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This invention relates to telephone exchange

- systems employing sutomatic switching and the
objects are to provide improved circuit arrange-
ments for handling toll calls from a voll board
to subscriber’s lines in a dial office. Although
the toll board and the automatic switching
eguipment may be-in the same office, the present
disclosure contemplates the toll beard 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

descriprvion. ‘The present application is 2 di-
vision of the earlier filed application Serial No.

) |

1G

1903366, filed October- 16, 1950, and issued Feb-

~ruary 16, 1954, as Umted ‘States Patent No.
2,669,606.

‘The ‘main object of the present 1nvent10n is

the provision of the various enumer ated features
in-a toll switching system in 2 simple and eco-~
nomical manner, |

A feature-of the invention relates to a novel m-
coming trunk repeater, terminating a
from--a toll board for connecting the toll- line

straight through the repeater and cutting the

repeat-coil-of the repeater out of the eircuit when
certain marked levels of the incoming selector,
with which the repeater is operatively aesomated
axre selected.

Another feature of ‘the- invention contem )

plates & ‘two-wire inter-office ‘trunk inter-con-
necting ‘the toll beard and the -didl office; with.

wet-dry supervision: repeated to- the toll board

under the -confrol of a conductor extending
through the automstic switching equipment,

which conﬁuﬂtor 18 mdependent 0of the ta,lkmg'

circuit..

Still:angther featule of the pres nt-' i—nvention-
relates-te a two-speed flash busy and busy tone
arrangement, whereby-a busy flash signal at one

rate and a busy tone are transmitted to the toll
- beard in response to a2 call to-a busy: line, while

a-husy flash. signal .at another rate wwhout the*

busgy: tone is- transmlttea ‘to the toll board on a
call-to overﬂow that is, ﬁndmﬁ all trunks in 2
© group. busy. | |

Angther feature closély rélated to ‘the last

mentioned feature is the provision of ‘the flash
ce -tmnk:'

busy signal by flashing fhe :inter-offi

with an mtemutfent wel~ary -signal.
An -additional feature of the 1nvent10*1 com-

prises &UP_AYIH‘T_CQIH control potential at the toll

board to the ‘infer-office trunk, receiving this

potential at the incoming trunk circuit in the
dial office, repeating the proper .coin control po-

tentlg.l at the mcom.ng Lrumi: cwcult to the called-

toll line
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2 .
line by way .of the connector switch and switch-
ing the called line straight through the connector.
switch to the trunk circuit. |

Still an additional feature of this invention is
the provision of means whereby the. toll -oper-
ator can release the.connection with the inter-
office trunk in -a dry condition, that is, no.cur-
rent on the trunk, which is the. condltmn When-
the called party is.on.the line.

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

An additional feature of the mventmn is the
provision of a line seizure visual signal.at the toll
operator’s position to indicate that the -called
line has been seized. This feature in. the pres-
ent invention is controlled. over the fourth or
control conductor in the dial office equipment

- -and by a single reversal of the line current cver
 the trunk line. A feature closely related to this

arrangement is the single reversal of the trunk
to indicate -line seizure, with other indications
transmitted over the trunk by wet-dry condl-

- tions.

A still further feature of the invention relates

' to operator controlled ringing start and re-ring

- operations of fhe connector, these controls. be-
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ing recorded at the incoming ftrunk circuit in.
the. dial office and relayed to the connector in
this office by way of a separate control conduc-
tor, this control conductor also bheing used to
contrel supervision,; flash busy .and: coin control

operations.

Other feat'uves of the mventwn not. specifically
mentioned will be .apparent from. the following
description considered in connectlon with the

- drawings in which:
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Fig. 1 illustrates the outgomﬁ trunk jack ter-
minating the illustrated trunk circuit at the $oll.
board, together with sufficient portions of the
cord and dial circuits to 111ustrate ‘the various
circuit operations.

Figs. 2 and 3 illustrate. the outgomg trunk cir-
cuit repeater associated with the above men--
tioned outgoing trunk jack, this repeater termi-~

-natmg the illustrated trunk . c;_rc,ult at the toll-;

ofiice.

Figs. 4 and 5 illustrate the incoming trunk
circuit repeater-which terminates the toll trunk
at the dial office. -

Fig. 6 illustrates- an. incoming selector .asso--
ciated with the incoming trunk -circuit repeater.
- Figs. 7 and 8 illustrate a -combination local:




3

and toll connector which may be reached {rom
a level of the incoming selector or from a level
of a local selector for selecting calied line
terminals. | | l

Fig. 9 illustrates the connecfions tc an auto-
matic pay station.

For the purpose of simplifying the illustrations
and facilitating the explanation, various parts
and circuits constituting the embodiment of the
present invention have been shown diagrammati-
cally and certain conventional illustrations have
been employved, the drawings having been made
more with the purpose in mind of making iy eagy
to understand the operation of the circuits than
illustrating the specific construction and ar-
rangement of parts that would be employed In
practice.
their contacts are illustrated in a conventional
manner with symbols used to indicate the con-
hections with the terminals of batteries or other
sources of current, instead oi showing all the
wiring connections to these terminals. The re-
lays are given reference characters where pos-
sible to indicate the mode of operation in the
circuit. For example, relay CB is the calling
bridege relay, relay RD is the release delay relay,
and relay XD is the delay relay following the X
operaticn of the switch. Plus and minus sym-

Por example, the various relays snd -
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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 hattery symbols fre-

cuently found in telephone circuits, it being un-
derstood that the (-}) terminal iIs connected tc
cround. The reference characters 1i8— and
f18-]- refer to coin resurn and coin collect po-
tentials respectively, it being understood that
these connections are common to the illusirated
equipment and are used for coin conurol 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 controlied by a relay are in-
dicated 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.

Tocal call through connector

Since the features of the present Invention
relate to toll connections, it is not believed neces-
sary to describe the detailed operation of the
combination connector when used on a local
call., Tt need only be pointed out that the CHS
conductor, leading to the connhector, is not ter-
minated at local selector banks. Consequently,
there is no operation of the T1: 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
onerates and locks the RT relay in the connector
to hold off ringing the called line until the oper-
ator, on g toll call, rings over the trunk circuit.

Toll call o idle line

When the toll operator, in response to a call
for a station reached by means of the illustrated
inter-cfiice trunk, plugs into the oufgoing irunk
jack associated with this trunk, a circuit is closed

o2
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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
t{runk circuit. In some installations there will
be one or more selectors interposed between the
outeoing trunk jack and the 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 cir-
cuit for relays SL: and A are closed when the out-
coing trunk circuit repeater is scized, thus oper-
ating relay A but, due to its marginal character-
istics, relay SL is not operated at this time.
When the dial is first turned off normal fo
transmit the first digit after plugging into the
outgoing trunk jack, a circuit is closed for oper-
ating digl relay DI, 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 I8RS fto (—). Relay DL
locks itself operated over a circuit extending from
() at the operated dial key, winding and make
contact of relay DI, to (—). When the dial key
is restored at the end of the dialing operation,
relay DL releases to disconnect the dial from the
cord.

wWhen the outgoing trunk circuit is seized and
relay A is operated, an obvious circuit is closed
for operating slow acting relay ISA and this re-
lay in turn closes an obvious circuit for operat-
ing relay 2SA. The function of these two slow
acting relays will be explained in connection with
the condition where the toll operator discon-
nects 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 P 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 (-), winding of relay C, break contact of
relay P, lower left hand winding of the repeat
coil RC, ring conductor R, ring contacts of the
jack and plug, make contact of relay DL, im-
pulse contacts of the dial and resistor (8RS to
(—). Since it is well known how one or more
selectors may be operated over a dialing circuit,
such as the one illustrated, the selector opera-
tion in the originating oiffice will be ignored in
connection with this description. With the dial
off normal a circuit is now closed for operating
relay B which may be traced from (+4-), make
contact of relay C, winding of relay B, break con-
tact of relay F, upper 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 {8RS to (—).
Relay B substitutes () for the (4) applied at

- the make contact of relay C for providing a hold-

ing 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 In-
coming trunk circuit repeater, this ecircuit being
traced from (<), 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 LS, another



break:-contact-of relay LS; break:contact of relay
CT,. tip trunk :conductor TT, ‘break contact of
relay K :of the' cutgoing trunk repeater,. make
contact of relay C, make-contact.of relay B, break
contact of relay F, make contact of relay B, lower
right 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 relay
CS1i, resistor RA, break contact of relay RGI,
bréak 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. ({), break
contact -of relay -CT, make -contact .of relay CB;
break contact: of relay LS, break ccmtact of re 2y
RS and winding of relay RD to(—), |
- The line .circuit ‘to the incoming selector asso-
ciated with the incoming repeater is now closed
for operating relay .CB-of this selector, this .cir-
cuit ‘being traced from (19, overflow .contact
- 20F ‘of the incoming selector, break contact of
relay XD, upper winding of relay CB, break: con-
tact of relay SW, ‘trunk conductor T, break con-

tact of relay CT, break contact of relay SW,

make-contact of relay CB, break contact of re-
lay SW, make contact of relay RD, break contact
of relay CT, trunk conductor R, break contact of
relay SW of the selector and Jower winding of
relay CBto (—). Relay:CB-of the selector closes

‘an--obvious -circuit for operating relay RD: and-

relay RD closes a -circuit for operatmg relay XD
- which may be traced from (4-), 0.

winding of relay XD to (—). Relay RD applies
~ (4) to conductor S leading back to the incom-

coming repeater.

;685,617
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Relay RD of the incoming
repeater remains .operated. during the impulsing
of the associated CB relay, due to its slow:acting
characteristics. "The ‘intermittent operation of

relay CB of the incoming repeater opens up the |

above. described circuit including conductors T

- and R leading to the selector for intermittently

10
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operating relay CB of the selector in accordance
with the impulses -of the dialed digit. The first

release of relay CB of the incoming selector closes

a-circuit for the X magnet of this selector which

nay be traced from (<), break contact of relay
CB, make coniact-of relay RD, make contact of
relay XD:and winding of magnet X to (—). The
upper winding of relay XD is in multiple ‘with

the X magnet 50 that this relay receives pulses

during the stepping of the selector switch and,
duie to its slow acting characteristics, it remains
operated until the termination of the digit at

which time it is released.

neferring back to the mcolnlnﬁ repeater the
first release-of reiay- CB closes a circuit for qperg-
ating relay TM: extending from (4-), break con-

tact of rélay CT, break contsct of relay CB,

break contact of relay LS, make contact of relay
RD. and winding of relay TM to (—). Since

- relay THL is of ‘the-slow release type, it remains

30

T normal:con-
tact 1XON, make contact of relay RD and lower

ing repeater for holdmg czrcults th&t will be |

later described.

