuit is connected. The re-
lease of the connection on a
by the release of relay A, when the operator takes
down the connection, for effecting the release of
the other portions of the equipment, all in the
previously described manner.

Automatic coin conitrol

It will first be assumed that the operator takes
down the connection after the called party has
hung up the recelver and that the automatic coin
collect operation is to b€ effected. If the coin
is to be returned, the operator applies coin return
battery to the called line while the called party
<till has the receiver off the hook, this operation
being described later.

In accordance with the note In Fig. 9 relating
to the connection of HS bank terminals of the
connector, it will be obvious that relay PS 1s
operated on a call from toll to a paystation line.
The circuit may be traced irom (+) on the HS
terminal associated with the called line, wiper
HS, make contact of relay SW, make contact of
relay TL and winding oi relay PS to (—). Relay
PS locks itself operated over a circuit extending
from () on conductor MG, off normal contact
[YON, break contact of relay PD, make contact
and winding of relay PS to (—). With the Tre-

HS, break contact of relay
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ceiver at the called station hung up, relays AD
and AA are in their de-energized conditions, Con-
sequently (—) from the make contact of relay
RD is extended through break contact of relay
AA and make contact of relay SW to both wind-
ings of relay TL to the HS conductor and, since
this conductor is connected to (4+) at the break
contact of relay TM of the incoming trunk re-
peater, the HS conductor is energized but relay
TT, of the connector is not operated because of
its differential connections. Relay HS of the in-
coming trunk repeater 1s operated because its
lower winding is short circuited and ifs upper
winding is energized. The operation of relay BS
ot this time provides the previously described
wet supervision. When the connection 1is Tré-
leased, in the previously described manner, when
the operator takes down the connection, relays
CB and RD of the connector are released. Relay
RD disconnects (+) from conductor MG but re-
lay PS maintains (+4) on this conductor hy way
of a circuit extending throuch make contacts of
relays PS and SW. This same circuit locks all
of the relays operated which were previously
locked to the MG conductor. Since the release
magnet of the connector switeh 1S open at a
break contact of relay PS, the switch is not re-
leased. The release of relay RD disconnects ()
from sleeve conductor CS s0 that the selector and
incoming trunk repeater circuits are restored to
normal.

Coin collect relay CC is now operated over 4
civenit which may be traced from (+), break
contact of relay RD, break contact of relay AA,
break contact of relay YD, make contact of re-
lay PS and winding of relay CC to (—). Relay
CC closes a first locking circuit for itself extend-
ing from (+), make contacts in series of relay
PS, make contact and winding of relay CC 1o
(—). 110 () is now applied to the called line
for operating the coin collect apparatus at the
substation on this line, which is shown in ¥ig. 9,
this circuit being traced from {10 (4, lamp IML,
make contact of relay PS, make contact of relay
CC, make contact of relay SW and wiper R 1o
the ring side of the called line. This same circult
is extended by way of another make contact of
relay CC and another make contact of relay SW
to the tip side of the called line. Relay ¥D is
now operated over a circuit extending from (4,
make contact of relay CC, make contact of relay
PS and lower winding of relay YD to (—). Relay
vD closes a circuit for operating relay PD which
may be traced from (+4), make contact of relay
CC, make contact of relay YD and lower winding
of relay PD to (—). Relay PD opens up the
above described locking circuit for relay PS for
effecting the release of this relay. The release of
relay PS opens up the above described first lock-
ing circuit for relay cC but before this happens
o second locking circuit 1s closed for relay CC
by the operation of relay PD, this locking circuif
peing traced from ( Yy on conductor MG, off
normal contact | YON, make contact of relay PD,
make contact and winding of relay CC to (—).
The release of relay PS opens up the above de-
seribed circuit for relay YD, this relay releases
and opens up and releases relay PD, this relay
in turn opening up the above described second
locking circuit for relay CC for effecting the re-
lease of this latter relay. The release of relay
cC removes (1) from conductor MG, which is
effective to release relays RT and SW, the latter
relay disconnecting (4+) from sleeve wiper S.
with relays CC, PS, RT and RD released, the
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release magnet. circuit is closed for restoring
the connector switch to normal. Tt will be obvious
that 110 (+) is disconnected from the called line
by the release of relays PD and PS.