The incoming selector shown in FIg 6 is of the
digit canceling type. Since this particular oper-
ation-of the selector is'immaterial-for an under-
standing of the present invention, it ‘will not be
explained at this time. For a complete under-
standing of the digit canceling -operation, refer-
ence is -made to Fig. 4 -of -copending application
Serial No. 149,072 filed NMarch 11, 1950 and
assigned -‘to the same asmgnee 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 circuit
operation up to the present point, (4) potential
is applied to the HS conductor at both ends, this
(1) extending through both windings of the HS
relay of the incoming repeater to the HS con-

40
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ductor at this repeater, while (-) is applied to

the other end of the HS: conductor through re-
sistor {2RS, overflow.contact 1OF and- breaL con-
tact of relay SW of the selector.

The circuits are now.in- eondition for 1esnond— -

ing to the digit dialed for operating. the incom-
ing selector. As the dial. returns o normal, the
impulse contacts are intermittently opened for
opening up the :above described cireuit inciud-

ing relay C of the .outgoing' repeater, thus caus-
ing relay C to intermitfently: release in response

to the  dialed iImpulses. The intermittent re-
irase of relgy € -opens. up the above: described

cireuit including the intercfiice trunk conductors

for intermittently releasing relay CB!of the in-

the HS relay is not cperated at this time.

operated until the end of the digit at which time
it is released. Relay TM switches the circuit

leading to both windings of the HS relay from
(4-) to (—) -at 2 make-contact of relay RD. Since
- relay HS is dl

erentially connected, this switch
from (=) to (—) energizes its lower winding
and its upper winding -(by way of the prewously
described HS conductor) in -opposition so that
‘ | This
energization of the HS conductor is of no effect
in connection with ‘the selector operation but
it is- effective when ‘the combination connﬂctor
is operated, such-operation being later described.

“When relay XD of the incoming selector Te-
leases to mark the end of the. digit, a GllCLllu is
closed For operating relay FA which may be
traced from- (-, make comact of relay RD,
bregk- contact of relay XD,; off normal contact
AEON, XK wiver and terminal #o which -con-
ductor M is-cennected, off normal contact FVON,
winding of relay HA, resistor {4RS, break :con-
tact -of relay HA and break contact of magnet
Z to (—). Relay HA is rendered fast to-oper-
ate ‘because its ‘normally closed breax -contact
short -circuits resistor 18RS to provide g high
current. flow for initially -operating relay .HA.
Relay HA. closes a locking circuil for itseli ex-
tending ‘from (<), 'mf.q,k;e contact of relay RD,;
hraak contact.of relay SW, maks contact of relay
4, break contact of magnet Y and winding of
relay HA to (—) .over the previously ‘described
circuis, A circuit i3 now closed for operating
the Y stepping magnet whizch:may be traced from
-k, make: contact of reiay RID, oreak contact
of relay SW, make coniact of relay HA and wind-
ing oi_magﬂﬂt Vto. (--). Thz operation of mag-
net. ¥ opens up the above described circuit to
181&3? JTA for.effecting its release, which in turn
cpens. upthe above-described circuit for magnet
7 for: effecting .iis release., It :is notb belisved

necessary 1o -describe the trunk hunting oper-
ation of the incoming seleco
are: eacmmtemd,; this--operation being fully de-

r when busy trunks

scribed -the abkove menvionsd -application
SelmlNo 14 02, o | -
When the .seiecior ﬁndu an 1dle trunk relay

' SW ds -opergted (tills reiay being .pl_zmed, 0y eher-

 gizing’its lower winding by way of .a make cons
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tact of relay CB to make it fast operating) over
a circuit extending from (), make contact of
relay RD, break contact of relay XD, off normal
contact 2XON, wiper XX and its terminal to

which conductor M is connected, off normal

contact I YON, upper winding of relay SW, over-
flow contact 30OF, break contact of magnet Y and
winding of relay HA 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 contfact in-
serts reszistor I5RS in seriegs with its winding,
thus reducing the current flow aiter the relay
has operated to a value which is slightly above
its holding value. The operation of relay SW
switches conductors T and R from the windings
of the CB relay to the windings of the CB relay
of the sclected connector by way of wipers ol
and SR and conductors CT and CR, thus releas-
ing relay CP which in furn opens up ana reieases
relay RD. The closure of the CT and CR circuit
to the connectior operates the CB and R relays
of this connector in a manner presently to be
described for extending (-!.) back 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 maintaining (--) on
this latter conducior during the connection.
Relay SW of the selector is locked operated be-
fore relay RD of the selector iz released, this
locking circuit extending from (-}) coming back
over conductor CS and wiper SS, make confact
of relay SW, break contact of relay XD, off nor-
mal contact 2XON, wiper XX, conductor M, oif

normal contact {YON, upper winding of relay

SW, overflow contact 30F, break contact of
magnet Y and winding of relay 2A 1o (—) over
over the previously described circuit.

When relay TM of the incoming repeater is re-
leased at the termination of the first digit, the

HS conductor is switched back to (4) at this

repeater, thus placing (--) potential on both ends
of the HS conductor for maintaining this con-

ductor de-energized. This conductor is con-~--

nected to (4-) at the connector, aiter the con-
nector is seized by the selector, by way of wind-
ings of the TL relay in the connector and back
contacts of relays 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 CB re~
lay, 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 contact 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,
wiper SR, conductor CR., break contact of relay
AB of the connector, break contact of relay CS
and lower winding of relay CB to (—). Relay
CB closes a circuit for operating relay RD ex-
tending from (4), break contact of connecior
release magnet ZM, make contact of relay CB
and winding of relay RD to (—). Relay RD con-
nects (4) to master ground conductor MG of
the connector for controlling various circuif and
relay operations as will be later described. Re-
lay XD of the connector is now operated over a
circuit extending from (4-) on conductor MG,
off normal contact 1XON and Jower winding of
relay XD to (—).
this time over a circuit extending from (4-) on
conductor MG, off normal contact 3YON and

Relay YD is also operated at:
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lower winding of relay YD to (—). Relay PD
is also operated at this time from (4-) on con-
ductor M@G, off normal contact I'YON and lower
winding of relay PD to (—).

This places the circuits in condition for re-
sponding to the tens digit. The operation of the
dial for transmitting the impulses of the tens
digit is effective to operate relay B of the outgoing
trunk repeater when the dial is off normal and
to release relay B when the dial returns to nor-
mal, with the impulses transmitted from the im-
pulse contacts of the dial being effective to mier-
mittently release relay C of the outgoing frunk
repeater, 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 the
digit transmission and with relay TM being re-
leased at the end of the digit, all in the previously
deseribed 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 in-
coming trunk repeater through the selector to
the CB relay of the connector, thus relay CB
of the connector is pulsed in response to the tens
digit. During this pulsing of the CB relay of
the connector, relay RD is not released because
of its slow acting characteristics. The first re-
lease of relay CB of the connector closes a circuit
for the X magnet of this switch for advancing
the switch in its X or primary direcfion, this
cireuit being 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, make contact of relay
XD, make contact of relay YD and magnet XM to
(—). The upper winding of relay XD is con-
nected in multiple with magnet XM, thus the
impulses applied to the X magnet mainfain relay
XD in its operated position uitil the end of the
impulse transmission for the fens 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 fens digit.

- The circuit for operating relay TL may be traced

650
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from (4), break contact of relay AA of the con-
nector, break contact of relay SW, lower winding
of relay TL (the upper winding being short cir-

cuited at this time), conductor CHS, selecior

wiper SHS, make contact of relay SW, conductor
HS, break contact of relay CT, upper winding of
relay HS of the incoming trunk repeater, make
contact of relay TM and make contact of relay
RD to (—). This circuit does not operate relay
HS of the incoming trunk repeater because it
is differentially energized at this time. Relay TL
of the connector operates to close a circuit for
operating the ringing trip relay which may be
traced from (--) on conductor MG, make con-
tact 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 TM of the
incoming trunlk repeater at the termination of
the tens digits, relay RT is locked operated cver
8 circuit extending from () on conductor MG,
break contact of relay TL, make contact and
lower winding of relay RT to (—). It will be un-
derstood that relay TL of the connector is re-
leased at the end of the tens digit because relay
TM connects (4-) to the HS conductor for de-
energizing the lower winding of relay TL.
The units digit is now transmitted, the im-
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-pulsesfrom the dial operating:the C and:B-relays
.of -the outgoing trunk repeater in the-previously

- desecribed manner for transmitting the units dig- |

ital impulses over the interoffice trunk, for-im-
‘pulsing relay CB of the incoming trunk repeater,
for operating relay TN at the beginning of the
digit and for releasing this.relay .at the end -of
the digit, all.in the previcusly described manner.

Relay CBR of the. incoming trunk repeater pulses

the T and R conductors legding to relay CB. of
the.connectior for causing: this relay to repeat the
pulses of the units digit. Relay TL. of the con-
nector is again operated, hy means ¢f the npre-

viously described circuit, at the beginning of vne |

digit and released.at the end of the.digit. ‘The

- release of relay CB.closes a.circuitfor operating

-the Y or secondary.: stepping magnet which. may
be traced from. (&), break confact of magnet

10
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deseribed locking circuit for relay RT so that
this relay remains operated at the end: of this

digit.

With relay CB operated, with relay L
released and. with relay X3 operated the thind,

- second and first locking circuifs for relay PD are
opened: for reieasing thnis relay.
relay PL¥ opens up the avove described: locking
circuit for relay XD for releasing this relay..

The release .of

Line seizure |
Assuming that the called line:is idle; relay SW

~of the connector is operaied at the end of the

- station digiv over a.circuiy winich may ke traced
- from (), imake.contact of relay RD, break con-

15

tact .of relay BT, lower winding of relay SW,
break contact of reigy XD, break contact.of relay

PD, wiper S and terminal of the called idle line

ZM, break contact.ofi relay: CB, make conbact.of

relay ‘RD, make contaci of relay PD; make con-

stact -of relay ¥D, break contact of velay XiD

and winding of magret ¥V to - (—). The upnar
winding of relay ¥D:is.connected:in parailel with
-magnet. YM; .thus maintaining relay ¥D.in: its
- operated position: untilithe end of the units:digit,
-at which. time relay VYD is released. At the first
¥ step of the .connector switch, the previously
-geseribed. operading circuit.for relay P is-opensd
Jbut a first locking. circuit is closed for this.relay
‘which may betraced:from: (4-) on-conductor MG,
‘make contact {YON, make contact of relay 2D,
‘break-contact.cf-relay SW, break-contact - of: relay
XD and lower winding of relay P to-(—).. ‘When
“relay 'TL, gperates at the-beginning of the units
~digit, the:above-described:locking: circuit for-relay
-RT is opened but the previously described operat-

ing-circuit-for this relay is-closed-fer maintaining

~the-relay -energized. until the end oi the univs
~qlgit, ‘at which: time the loekmg circu;t f@l relay
;RT is-dgain closed.

The-station -digit is; NOW - transmltted from : the
‘dial at the toll operator’s position, with relays C
and B of the-outgoing trunk repester being op-
-erated to repeat the impulses: of this digii over
the inter-office: trunk for causing relgy CB: of
“the inecoming trunk -repeater to repeat the im-
-pulses: over the-trunk -conduciors: Jeading to-the
*aomﬂeetm - Relay TM¥- of the incoming trunk
-repeater is operated -and- released as-before- for

-operating -and telessing - relay T -6f the con- .

-nector. The-release of relay CB-of: the connector
‘at the-beginning-of “the -first impitise of the-sin-
-tion-digit-closes a-circuit -for-operating- relay- XD
-extending from (<), ‘break -contact -of magnet

ZM, break contact of relay CB, make contact-of ;

B elay R, make contact of- relay PD; break con-
-tact of relay YD, another break- contact of relay
YD and upper-winding of relay XD to(—).

‘lay XD-closes @ locking circuit-for-itself: extevrd-
ing from: (—I—) ony conducitor-MG, off -normal-con-

N ~tact 1YON,; make contact of relay PI3: break con-

“tact of relay SW, make contact and lower wind-
‘ing-of relay XD to (=) . Relay XD-opensthe first
‘locking circuit  of relay "PD but relay TL (op-
-erated) closes a second locking circuit for 1ela,y
PD extending from (

=) on conductor MG, make

20

relay

to (—) through the winding. of -the cut o

of the called line circuit. (not. shown; to (—).
Relay SW. a,pphes () w0 wiper S for making: the
called line busy and ifor operating the cut .off
1relay associated with this. line.

Relay SW also

closes a.locking cireuit.for itself extending from

(=) on.conductor MG, make contact and. upper
winding of relay SW to (=)..

When the operator restores the: dlELl k&y 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.

30

The tip conductor T is.also open ab.this.time for

relegsing relay B. ‘When relay SW of the con-

nector operates, the CIIS conductor is switched

froam ) to (—) for closing .an operating cir-

35
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.0f reiay RD o (—).

is not operated: at .this. time.
incoming trunk repeater is now operated over a.

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

eireuited), break conbact of relay CT, conductor
HS, ‘make contact of relay SW .of the selector,
‘wiper SHS, conductor CHS, both windings of
‘relay TL:to (), a branch circuit being now ex-
tended. through a make contact. of relay SW,

a break .contact of reiay AA and a.make contact
This energizes: both wind-
ings of relay TL in opposition .so that this relay:
- Relay LS. of the

. circuit extending from (--)-on conductor S, make

econtact of relay HS and winding of relay LS. .to
(—).
extending from (<) on conductor:S and.a make
-contact-of relay LS to the winding. of this relay,
-this circuit being independent.of the make con-
tact of relay HS, thus holding relay LS operated
‘independent of ‘the coperation of the HS relay.
Relay SW.of the incaming trunk repeater is now
operated over a circuit which may betraced from

Relay LS. closes a.locking circuit for :itself

- .a-(<+) pulse.on the-common. 120:IPM conductor,
Clower'winding of relay SW, make contact of relay

80

contact of relay TL, make contact and Tower

winding of relay PO to" (—). A'third lockmg Cil-
cuit is closed for relay PD while relay CB is
released -which -extends from  (4), break con-
tact-of ‘magnet ZM, break contact- _m*relay' CR,

‘make contact of relay RD, make econtact of relay
‘PD, break contact of'relsy ¥D-and upper wind-
Therelesse of rel&y :

iing: oft relay PDto- (=),

70

‘make contact of relay RD to (—).
-Wlndmg of rela;v SW s openea at 1135 break con-
‘tact. - | | -

HS,-break contact of relay SW and make contact -
Relay SW closes.a locking |

of relay RD to (—).
circuit for itself extending froni (-}-), upper wind-
ing of relay SW, make contact of relay SW and
- The lower

The: ODEI&'tIOI'l of 1elay IS of the 1ncommg

'rtrunk repeater-reverses-the trunk circuii conduc-
tors TT and TR:thus-reversing the battery back
-over the- trunﬁ to- theoutgoing. trunk repeater.

The trunk is now-energized- by way of a - circuit
which may be-traced irom- (), upper winding of

relay-CB of the incoming trunk repeater, recti-
fier: RF4 break contact of relay SR, ‘break con-

TLi:at:the end of-the stad:mn gigiv: clases e above 75 tact of relay RGE ‘resistor R3 break contact of
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velay CS{, upper left hand winding of repeab coil
RC, make contact of relay LS, break contact of

relay CT, inter-office trunk coaduetor TR, break

.contact of relay K of the outgoing trunk repeater,
break contact of relay H, lower right hand wind-

ing of repeat coil RC, break contact and lower
winding of relay E, upper right hand winding of
repeat coil RC, break contact of relay B, make
contact of relay A, break contact of relay K, up
 trunk conductor T'T, break 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 CSi, resisior R&, break
contact of relay RGI, break contact of relay SR
and lower winding of relay CB to (—). Relay
' of the outgoing trunk repeater was primed by
the operation of relay A over a circuit extending
from (<), make contact of relay A, resistor 2R
angd upper winding of relay ® to (—). Now when

the current is reversed over the trunk line, as -

above described, the current flow through ihe
lower winding of relay E is in the proper direction
to assist that in its upper winding so that relay
& is operated. The operation of relay I closes a
make contact which short circuits resistor 2R,
" thus removing this resistance from the circult
of the upper winding of this relay so that relay
B will remain operated by means of its upper
winding independent of any current fiow through
its lJower winding. Relay R is inserted in the
inter-office trunk circuit when relay E operates
and opens up its inner lower break contact for
removing the short circuit from the winding of
the R relay. Relay B is gperated in response 1o
the operation of relay E over & circult extending
from (), make contact of relay A, make coil-
tact of relay E and winding of relay ¥ ic (—).
The operation of relay ¥ opens up the pr eviously
‘described operating circuit for relay L. but this
relay is not released at this time because of a
locking circuit extending irom (), make con-
tact of relay A, make contact of relay E, maxke
contact of relay & (operated by means of an cb-
viocus circuit closed by the operation of relay R),
make contact and winding of relay L to (—).
Relay P is now operated over a circuit exiending
from (), lowermost break contact of relay N
(it being assumed that the X connection instead
of the Y connection is used in this eircuit), 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 ()
through the low resistance upper winding of re-
1ay A to the sleeve conductor leading to the trunk
jack and cord circuits, the current flow in this
circuit being sufficiently high to operate marginal
‘relay SL in the cord circuit for closing an obvi-
ous circuit to signal lamp SIG, thus giving the
operator a visual signal that the called line has
peen seized and that ringing may he effecied at
any time.

Delayed ' ring

These circuits are so arranged that the opera-
tor may seize the called line, in the manner just
described, hold off the ringing operation untii
she is ready to signal the called station. Tihis
is effective because relay RT of the connecior has
been operated and locked as previousiy ex-
plained. The operator may leave the connection
in this condition and work on the other portion
of the toll cord circuit, for example, hefore ring-
ing the called station. In the event that the
called station, or another station on the called
line, if it is a party line, removes the receiver,

10

12

the oper ator will oet a sienal to this effect. This
is accomplished because the called line circuib
is extended through connector wipers T and R

to the windings of relay AB. This circuit may be
traced from connector wiper T, make contact

of relay SW, break contact of relay CC, make
contact of relay RT, break contact of relay CsS,
lower winding of relay AE and make contact
of relay SW to (). The circuif irom the R
wiper extends through a make contact of relay
SW, break contact of relay CC, make contact of
relay RT, another make contact of relay SW,

 break contact of relay CS and upper winding of

- leased at this vime.
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of relay CT to ().

relay AB to (—).
Consequently, if a party on the called line re-

moves the receiver, relay AB is operated for

closing a circuit for operating relay AA extending
from (4), make contact of relay AB, make con-
tact of relay SW and winding of relay AA to
(—). Relay AA switches the above described
cireuit, including condiuictor CHS, from (—) (at
a2 make contact of relay RD) to (+) at a make
contact of relay AA. This meansg that (4-) 1s
applied to both ends of the HS conductor, since
relay TM of the incoming trunk repeater is re-
Therefore, relay HS of the
incoming trunk repeater is released for closing
g, circuit for operating relay SR extending from
(4-), 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 relay LS and winding of relay SR
to (—). The operation of relay SR disconnects
the inter-office trunk conductors from the apove
described circuil leading to the CB relay. Relay
SR places a closed circuit across the CB relay,
including resistor Ri, to prevent the release of
this relay under this condition. The tip trunk
conductor TT may now be traced through a break
contact of relay CT, make contact of relay LS,
lower left hand winding of repeat coil RC, break
contact of relay CSI, resistor R4, break contact

- of relay RGi, make contact of relay SR, resistor

R2, break contact of relay RS, break contact of
relay CS, winding of relay RS (high resistance,
6500 ohms, for exarmple) make contact of relay
RD, make contact of relay CB and break contact
The ring trunk conductor
TR may now be traced through a break contact
of relay CT, make contact of relay L3, upper leit
hand winding of repeat coil RC, break contact of
relay CSi, resistor R3, make contact oi relay LS,
winding of relay CS (high resistance, 6500 ohms,
for example), resistor R9 and break contact of
relay RG to (+4).

it will thus be seen that the inver-ofiice trunk
is switched from a wet to a dry condition when a
party removes tihe receiver on the called line,
since the trunk circuit is not energized under this
condition, both sides of which extend to (4)
through high resistance coils. This dry condition
of the inter-office trunk effects the release of
relay R in the out-going trunk repeater, which
in turn opens up and releases relay G which in
turn opens up the above descriped locking circult

for relay L for eifecting the release of this relay.