In the event that the. operator takes down
the connection before the called party hangs up,
then relays AB and AA are in their operated
positions. This connects (+) to the HS con-

uctor through the lower winding of relay Ti.
at the connector and, since (+) 1s. connected to
the HS conductor through both windings of relay
HS of the incoming trunk circuit, the HS lead
Is de-energized and neither relay TL nor relay
HS will be operated. Relays CB and RD are
released as before, with relay RD disconnecting
(+) from ccnductor MG, but. at this time relay
PS is operated for maintaining (<) on conductoy
MG. The release of relay RD removes ¢(-+). from
conductor CS for releasing the preceding cirenits
in the previcusly described manner and 1t also
closes a cireuit at this time for operating relay
YD which may be traced from (-+), break con-
tact of relay RD, make contact. of relay AA and
lower winding of relay YD to (—). The circuits

stay in this condition until the ealled rarty hangs °

up, at: which time relays AB and AA are released.
With relay YD operated and with relay AA oper-
ated, (+) is re~applied to.conductor C< for hold-
ing this connector busy until the. called party
releases. This circuit may be traced from (-,
make contact of relay ¥D and make contact of
relay AA to conductor CS. Now when relay AA
is released, this circuit is opened for rendering
the connector circuit idle and again selectahle.

Recalling that relay PS is locked operated at
this time, it will be observed: that (4) is:applied
through its lowermost make contact, by way of
a make contact of relay SW, to conductor MG
for holding the connector circuits in condition
for coin control operation. Now when relay AA
is released by the called party hanging up the
receiver, the above described circuit to relay vD
is opened and, since relay CC is not yet operated.
the YD relay is released. A circuit is now closed
for operating relay: CC which may be traced
from (-}-), break contact of relay RD, break con-
tact of relay AA, break contact of relay YD, make
contact of relay PS and winding of relay CC to
(—). Relay CC closes the previously described
first locking circuit for itself and it applies I8
(+) to the called line in the previously described
manner. Relays YD and PD are again operated
for opening up and releasing relay PS. with this
relay opening up and releasing relays YD and

PD in sequence, all as previously explained: Re- |

lay CC is locked operated by means of its second
locking circuit when relay PD operates and when
relay PD releases, this second locking circuit is
opened for releasing relay CC. This disconnects
(+) from conductor MG for releasing relays BT
and SW, the switch being restored to normal in
the previously described manner. The release of
relays PD and PS disconnects {10 (4) from the
called line, thus restoring the circuits to normal.

Manual coin control

This is a case where the operator desires to
collect or return the coin at the called paystation
wiile the called party is still on the line., With
the circuits in this condition, relays CR, RD, AR
and AA of the connector, as well as various other
relays, previously explained, are in their operated
conditions. The operator applies (48 (4) or {19
(—) to the tip side of the cord and outgoing
trunk. circuit by means of the coin collect or
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coin return key. This coin potential 1s: extended
by way of conductor T, upper left hand winding
Of repeat coil RC of the outgoing trunk repeater,
make contact of relay F, winding of relay D,
resistor {R and break contact of relay I, to (--).
Relay D operates and closes an obvious cireuit
for operating relay H, It will be obvious that
relays A, E and F of the outgoing trunk repeater
are operated, relay R not being opersted because
relay SR of the incoming trunk repeater is. oper-
ated with the called party on the line for main-
taining the inter-office trunk in a dry condition.

With relay H operated, (4~) is applied to. the
inter-office tip trunk econductor T'T by way of a
break contact of relay K. At the first energiza-~
tion of the 60 I. P, M. common conductor, follow-
Ing the operation of relay H. relay J is operated
over a. circuit extending from this common, con-
ductor, make contact of relay H, break contact
and upper winding of relay J to (—). Relay J
lacks itself operated over g cireuit extending from
(-+), make contact of relay H, X make contact
and both windings in series of relay J to (),
the operation of relay J disconnecting the com-
mon conductor fromr its upper winding., When
the common interrupter is disconnected from the
upper winding of relay J it is switched into con-
nection with the winding of relay P by way of
make contacts of relays H, J and . Conse-
quently relay P is intermittently- operated hy the
pulses appearing on the common: 60 I. P. M. con-~
ductor. The release of relay P connects the tip
conductor T (to which the coin vattery is con-
nected) by way of s make contact of relay H,
break: contact of relay P, make contact of relay
H and break contact of relay K to the inter-office
conductor TR. Before relay P releases, ()

through resistor 9R is conhected back to the coin

pattery, consequently relay P shifts the coin con-
trol circuit from (4-) through resistor 9. to (4
through relays in the incoming trunk repeater
over a circuit which has approximately the same
value of resistance as resistor 9R, so that the
lamp: in. the coin control circuit is not flashed

5 This coin potential applied to conductor TR ex-

tenids through break contact of relay CT of the
Incoming trunk repeater, make contact of relay
LS, upper left hand winding of repeat coil RC,
break contact of relay CSI, resistor R3, make
contact of relay LS, winding of relay CS, (the
short circuit across the winding of relay CS be-
ing removed. because relay SR is operated at this
vime), resistor R9 and break contact of relay RG
t0: (). Relay CS operates and closes a circuit
for operating relay TM extending from (),
make contact of relay CS, make contact of relay
RD and winding of relay TM to (—). Relay TM
closes an operating circuit for relay CSl1 which
may be traced from (-), break contact of relay
CT, make contact of relay CB, make contact of
relay RD; break contact of relay HS, make con-
tact of relay RD, make contact of relay CS, make
contact of relay TM and. upper winding of relay
CSl to. (—). Relay CSI opens. up the above de-
scribed operating circuit for relay CS for re-
leasing this relay, relay CSI now being held oper-
ated by means of the (<) applied to conductor
TT by relay H of the outgoing trunk repeater
(previously described), break contact of relay
CT, make contact of relay LS, lower left hand
winding of repeat coil RC, make contact and
lower winding of relay CSf to (—). Relay CS{
maintains a holding circuit for relay TM.
When relay TM operates, the HS. conductor is
switched from (+4) to (~). This prevents the
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operation of relay HS ol the incoming frunk re-
peater because both its windings are now €ner-
gized in opposition, the circuit for its upper wind-
ing leading by way of the I3 conductor to (4
at both windings of relay TL of the connector, the
lower winding of this relay extending to (4-)
through make contacts of relays SW and AA.
Relay TL of the connector is operated by this
switch in the HS conductor, for closing an operat-
ing circuit for relay CS of the connector which
may be traced from (4+), make contact of relay
TT,, make contact of relay AA and winding of
relay CS to (—). Relay CS of the connector
places a holding circuit across the AB relay of
the connector, the circuit being traced from (),
winding of relay CB, make contact of relay
CS, resistor 26RS and upper winding of relay
AB to (—). It will be observed that this holding
circuit also holds relay Cb operated for prevent-
ing the release of the connector circuits at this
time. The incoming trunk conductors are Now
connected directly to the connector wipers, con-
duetor CT being traced through make contact of
relay AB, make contact of relay CS, make con-
tact of relay RT, break contact of relay CC and
make contact of relay SW to wiper R. Conductor
CR may be traced through a make contact of
relay AB, make contact of relay CS, make con-
tact of relay RT, break contact of relay CC and
make contact of relay SW to wiper T.