Relay L released and relay P released removes
() from the low resistance winding of relay
A, thus inserting the high resistance winding of

this relay in the sleeve circuit for releasing relay

SL of the cord circuit, which in turn extin-
guishes lamp SIG to give the operator a visual
indication that a subscriber on the called line
has removed the receiver. It will be understood

that relay A oi the outgoing trunk repeater is
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“hot. released: tnder this .condition because of

a.circuit. through iits:lower -high resistance wmd- |

ing to:«(+}). ‘The operator may,.of course, go.in
~on: the .connection. and; give: the party .on the
called: Iine: the pre per mstructmns under thls

condltwn |
N RZ’)_ZQ?%,.SZ‘EUJE# |

With the circuits in. the condition above de-
scribed, that is, an idle called line. selected, the

operator may start the ringing of the called

station When she is ready to S1gna,1 thIS station

10

by operating the ring key associated with the

-cord circuit. “This key operation applies (—)
through the resistance coilto the ring side of the

cord and: jack circuit by way of a ‘break contact

of relay DI.. This circuit may new be traced by

way of conductor R, lower left had winding of

the repeat coil RC of ‘the outgoing trunk repeater,
make confact of relay-F; break contact of relay

I, make: contact. of relay. F:and: winding: of relay °

K o (=L). Relay K .operates and switches the
inter-office. trunk .conductors from the circuit
~ leading into the .outgoing trunk repeafter to

ground: and generator; the generator: conduector
being connected: to:trunk-‘TR.and the ground con-
ductor being connected:to trunk. TY,. This:open-
ing of the circuit into.the repeater effects the
release .of relay R but relay G is not released be-

cause. of :a circuit to: (-}). for this relay at a make
Relay: K also -applies a hold-
ing circuit to relay. L. The ground connected to

contact of relay K.

trunk conductor TT extends through the pre-

condition.. The generator applied to frunk con-
ductor- TR. operates: relay RG. of :the incoming
trunk repeater-over a.circuit which may he:traced

from. conductor TR, break: contact: of relay CT,
make.contact: of relay-LS; upper left hand wind-

ing of repeat coil RC, break contact of relay CSI,
resistor R3, make contact. of relay LS, relay RG

| 2,685,617
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is now: unbalanced it-is operated: for opening: uﬂ
the abave described. locking circuit: for-relay R'E,
thus effecting the release .of this relay. The
release of relay TM of the: incoming trunk re-

‘peater,. at the termination: of the ringing signal

from the distant office, switches:the HS .conductor
back to (&) ifor-releasing relay TL. of the con-
nector -because: -this. energizes: both windings:.of
this: relay in .oppasition, the. circuit to. ¢(—): ex=
tending: through. a. make coniact of relay: SW,
break: contact. .of relay  AA and a make .contact
of relay-RD. With relays: TL.and RT released,
the calied station is-rung over a . circuit extending

- from: the: common generator source GEN, upper

28

ductor RBT,

winding of relay RT, break contact of relay- TL,

‘break contact-of relay RT, break contact of .relay

CC, make contact.of relay: SW, wiper R, over the

- called line circuit; ‘wiper-'T, 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 callmg trunk over a._.circuit.exs
tending from the: common ring: back tone can-
make contact. of relay SW, cons-
denser €16, break contact. of relay R'T; condenser
C1, break contact of relay AB, conductor CR,
wiper SR of the selector; make contact of relgy
SW,; conductor R, break contact .of relay .CT,

make.contact of relay RD, make contact of relay

SW, right: hand windings 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, .conducior CT, break. .contact

viously: described. circuits ‘of the incoming trunk - of relay. AB of the connector, bhreak contact: of

repeater t0 the lower winding of relay CB. for
- -holding: this relay operated. during. the: ringing

relay: CS and upper winding of relay CB to (4-).

‘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: con=

- ductors are connected, thus the-operator in the

“andrectifier RFP'f in multiple, condenser C4, make

-contact-of relay LS, resistor R4, break contact of

relay- €S!. lower left hand winding of: repesat

coil RC; make contact of relay LS, break contact

45

of relay: CT, conductor TT and make contact of

relay K to.ground: This operates-the RG relay

- which-in-turn- closes an-obvious. clrcmt f@r Qper-

-aﬁbmg relay RGl: -
- When the. ringing key at the. cord clrcu:ft is
restored, relay- K" releases: for again energizing

50

‘the 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 RG1 relay operation the. circuit to the CB
relay is opened: for-effecting: the release. of this
relay-ang when relay RGI{ releases: at the end

of -the ringing signal, relay-CB is again operated.

- Relay 'TM-is also operated over a.circuit extend-

ing from (4-), make contact of relay RGi, make

contaet of relay RD.and winding of relay TM to
(—). The TM: relay is released:-when. relay RGi
“releases-to-open up-the: above: described circuit.
Relay RD: is- not ‘released  during. this ringing
operation because of & circuit extending from
(), make contact of -relay RG, break contact
of relay RS and winding of- relay RD :t0o- (—=).
TFhe-operation of relay TM: switches.the-HS con-

ductor from ( +) to (=) at.a make contact of

relay RD, thus- holding relay HS- operated by
- way of itslower winding. This (—) applied to.the
HS conductor extends to: the: lower winding of

relay: TL-of -the: connector and, since this: relay

b5
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distant. office hears the ring hack signal.

Tﬂ,lk and supervision-

When the c&lled party: removes the recenr&r t@)
answer. the-eal], relay R'T is operated, since- the
upper winding .of- this: relay is.in the signaling
circuit connected to- the called line. Relay RT
closes. a. locking eircuit for itself extending. from
(+) on gonductor MG, break contact of relay TL,

‘make eontact and lower. winding of relay. RT

to- (—). Answering-bridge relay AB of: the. con=
nector is now operated over a. cireuit- 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 relay
CS, make contact of relay RT, break contact:of
relay CC, make contact of relay SW, wiper T and

~aver the called: line and substation circuifs in

series, wiper R, make contact of relay SW, break.

contact: of relay CC, make contact: of relay. RT,

make: contact of: re1ay SW, break contact of-relay
CS. and. upper winding: of relay: AB-to: ¢—). It
will be noted that relay AB:reverses: the. battery

‘back over the trunk. conductors.to:the: selector
~which is in: econnection with this connector.

reverse battery is.of no-effect in: connection: with
a toll call, since the battery is extended back

through the right hand windings of repeat:coil
RC of-the incoming trunk repeater, with-no relay
connected in this circuit. The reverse battery:is
'70. -effective in. connection with a local call;

such..a

lIocal call being by way. of a.selector: (not an-in-

coming - selector) -in another group to which:.a -
“calling' line: is-connected  which may: require-re-
verse batiery for metering- or supervision:. puts
Pposes.

- Relay AB:closes a. clrcult for- operating
relay AA:-of the conneecior extending: from: (+4:;,
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make contact of relay AB, make contact of relay
SW and winding of relay AA fo (—). Relay AA
switches the HS conductor from (—) to (4) at
its uppermost make contact. This resulis 1n
(4+) potential being applied to both ends of the
HS conductor, since relay TM of the incoming
trunk repeater is released at this time. Conse-
quently, relay HS of the incoming trunk repeater
is released and relay TL of the connector is re-
leased at this time. The release of relay HS of
the incoming trunk repeater closes a circuit for
operating relay SR which may be traced ifrom
(4, 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 relay LS and winding of reiay
SR to (—). Relay SR changes the inter-ofiice
trunk from a wet to a dry condition by discon-
necting the windings of the CB relay of the in-
coming trunk repeater from the inter-office trunk
conductors. | |

It now becomes necessary to provide a sub-
stitute holding circuit for the CB relay of the
incoming trunk repeater. This holding circuit
may be traced from (1), upper winding of relay
CB, rectifier RF4, make contact of relay SR, re-
sistor R! and lower winding of relay CB to (—).
Since the inter-office trunk is now in a ary con-
dition (no battery flow over the trunk) relay R
in ‘the outgoing trunk repeater is de-energized
and released. 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
q circuit extending from (4-), make contact of

relay A, make contact of relay E, break contacy -«

of relay G and winding of relay M to (—). Re-
lay M closes an obvious circuit for operating reiay
N. The release of relay G opens up the above
described locking circuit for relay L: and, since
the operating circuit for the L relay is open 2t
a break contact of relay F, relay L is released.
The release of relay L: disconnects () from the
low resistance winding of relay A for providing
a high resistance circuit to relay SL of the cord
circuit, thus releasing this relay and extinguish-
ing 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 ied
t0 the called line by way of the AB relay windings

of the connector circuil, with the called line -

circuit being connected to the right hand wind-
ings of repeat coil RC of the incoming trunk re-
peater by way of condensers C% and CT of the
connector, with the left hand windings of the
incoming trunk repeater repeat coil being con-
nected to the inter-office trunk circuit in the
terminating office, with the right hand windings
of repeat coil RC of the outgoing trunk repeater
being connected to the trunk conductors in the
originating office and with the left hand windings
of the outgoing trunk repeater repeat coil being
connected to the toll cord circuit. It will be
undersicod that a toll line circuit may be con-
nected to the opposite cord (not shown) of the
toll board cord circuif.

When the called party hangs up the receiver,
relay AB is released for opening up and releasing
‘relay AA of the connector. The release of relay
AA switches the HS conductor back to (—) at
the uppermost make contact of relay RD. Since
relay TL is now differentially energized, it will
not be operated at this time. Relay HS of the
incoming trunk repeater is energized by this

switch in potential on the HS conductor. The
operation of relay HS opens up and releases relay

o
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trunk repeater circuits to normal.

16

SR, which in turn re-connects the windings of
relay CB of the incoming trunk repeater to the
inter-office trunk cireuif, thus energizing the
inter-office trunk for operating relay R in the
outgoing trunk repeater. Relay R-closes an ob-
vious circuit for operating relay G, and relay G
closes the above described circuit for operating
relay B. The operation of relay P applies (4
to the sleeve of the jack and cord circuits by
way of the low resistance winding of relay A
for operating relay SL of the cord circuit, this
relay in turn closing the circuit for lighting lamp
SIG as an indication to the operator that the
called party has hung up the receiver. The op-
erator of relay & opens up and releases relay M
and this relay in turn opens up and releases
relay NN. |

Re-ring

The circuits are now in condition for the opera~
tor to re-establish the ringing of the called line
if so desired. This is brought about in the same
manner as the original ringing circuit, 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 ap-
plies generator to the ring trunk conductor and
oround to the tip trunk conductor, the generator

operating relay RG of the incoming trunk re-

peater and the ground holding relay CB of this
repeater to prevent release operations of the cir-
cyit. Relay RG closes an obvious circuit for
operating relay RG! and this relay in turn ob-
erates relay TM for switching the HS conductor
from () to (—). This switch in the HS con-
ductor operates relay TL, in the previously de-
seribed manner for opening up the locking cir-
cuit of relay RT of the connector, thus re-estab-
lishing the ringing circuit. The remainder of
the circuit operations, supervision and called
station response, are the same as previously de-
scribed.

Release after called party has hung up
“When the operator gets the above described

) supervision indicating that the called party has

hung up the receiver, she may remove the plug

from 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
circuit to normal and the release of relay A opens
up and releases relays {SA and 2SA In sequence.
The ralease of relay A also effects the release of

relays E and P by removing (4) from the cir-

cliits of these relays at the uppermost make con-
tact of the A relay. The release of relay A also
opens up the inter-oifice trumk circult ior re-
leasing relay R, this relay in turn opening up
and releasing relay G. Relay F opens up and
releases relay P, thus the outgoing trunk re-
peater circuits are restored to normal and the
inter-office trunk conductors are opened at the
originating office.

The opening of the inter-office trunk at the
originating office releases relay CB of the inconm-
ing trunk repeater for opening up and releasing
relay RD, this relay in turn opening up and
releasing relay SW, thus restoring the incoming
Singce relays
SW and CB of the incoming trunk repeater are
now released, the trunk conductors leading 1io
the connector are de-energized for effecting the
release of relays CB and RD of the connector
circuit. Relay RD disconnects (L) from con-

duector MG for releasing relays RT and SW. The

release of relay SW disconnects (4) from con-
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nector 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 con-
vacis 2X0ON and 2YON and winding of magnet
ZM to (—). When the switch is restored fto
normal, the X and Y off normal contacis are
opened for de--energz ing magnet ZM, thus re-
storing the ¢onnector circuits to normal.

" Relay RD of the connector disconne ﬂts ()
from conductor CS for rendering the connsctor
circulf idle (magnet ZM applies (+) to con-
ductor CS momentarily for protscting the con-
- nector circuit until the switch is completely
restored to normal) and for releasing relay SW
of the incoming selector. The release of relay
SW closes an gbvious circuit through break con-
tacts of relays RD and SW for releasing the
selector switeh, thus restoring the selecior Lo
normal.

necéed to (+) at both ends for controlling opera-
tions In the previously descrlbed manner in
gonnection with the next call. |

Release bejore cailed party has hung up

From the above description it wili be cobserved
vhat, due to the interofiice trunk being dry while
the called party is on the line, relay CB of the
incowing trunk repeater is energized locally and
not over the trunk cirecuit. This means that some
additional arrangement must be provided for
releasing the connection under this condition.
'This release function is provided by the {SA gnd
£8A relays of the outgoing trunk repeater. When
the operator takes down the connection under
this condition, relay A is released for releasing
relays {SA and 2SA in seguence, as previously
rointed out. - When relay A releases and heiore
relay 28A has released, (—) is connecied to tip
trunk conductor I’ for operating relay RS of
the incoming trunk repeater over a circuit which
‘may be traced from (—), resistor {%RS, make
contact of relay 2SA, break 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 CSti, resistor R4, break contact of relay
RGH, make contact of relay SR (operated at this
time to render the inter-office trunk dry), re-
sistor R2, break contact of relay RS, break con-
tact of relay CS, winding of relay RS, make
contact of relay RD, make contact of relay CB

(held operated through make contacts of relay .

SR) and break contact of relay CT to ().
Relay RS operates and closes a locking cireuit

for itself to (—) by way oi its make-before-

break contact and over the previously described

circuit to (4-), this circuit remsaining closed until

relay RID is released, the release of the RD relay
being effected by the opening of the breaxk con-
tact of relay RS. The release of relay RD effects
the release of relay SR and the restoration of
the circuits of the incoming trunk repeater 1o

normal, including the release of relay RS and -

any other relays of this circuit which are oper-
ated at this time. The trunk conductors leading
to the selector and conhector are opened by the
release of relay CB of the incoming trunk re-
peater for releasing the selector and connector
circuits. This trunk circuit leading to the seleec-
“tor and connector circuits is, of course, switched

t0 contacts of the CB- relay when rela,y SW is

| released by the release of relay RD

This restores all circuits used in ths.
connection to normal, conductor HS bemw cON-~

I
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Switchz‘ﬂg through operation of incoming trunk
| - repeater

In some mstallatlons it i1s required that the
inter-office trunk conductors be connected
straight through to the battery feed circuit of
the connector, thus removing repeat ccil RC of
the incoming trunk repeater from the circuirt.
On selector levels at which this operation 1S
required, the @ wire is connected to the terminals
of the X wiper of the selector, as indicated by

Mote & on the Fig. 6 drawing. When the selector

switohes connector on such a

Ll

through to the

level, the coperation of the selector SW relay

closes a circuit for operating relay CT of the
incoming trunk repeater, this circuit being traced
)y, conductor @, wiper X, make contact
of relay SW, conductor LM and winding oi relay
T 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 opens up
the HS conductor for canceling the HS control

~ on a call of this class and it disconnects (4-) from

95

=~ trunk.

thie contact of reiay CB to prevent the operation
of the TM relay on this type of call. It will thus
ve seen that, on a call of this class, the incoming
trunk repeaier operates to repeat impulses to
the incoming selector but after this selector seizes
thwe connector, all relays of the incoming trunk
repeater are de-~energized except relay CT so
that the inter-office trunk control is now directly
0 the CB relay of the connecior, thus removing
ail repeat coils in the terminating office from the
When the connection is released, the
release of the SW relay of the incoming selector
{:pﬂns up ang releases relay CT of the incoming
trunk repeater for 1estor1ng the circuits oi this
repegater to normal

 Call to busy line

v will be recalled that relays PD and XD are
released in sequence following the receipt of the
station digit by the connector. With relay PD
reieased and before relay XD is released a circuit
is closed for operating relay BT extending from
(--) on vhe sleeve terminal of the called busy
ine, wiper S, break contact of relay PID, make
contact of relay XD and winding of relay BT
50 (—). The opening of the lowermost break
contact of relay BT opens up the operating wind-
ing of relay SW {0 prevent the operation of this
relay on a call to a busy line. Busy ftone is con-

nected back to the calling line over a cireuit

- .Ehtending from comimon busy tone conductor BT,
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- tently operated for providing g 60 I. P. M.
- to the operator at the toll board. Each operation

make contact of relay BT, break contact of relay
SW, lower winding of relay AB, break contact of

-re};a.y CS, condenser C8, break contact of relay

AB ang over conductor CT and wiper ST of the
selector to the repeat coil of the incoming trunk
repeater, at which point the tone is fepeated to
the calling line by means of the induzsd current
from the right hand winding of this cml to the
ieft hand winding, to which the cahmg lme is

connhected.

With relay BT of the connector operated, g cir-
cuit is closed for intermittently operating relay
AA, this cireuit extending from the common fAash
m‘aerrupter gesignated 60 I. P. M., make contacs
of relay BT, break contact of relay SW and wind-
ing of relay AA to (—). Relay AA is intermit-
lash

of relay AA switches the right hand terminals
of relay TL of the connector from (-) to (—)
at the uppermost make contact of relay RD.



2,685,617

_ 19

This does not operate relay TL because of its dif-
ferential connection, but it does operate relay HS
of the incoming trunk circuit, consequently relay
HS is intermittently operated to repeat the flash
interrupter signhals from the connector. The first
operation of relay HS of the incoming trunk re-
peater closes a circuit for operating relay S5 ex-
tending from () on conductor S, make contact
of relay HS and winding of relay LS to (—).
Relay LS is locked operated to (4-) on conducior
S over g eireuit which is independent of the make
contact of the HS relay. Relay SW is operated
ot this time over a circuit extending from (4)
on common conductor 120 I, P. M., lower winding
of relay SW, make contact of relay IS, break
contact of relay SW and make contact of relay
RD to (—). Relay SW locks itself operated over
o, circuit extending from (<), upper winding of
relay SW, make contact of relay SW and make
contact of relay RD to (—). Relay LS reverses
the trunk line conductors extending kack to the
originating office and relay SW switches the
trunk conductors leading to the connector Irom
o, circuit including the make contact of relay €5
to the right hand windings of repeat coil RC.
When relay HS is released, following its first op-
eration, relay SR is operated over a circuit whici
may be traced from (), break contact of relay
CT, make contact of relay CB, make contvact of
relay RD, break contact of relay HS, make con-
tact of relay RD, make contact of relay LS and
winding of relay SR to (—). At the next op-
eration of relay HS, this SR relay circuit 1s
opened for releasing this relay, consequently re-
lay, consequently relay SR follows the intermit-
tent operations of relay HS. |

When relayv LS of the incoming trunk repeater

raverses the trunk line conductors, relay E is op-

erated and locked in the previcusly describea
manner. Relay B inserts the winding of relay R
in the trunk circuit for operating this relay and
relay B is operated over the previously described
cireuit including a make contact of reiay &, kwe-
lay R choses an obvious circuit for operating re-
lay GG and relay & closes a circuit for operating
relay P extending from (4), break contact of
relay N, make contact of relay &G, break contact
of relay J, make 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 intermittent
wet and dry conditions. This is effective to in-
termittently energize relay R of the outgoing
trunk circuit for intermittently operating relay
G, which in turn effects the intermistent opera-
tion of relay P. Relay P intermittently applies
() potential through its uppermost make con-
tact to the low resistance winding of relay A ior
intermittently operating relay SL of the cord cir-
cuit, thus providing an interimittent flash of lamp
SIG. Since the busy tone is coming hack over
the inter-office trunk circuit, the operator re-
ceives this tone as well as receiving an intermit-
tent visusl indication that the called line is busy
by the 60 cycles flash of lamp SI1G.