Referring back to the oricinating office, the
coin control potential intermittently applied to
inter-office trunk conductor TR, as previously
pointed out, is connected to both rectifiers RE2
and RF3 of the incoming trunk repeater through
o make contact of relay CSi. If 10 (+) 1s con-
nected at the cord circuit,
throuch rectifier RF3 and winding of relay CC to
() on conductor TT at the make contact of re-
lay H of the oufgoing trunk repeater, while if
({0 (—) is applied at the cord circuit, current
will flow through rectifier RF2 and winding of
relay CR to this (4) In the originating oilice.
Consequently, relay CC will operate from coin
collect battery for extending 148 () at 2 make
contact of relay CC, by way of a break contact
of relay CR, lamp ML, winding of relay CA, make
contact of relay CSi, make contacts 11 multiple
of relay TM, make contacts of relay SW, break
contacts of relay CT, conductors T and R, make
contacts of relay SW of the selector, wipers ST
and SR, conductors CT and CR and over the
previously described clear circuits to the tip and
ring conductors of the called line for operating
the coin mechanism at the called station in the
well known manner for collecting the coin. If
relay CR is operated, then {{0 (—) is extended
over the same circuit for operating the coin
mechanism at the called station for refunding
the coin. Either coin collect or coin return cur-
rent applied to the called line operates relay CA
at each operation of the CC or CR, relay and since
the CC or CR relay will be intermittently operated
by the intermittent operation of relay P in the
outgoing trunk repeater, lamp ML will flash as
on indication to the attendant in the terminating
office that the incoming trunk repeater 1s effect-
ing @ coin control operation. |

The operator in the distant toll office gets &
steady lamp (lamp shown connected to coin con-
trol key of cord circuit, it being understood that
the coin battery may come through a relay wind-
ing, with the relay having & make contact in a
local lamp circuit) to indicate that coin potential
i being applied to the called line and that the
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coin has not yet been disposed of at the coin box.
This is because the intermittent operations of
relay P in the outgoing trunk repeater do not ma-
terially change the value of the circuit of the
the coin supply at the cord
circuit. With relay P operated, the coin supply
circuit leads to (4-) through resistor SR, which
may be 1000 ohms for example. With relay P
released, the coin supply circuit is extended over
the R trunk, break contact of relay CT, make
contact of relay LS, upper leit hand winding of
repeat coil RC, make contact of relay CSI, make
contact of relay CC or CR (immediately operated
by the coin current), resistor R18, which may he
500 ohms for example, make contact of relay CA,
make contact of relay CS1, lower left hand wind-
ing of repeat coil RC, make contact of relay LiS,
break contact of relay CT and trunk T to (+4).
1f the resistance of the trunk conductors, plus the
two repeat coil windings equals 500 ohms, then
in this circuit is 1000 ohms.
Therefore, the intermittent operation of relay P
maintains the lamp steadily illuminated. When
the coin is disposed of, relay CA cannot operate
when coin battery 1s next applied to the line,
consequently the only path to (4) for the coin
current at the cord circuit 1s through one of the
relays CC or CR, which have high resistances,
8600 ohms each for example. Therefore the
lamp (or relay) at the cord circuit is de-ener-
oized while relay P is released and energized while
relay P is operated, thus resulting in a flashing
lamp to indicate that the coin has been disposed
of. |

The operator now restores the key to normal,
thus disconnecting coin control battery from the
trunk circuit, restoring the circults to their pre-
viously described condiilon, with the plug still in
the jack and the called party still on the line.
Wwhen disconnection takes place, the circuit op-
erations are all as previously described.