When the operator takes down the connection,
relayvs SL and A are released for releasing all of

the equipment in the previously described man-
ner.

Call to busy trunk group

Tt will be assumed that all connectors of the
connector group are busy, thus the incoming se-
lector goes to overflow for switching the overilow
contacts of the sleector of Fig. 6. Relays SW of

10

20
the selector is not operated on this call because
its upper winding is opened at overilow confact
30F. It will be observed that overflow contact

20F applies busy tone back over conductor T to

the ineoming trunk repeater, but this circuit is
not connected to the repeat coil winding uniess
relay SW of the repeater is operated. Relay SW
does not operate on this call because the 120
I P. M. pulses operate relay HS over a circuly ex-
tending from (4), break contact of relay TM,
upper winding of relay HS, break contact of relay
CT, conductor HS, break contact of relay SW,
overfiow contact 10F and resistor I3RS to the 129
T. P. M. (—) pulse source. This same source of
(—) pulses is applied to the lower winding of
relay SW of the incoming trunk repeater, it
being understood that during the intervals he-

 tween these (—) pulses the 120 I, P. M. com-
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mon conductor is connected to (). Conse-
quently, while relay HS is operated by the (—)
pulses, relay SW cannot be operated through the
make contact of relay HS because (—) is applied
to both terminals of the lower winding of relay
SW. During the interval between these (—)
pulses, the (4) potential on common conductor
120 I. P. M. does not complete a circuit through
the lower winding of relay SW because, at this
time, relay HS is released for opening up this low-
er winding. This means that relay HS will e in-
termittently operated to provide a 120 I. P. M.
signal back to the operator’s position but the op-
erator will not hear the busy tone because the
busy tone circuit is disconnected from the re-
peat coil of the incoming trunk repeater to which
the operator’s talking eireuit is connected. The
release of the connection on a2 c¢all of this ¢lass is
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.

Autometic coin control

Tt will first be assumed that the operater takes
down the connection after the called party has

57 hung up the receiver and that the automatic coin

collect operation is to be effected. If the coin i3
to be returned, the operator applies coin return
hattery to the called line while the called party
still has the receiver off the hook, this operavion
neing described later.

In accordance with the note relating to the
connection of HS bank terminals of the connec-
tor, it will be obvious that relay PS is operated on
a call from toll to a paystation line. The circuit
may be iraced from (4) on the S terminal as-
sociated with the called line, wiper HS, make
contact of relay SW, make contact of relay TL
and winding of 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 receiver
at the called station hung up, relays AD and AA
are in their de-energized conditions, consequently
(—) from the make contact of relay RD 1s ex-

- tended through break contact of relay AA and

70

make contact of relay SW to both windings of re-
lay TL to the HS conductor and, since this con-
ductor is connected to () at the break contact
of relay TM of the incoming trunk repeater, the
HS conductor is energized but relay TL of the
connector is not operated because of its differen-
tial connections. Relay HS of the incoming trunk
repegter is operated because its lower winding is
short circuited and its upper winding is energized.
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The operation of relay HS at this time provides
the previously deseribed wet supervision. When
the connection is released, in the previously de-
seribed manner, when the operator takes down
the connection, relays CB and RD of the conhec-

 relay RD removes (4

tor are released. Relay RD disconnects (4) from

conductor M but relay PS maintains (4) on
this conductor by way of a circuit extending
througsh make contacts .of relays PS and SW.
This same circuit locks all of the relays operaved
which were previously locked to the MG conduc-
tor. Since the release magnet of the connecicr

163

switeh is open at a break contact of relay PS, the

switch is not released. The release of relay RD
disconnects (--) from sleeve conductor C3 SO
that the selector and incoming trunk repeater
circuits are restored to normal.

Coin collect relay CC is now operated over a
circuit which may be traced from (+4), break
contact of relay RD, break contact of relay Aa,
break contact of relay YD, make contact of relay
PS and winding of relay CC to (—). Relay CC
closes a first locking circuit for itself extending
from (), make contacts in series of relay PS,
make co*ltact and winding of relay CC to (—).
118(+) is now applied to the called line for
operating the coin collect apparatus at the sub-

station on this line, this circuit being traced from
iiﬁ(—]— larmap ML, make contact of relay PS,
make cmtact of relay CC, make contact of relay
- gw and wiper R to the ring side of the called
line. This same circuit is extended by way of an-
other make contact of relay CC and another make
contact of relay SW to the tip side of the called
line. Relay YD is now operated over a circuit
extending from (-), make contact of relay CC,
make contact of relay PS and lower winding of
relay YD to (—). Relay YD closes a circuit for
cperating relay PD which may be traced Irom
(4-), make contact ol relay CC, make contact of
relay YD and lower winding of relay PD to (—).

B O
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‘relay YD to (—).

Y ¢oin control operation,
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- but at this time relay PS is operated for main-

taining (4-) on conductor MG. The release of
) from conductor CS ior
releasing the preceding circuits in the previously
described manner and it also closes a circuit at
this time for operating relay YD which may be
traced from (), break contact of relay RD,
make contact of relay AA and lower winding of
The circuits stay in this condi-
tion until the called party hangs up, at which
time relays AB and AA are released. With relay
Y operated and with relay AA operated, (4) is
re-applied to conductor CS for holding this con-
nector busy until the called party releases. 'This

3 eireuit may be traced from (4-), make contact of

relay YD and make contact .of relay AA to con-
ductor CS. Now when relay AA is released, this
circuit is opened for rendering the connector cir- -
cuit idle and again selectable.

Recalling that relay PS is locked opera'ted at
this time, it will be observed that (-}) 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
‘Now when relay AA is re-
ieased by the called party hanging up the receiver,
the above described circuit to relay YD is opened
and, since relay CC is not yet operated, the YD
relay is released. A circuit is now closed for oper-
ating relay CC which may be traced from (),
break contact of relay RD, break contact 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

> civeult for itself and it applies {16(4) to the

~ called line in the previously described manner.

40

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 locking circuit for relay CC =

but before this happens a second locking circuit

g LAY
o et

is closed for relay CC by the operation of relay

PD, this locking circuit being traced from ()
on conductor MG, off normal contact IYON,
make contact of relay PD, make contact and
winding of relay CC to (—). The release of re-
lay PS opens up the above described circuit for
relay YD, this relay releases and opens up and
releases reiay PD, this relay in turn opening up
the above described second locking circuit for
relay CC for effecting the release of this latter
relay. The release of relay CC removes (+-) 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 release magnet circuit is closed
for restoring the connector switch to normal. It
will be obvious that i{6(4) is disconnected from
the called line by the release of relays PD and PS.

in the eventi that the operator takes down the
connection before the called party hangs up, then
relays AR and AA are in their operated positions.
This connects (4) to the HS conductor through

the lower winding of relay TL at the connector

and, since () is connected to the HS conductor
through both windings of relay HS of the incom-

ing trunk cirecuit, 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 conductor MG,

ot
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- Reiays YD and PD are again operated for open-

ing up and releasing relay PS, with this relay
opening up and releasing relays YD and PD in

' sequence, all as previously explained. Relay CC

is iccked operated by means of its second locking
circuit{ when relay PD operates and when relay
FD releases, this second locking circuit is opened
for releasing relay CC. This disconnects ()
from conductor MG for releasing relays RT and
SW, the switch being restored to normal in the
previously described manner. The release of re-
lays PD and PS disconnects [{8(4-) from the
called line, thus restoring the circuits to normal.

M _an.ual coin control

This is a case where the operator desires to
collect or return the coin at the called paystation
while the called party is still on the line. With
the circuits in this condition, relays CB, RD, AB
and AA of the connector, as well as various other
reiays, previously explained, are in their operated
conditions. 'The operator applies {{8(4) or

113(—) to the tip side of the cord and outgoing

trunk eircuit by means of the coin collect or coin
return key. This coin potential is extended by
way of conductor T, upper left hand winding of
repeat coll RC of the outgoing trunk repeater,
make contact of relay F, winding of relay D,

5 resistor IR and break contact of relay L to ().

Relay D operates and closes an obvious circuit
for operating relay H. It will be obvious that
relays A, E and ¥ of the outgoing trunk repeater
are operated, relay R not being operated 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 conductor TT by way of a
break contact of relay K. At the first energiza-
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tion of the 60 I. P. M. common conductor, fol-
lowing the operation of relay H, relay J is oper-
ated over a circuit extending from this cocmmon
conductor, make contact of relay H, break con-
tact and upper winding of relay J vo (—). Relay
J locks itself operated over a circuiv extending
from (4-), make contact of relay H, X make con-
tact and bhoth windings in series of relay S to
(— ), the operation of relay J disconnecting the
common conductor from ifs upper winding.
When the comimon interrupter is disconnected

1€

from the upper winding of relay J it is switched

into connection with the winding of relay P by
way of make contacts of relays H, J and ¥, Con-
sequentvly relay P is intermittently operated by
the pulses appearing on the common 60 I. 2. M.
conductor. The release of relay P connects the 6

coniguctor T (to which the coin batiery is con-
necved) by way of a make convact of relay H,
break contact of reiay P, make contact of reiay I
and break contvact of relay X 1o the inter-office
conductor TR. Before relay P releases, (1)
through resistor %R is connected back o the coin
hattery, consequently relay P shifts the coin con-
trol circuit from () through resistor R to ()
through relays in the incoming trunk repeater
over g circult which has approximately the same
vaiue of resistance as resistor 9R, so that the
lamp in the coin conirol circuit is not flashed.
This coln potential applied to conductor TR
extends through break contact of relay CT of
the incoming itrunk repeater, make contact of
relay LS, upper left hand winding of repeat coil
RC, break contact of relay CSi, resistor R3,
make coniact of relay LS, winding of relay CS,
(shhe shori circuit across the winding of relay
CS being removed because relay SR i3 operated
at this time), resistor RE and break contact of
reiay RG to (). Relay CS operates and closes

o clreuit for operating relay TM extending from °

(), make contact of relay CS, make contach
of relay RD and winding of relagy TM to (—).
Relay TM closes an operating civeuit for relay
CS4 which may ke traced from (), break con-
tact of relay CT, make contact of relay CB, makse
contbact of relay RD, break contact of relay HS,

make contact of relay RD, make eontact of relay

Cl, make eontacy of relay TM and upper winding
of relay CSi to (—). Relay CSi opens up the
above described operaving circuit for relay CS
for releasing this relay, relay CSi now being held
ocperated by means of the () applied {0 con-~
dqucter T'C by relay H of the cutgoing trunk re-
peater (previously deseribed), break contaet of
relay CT, make contact of relay LS, lower left
hand winding of repeat coil RC, make contact
and lower winding of relay CSi to (—). Relay
CBi mainiains a holding circuit for relayv TM.
When relay TM operates, the HS conductor is
switched from (+) to (). This prevents the
cuperation of relay HS of the incoming trunk re-
peater because both its windings are now ener-
gized in opposition, the circuit for its upper wind-
ing leading by way of the HS conductor to (4-)
at both windings of relay TL of the connecior,
the lower winding of this relay extending 1o
(--) througihh make contacts of relays SW and
AA. Relay TL of the connector is operated by
this switch in the HS conductor, for closing an
onerating cireuit for reiay CS of the connector
wnich may be traced from (+4), make contact of
relay TL, make contact of relay AA and winding
of relay CS to (—).
places a holding circuit across the AB relay of
the connector, this circuit being traced from

o4
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(--), upper winding of relay CB, make contact
of relay CS, resistor 28RS and upper winding ol
relay AB to (—). I{ will be observed that this
holding circuit also holds relay CB operated for
preventing the release of the connector gircuiis
a2t this time. The incoming trunk conductors
are now connected directly 1o the connector
wipers, conductor CT being traced through make
contact. of relay AB, make contact of relay CS,
make coniact of relay RT, break contact of reiay
CC and make contact of relay SW o wiper R.
Conductor CR may ke traced through a make
contact of relay AB, make contact of reiay CS,
malke contact of relay RT, break convact of relay
CC and make contact of relay SW to wiper T,

Referring back 1o the originating cifice, the
coin control potential intermittently applied to
inter-cfiice irunk conductor TR, as previously
pointed out, is connecied 10 both rectifiers RIFE
ad RS of the incoming trunk repeater through
a malke convact of relay CSE. If 1§#8(4-) is con-
nected at the cord circuit, curreni wiil flow
through rectifier RF3 and winding of reiay CC
to (4-) on conductor TT at the make contacs of
relay H of the outgoing ftrunk repeater, while
it 118(—) is applied at the cord circuii, current
will flow through reciifier RF2 and winding of
relay CR to this ({-) in the originating oiiice.
Conseguenscly, relay CC will operate irom coin
collect patiery for extending 118(+4) at a make
coneact of relay CC, by way of a hreak contaci
of relay CR, lamp ML, winding of relay CA,
make contact of relay CSE, make contacis in
muleiple of relay TM, make contacis of relay
2VW, break contacts of relay CT, conguctors 'U
and R, make convacts of relay SW of the selecior,
wipers ST and SR, conauctors C1T and CR and
over the previously. descrived clear circuits o
the tip and ring conductors of the cailled line
1oy operating tiie coin mechanism at the called
station in the well known manner for coliecting
the coin.. I relay CR is operated then ii§(—)
is exiended over the same circuit for operating
the coin mechanism at the called station for
refunding the coin., REither coin coliect or coin
return current applied to the called line operates
velay CA at. each operation of the CO or CR
relay and since the CC or CR relay will be in-
termiitently operated by the intermittent oper-
ation of relay P in the outgoing trunk repeater,
lamp ML will flash as an indication to the at-
vendant in the terminating office that the incom-
ing trunk repeatver is effecting a coin control
gperation.

Thie operator in the distant toll office gets a
steady lamp (lamp shown connected 1o coin con-
trol key of corgd cirecuit, it being undersicod that
the coin hattery may come through a relay
winding, withh the relay having a make contact

in a loeal lamp cireuiv) to indicate thai coin po-

tencial is being applied to the called line and
that the coin has not yeb been disposed of at the
coin bhox., This is because the intermittent oper-
avlons of relay P in the outgoing trunk repeater
Go not matierially change the value of the cir-
cuit of the lamp (or relay) in the coin supply
2t the cord circuit., With relay P operated, the
¢coln supply circuit leads to (<) through resisior
88, which may be 1800 ohims for examuple. With
relay P released, the coin supply circeuit is ex-
vended over the R trunk, break contact of relay
C'l, make contact of relay LS, upper left hand
winding of repeat coil RC, make contact of re-
lay CS1, make contact of relay CC or CR (im-
mediately operated by the coin current), resistor
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R0, which ma,y be 500 ohms. for example make_

contact of relay CA, make contact of relay CSi,

lower left hand winding of repeat coil RC, make

contact- of relay LS, break contact of relay C¥
and trunk T to (+).
trunk conductors, plus the two repeat coil wind-
ings equals 500 ohms, then the total resisiance
in this circuit is 1000 ohms. Thereiore, the in-
termittent operation of relay P maintains the
Iamp steadily illuminated., When the coin is
disposed of, relay CA cannot operate when €oin
battery is next applied to the line, consequently
the only path to (+) for the coin current at the
cord circuit is 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 cireuit is de-energized while relay P
is released and energized while relay P is oper-
ated, thus resulting in a flashing lamp to indicate
that the coin has been disposed of.

- The operator now resteres the key to nermal
thus disconnecting coin control battery from the
trunk circuit, restoring the eircuits to their pre-
viously described condition, with: the plug still in
the jack and the ealied party still on the line.
When disconnection takes place, the circuit oper-
ations are all as previously described. -

Having described an inter-office toll switching
system as particularly adaptable for use in au-
tomatic telephone systems as one specific embodi-
ment of the present invention, it is desired teo be
understood that this form is seleeted to facili-
tate the disclosure of the invention rather than
to limit the number of forms which it may as-
sume and it is to be further understood that

various meodifications, adaptations and altera-
tions may be applied to the specific form shown -

to meet the regquirements of practice, without
in any manner departing from the spirit-or scope
of the present invention except as limited by
the appended claims. |

What we claim is:

1. In a telephone system, an operator’s posi-
tion, a dial office, automatic switches and tele-
phone lines in said office, a supervisory signal
at said operator’s position, a pair of trunk lins
conductors interconnecting said operator’s posi-
tion and said automatic switeches, Supervisory
signal contrel means operative to intermittently
establish a direct current flow over said trunk

Iine conduetors, means controlled from said op~

erator’s position over said trunk line conductors

~ for setting said automatic switches to establish
a talking and signaling circuit from said oper-

ator’s position to any of szid felephone lines,

means controlled in response to the setting of .

one of said automatic switches on to the ter-
minals of a busy one of said telephone lines for
applying a busy tone to said trunk line con-
ductors and for operating said supervisory sig-
nal control means, and means controlled by the
intermittently established direct current flow over
said frunk line conductors for ﬂashmg sald
supervisory signal. .

2. In g telephone exchange system an oper-
ator’s position, automatic switches, telephone
fines, a supervisory signal at sald operator’s
position, a2 trunk line for inferconnecting sald
operator’s position and said automatic switches,
supervisory signal control means operative to in-

If the resistance of the
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phone lines, means controlled in response to the

setting of said switeh on to terminals of an idle
- telepheone line for establishing a steady direct
current flow over said trunk line, means con-

trolled in response to the setting of said switch
onn to the terminals of a busy telephone line for
operatving said supervisory signal control means
t0 establish: an intermittent direct current flow
cver sald trunk line conductors, means con-
trolled by the steady flow of direct current over
said trunk Hine for steadily displaying said super-
visory signal, and means controlied by the inter-
mittently established direct current flow over said
trunk line for fashing said supervisory signai.
3. In & telephone exchange system, an oper-
ator’s position, automatic switches, telephone

lines, a supervisory signal at said operator’s

position, a trunk line interconnecting said op-
erator’s position and said automatic switches,
supervisory signal control means operative e in-

termittently establish a direct current flow over

said trunk line, means controlled from said op-
erator’s pesition over said trunk line for setting
one of said automatic switches into connection
with terminals of any one of said telephone lines,
means controlled in response vo the setting of
said switch on to the terminals of an idle tele-

phone line for establishing z steady direct cur-

rent flow over said trunk line, means controlled
in response to the setting of said switch on to
the terminals of a busy telephone line for oper-
ating said supervisory signal convrol means to
establish an intermitient direct current flow over
said trunk line, means controlled by a steady
direct current flow over said trunk line for steaqily
displaying said supervisory signal, means con-
trolled by the intermittently direct current fiow
over said trunk line for flashing sald supervisory
signal, and means controlled by the response of

the called party when said switch is set on the

terminals of an idle line for preventing the es-

tablishment of any direct current flow over said

trunk line and thereby preven’rmg the dlqzcﬂ ay
of said supervisory signal. S

4. Tn g telephone exXchange system, an opera-
tor’s position, automatic selector and connector
switches, telephone lines, a. signal at said oper-
ator’s position, a trunk line inter-conneecting said
operator’s position and said switches, means con-
trolled from said operator’s position over said

trunk line for setting a selector switch into con-

nection with terminals of a connector switch,
means controlled from said operator’s position
over said trunk line for setting said connector
switch into conneetion with terminals of any one
of said telephone lines. means controlled in re-