Having described an inter-ofiice toll switching
system as particularly adaptable for use in auto-
matic telephone systems &as one specific embodi-
ment of the present invention, it is desired to be
understood that this form is selected to facilitate
the disclosure of the invention rather than to
limit the number of forms which it may assume
and it is-to be further understocd that various
modifications, adaptations and alterations may
be applied to the specific form shown to meet the
requirements of practice, without in any man-
ner departing from the spirit or scope of the
present invention except as limited by the ap-
pended claims.

wWwhat we claim 1is:
_1. In a telephone system, a toll oiiice, & local
office, a line terminating at said local office, 8

paystation on said line including & ¢oin recep-
tacle and a coin disposal means associated there-
with, a toil switching trunk connecting said local
office with said toll office, a source of coin control
current at said toll office, a source of coin con-
trol current at said local office, a relay at said
local office, a signal at said toll office, means at
<aid toll office for connecting the coin control
eurrent source thereat to said trunk, means re-
sponsive to the connection of said source to saild
trunk for causing current from said source to be
transmitted over said trunk to said local office,
means at said local office responsive to the cur-
rent transmitted over said trunk for connecting
the coin control current source at said local of-
Ace in series with said relay to said line to e ech
the operation of said coin disposal means at said
paystation, and means controlled by said relay

'_
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for operating said siegnal until said coin disposal
means has disposed of the coin in said receptacle.
2. In g telephone system, a toll office, a local
ouice, a line terminating at said local office, a
paystation on said line including a coin recep-
tacle and a coin disposal means associated there-
with, a two-conductor toll switching trunk con-
necting said local office with said toll office, g
source of coin control current at sald toll office,
& source of coin control current at said loecal of-
fice, a relay at said local office, a signal at said
toll office, means at said toll ofiice for connecting
the coin control current source thereat to one
conductor of said trunk, means responsive to
the connection of said source to said one con-
ductor for causing current from sald source to be
transmitted over said one conductor to said local
office, means at said local office responsive 1o the
current transmitted over said one conductor for
connecting the coin controj current source at
sald local office in series with sald relay to said
line to effect the operation of sald coin disposal
means at said paystation, and means controlled
by said relay for operating said signal by way
Oof a circuit including said one conductor until
said coin disposal megns has disposed of the coin
in said receptacle.

3. In a telephone System, a toll office, a local of -
fice, a line terminating at said local office, a pay-
station on said line Including a coin receptacle and
coin disposal means associated therewith, g toll
switching trunk connecting said local office with
sald toll office, a source of coin control current
at said toll office, a source of coin control cuyr-
rent at said locgl oflice, a relay at said local of-
fice, a signal at said toll 0
toll office for Intermittently connecting the coin
control current source thereat to said trunk,
Imeans responsive to the connection of said source
to said trunk for causing current from said
source to be intermittently transmitted over said
office, means at said local
office responsive to the current transmitted over
sald trunk for mtermittently connecting the coin
control current source at said local office in series
with said relay to said line to effect the opera-
tion of said coin disposal means at said paysta-
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tion, and means including said relay for continu-
ously operating said signal unti] sald coln dis-
posal means has disposed of the coin in said re-
ceptacle.

4. In a telephone system, a toll oiffice, a local
office, a line terminating at said local of ce, .2
paystation on said line including a coin recep-
tacle and coin disposal means associated thera-
with, a toll switching trunk connecting said local
office with said toll office, a source of coin con-
trol current at said toll ofiice, a source of coin
control current at said local office, a relay at said
local office, a signal at said toll office, means at
sald toll office for intermittently connecting the
coin control current source thereat to said trunk,
Ineans responsive to the connection of said source
to said trunk for causing current from said source
to be mtermittently transmitted over said trunk
to said local office, means at said local office re-
sponsive to the current transmitted over said
trunk for Intermittently connecting the coin con-
trol current source at said local office in series
with said relay to said Iine to effect the operation
of said coin disposal means at said paystation,
means including said relay for continuously op-
erating said signal until said coin disposal means
has disposed of the coin in said receptacle, and
means controlled by said relay for Intermittently
operating said signal after sald coin disposal
means has disposed of the coin in said receptacle.

FRANK KESSLER.
WILLIAM W. PHARIS.
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