- sponse to the setting of said connector switch on

 to the terminals of an idle telephone line for
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steadily energizing said trunk line, means con-
trolled in response to the setting of said connector
switch on to the terminals of a busy telephone
line for intermittently energizing and de-ener-
gizing said trunk line at a first rate, means con-
trolled by the steady energization of said trunk
line for steadily displaying said signal, means
controlled by the intermittent energization of

said trunk line at said first rate for flashing said

- sienal at said first rate, means controlled in re-

70

termittently estaklish a direct current fiow over

said trunk line conductors, means controlled from
said operator’s position over szid trunk line for
setting one of said automatic switches into con-
nection with terminals of any one of said tele-

-

sponse to said selector switch finding no path
available o a connector switch for intermittently

energizing and deenergizing said trunk line at a
second rate, and means controlled by the inter-
mittent energization of said trunk line st said
second rate for ﬂa,shmg said =ignal ab said Sﬁu*

ond rate
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5. Th a telephone exchange systein, an CPEra~-

tor’s nosition, automatic selecicr and connector
switches, telephone lines, g signal at said oper-
stor’s position, a trunk line inter-connecting said
cperator’s position and said switches, means con-
trolled from said operator’s position over said
trunk line for setting a selector switeh into con-
nection with terminals of a2 connecior switch,
means controlled from said operator’s position
over said trunk line for setting said connecior
switech into connection with terminals of any one
of said telephone lines, means controlled I re-
sponse to the setting of said conunector switen on
to the terminals of an idle telephone line ior
steadily energizing said trunk line, means con-
trolled in response to the setting of sald con-
nector switch on to the terminals of a busy tele-
phone line for intermitiently energizing and e
energizing said trunk line at a first rave, means
controlled by the steady energization of said
trunk line for steadily displaying said signal,
means controiled by the intermivtent energina-
tion of said trunk line at said first rate for flash-
ing said signal at said first rave, means controlied
in respense to said selector switeh finding no path
available to a connector switen for intermittently
ehergizing and de-energizing said trunk line ab a
second rate, means controlied by the intermittend
energization of said trunk line at said second
rate for flashing said signal av said second ratve,
means for transmitting a busy tone to said ob-
erator’s position when said signal is flashed ab
said first rate, and means for preventing the
transmission of a busy tone to said operator’s
position when said signal is flashed at said sec-
ond rate.

8. In an automatic telephone system, an orig-
inating office and a terminating office inter-con-
nected by a trunk circuit, a selector in said ter-
minating office having acgcess to a plurality orf
levels, a level marking wiper on said selector mov-
able concurrently with the level selecting move-
ment of said selector, a pair of trunk line con-
ductors incoming to said selector, a group of oui-
ocoing trunk line conductors accessible to said
selector for each of said levels, a plurality of ter-
minals, each of said terminails being positioned
t0 he engaged successively by said wiper as said
selector is successively advanced to the selector
levels, an incoming trunlk repeater terminating
said trunk circuit in said verminating office,
means in said incoming trunk repesater induct-
ively connecting said trunk cirecuit to tne trunk
line conductors incoming 1o said selector, receliv-
ing and repeating means in said tank_ repeater
contrelled from said originating office for re-
ceiving and repeating impulses from said orig-
inating office to said selector whereby said selec-
tor selects any one of said levels, and means con-
trolled by said level marking wiper and prede-
termined ones of sald terminals for conductively
conneacting said trunk circuit te the trunk line
conduciors incoming to said selector when said
selector is operated to select predetermined ones
of sald levels.

7. Inn a telephone e:»rchangre system, an opera-
tor’s position, a dial office, autcmatic switches
1N said dial office, a line terminating in said dial
cgice, g substation on said line, a toll switching
trunk connecting said dial oﬁice withh saigd (oll
oifice, means controlled from said operator’s ro-
sition over the conductors of said trunk for sei-
ting sald automatic switches to establish a con-
necticen Ifrom said operator’s position to said ling,

means including a source of current for energiz-
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ing said trunk conductors when said connecvion
has been established and before tie siation on
said line has answered the cali, means convrolled
from said cperator’s position for de-energizing
said trunk conductors for releasing said connec-
tion before said station has answered the call,
means responsive 1o the answering of the call at
said station for de-energizing said srunk conduc-
tors, means at szid operator’s vositicn for ap-

nlying a pulse to one of said trunk conduciors,

and means conirolied by the pulse applied vo sald
ane trunk conductor for releasing sald connec-
tion while the called station is still on the line.
8. In a telephone exchange system, & battery
having g first and a second ferminal, an ogera-
tor’s position, a dial office, connactor switches
and telephone lines in said dial office, & signal
at said operator’s position, & trunk circuit infer-
connecting said operator’s position and said dgial
office, a trunk repeater terminating said trunk
circuit in said dial office, a pair of line conductors
and a signaling conductor extending from said
trunk repeater to one of s3id connecior swilches,
means controlled from said operator’s position
over said trunk circuit for setting sald one con-
nector switch on to terminals of one of said tele-
vhone lines, a frst differential relay at said trunk
reneater and a second differential relay at sald
connector each of said relays having Ifirst and
second windings, a first conductor connected o
the mid-noint of the windings of said first relay
and to said first battery terminal, 2 second con-
ductor connected to the mid-point of the wind-
ings of said second relay and to said first batiery
terminal, a control conductor inter-connecting
said seccond windings of said relays, sald firss

winding of each of said relays being connected

to said first battery terminal, means controlled
in response to the setting of said connector switch
on to the terminals of said telephone line wnen
idie for switching said second conductor from
said first battery terminal to said second bat-
tery terminal thereby energizing said second
windings of said relays over said conirel con-
ductor and at the same time energizing the frst
winding of said second relay in opposing rela-
tion to said energization of said second winding
of said second relay and at the same time shunt-
ing saig first winding of said first relay, said
second relay remaining in its normal position n
response to said energizing circuits for its first
and second windings and said firsy relay operas-
ing in respcnse to said energizing circuls for its
second winding, and means conoroiled by sz2id
cperation of said first relay for displaying said
signal.

9. Tn & telephone exchange system, a battery
having g first and a second terminal, an opera-
tor’s position, a dial office, connecitor switches
and telephone lines in said dial office, a signal at
said operator’s position, g trunk circult inter-
connecting said operator’s position and said dial
office, a trunk repeater terminating said trunk
circuit in said dial office, g pair of line coenduciors
and a signaling conductor extending from said
trunk repeater to one of said connector switches,
means controlled from said operator’s position
over said trunk circuit for setting said one con-
nector switeh on to terminals of one of said tele-
rhone lines, g first differential relay at said trunk
repeater and a second differential relay at sald
connector each of said relays having first and
second windings, a first conductor connected to
the mid-point of the windings of said first relay
and to said first battery terminal, a second con-
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ductor connected to the mid-point of the wind-
ings of said second relay and to said first bat-
tery terminal, a, conirol conductor inter-con-
necting said second windings of said relays, said
first winding of each of said relays being con-
nected to said first battery terminal, means con-
trolled in response to the setting of said connec-
tor switch on to the terminals of said telephone

line when busy for intermittently switching said
second conductor from said first battery terminal |

to said second battery terminal thereby inter-
mittently energizing said second windings of said
relays over said control conductor and at the
same time Iintermittently energizing the ifirst
winding of said second relay in opposing relation
to sald energization of said second winding of
said second relay and at the same time shunting
said first winding of said frst relay, sald second
relay remaining in its normal position in response

to said energizing circuits for its first and second

windings and said first relay intermittently oper-
ating in response to said energizing circuit for its
second winding, and means controlled by said in-
termittent operat;on of said ﬁrst relay for flash-
ing said signal. |

16. In g telephone exchange system a ba,ttery
having a first and a second terminal, an opera-
tor’s position, a dial office, connecto.t switches
and telephone lines in said dial office, a signal
at sald operator’s position, a trunk circuit inter-
connecting said operator’s position and said dial

5
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trolled by said release of said ﬁrst relay for
effacing said displayed signal.

11. In a telephone exchange system a battery
having a first and a second terminal, an oper-
ator’s position, a dial office, connectﬁr switches
and telephone lines in said dial office, a signal at
sald operator’s position, a ftrunk circuit inter-
c,o:{mectmg sald operator’s position and said dial

- coffice, 2 trunk repeater terminating said trunk

cireuit in sald dial office, a pair of line conductors
and a signaling conductor extending from said

- trunk repeater to one of said connector switches,
- means conirolled from said operator’s position

ro
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office, a trunk repeater terminating said trunk

circuit in sald dial office, a pair of line conduc-
tors and a signaling conductor extending from
sald trunk repeater to one of said connector
switches, means controlled from said operator’s
position over said trunk circuit for setting said
one connector switch on to terminals of one of
said telephone Iines, a first differential relay at
said trunk repeater and a second differential re-
lay at said connector each of said relays having
first and second windings, a first conductor ¢on-
nected to the mid-point of the windings of said
first relay and to said first battery terminal, a
second conductor connected to the mid-point of
the windings of said second relay angd to said
first battery terminal, a contrcl conductor inter-
connecting said second windings of said relays,
said first winding of each of said relays being
connected to said first batiery terminal, means
conitrolled in response to the selting of said con-
nector switch on to the terminals of said tele-
phone line when idle for switching said second
conductor from said first battery terminal to said
second hattery terminal thereby energizing said
second windings of said relays over said control

conductor and at the same time energizing the

first winding of said second relay In opposing
relation to said energization of said second wind-
ing of said second relay and at the same time
shunting said first winding of said first relay,
said second relay remaining in its normal posi-
tion in response to said energizing circuits for its
first and second windings and said :

its second winding, means controlled by said op-
eration cf said first relay for displaying said sig-
nal, means controlled by tne response of the

called party on said telephone line for switching
70

said second conductor from said second battery
terminal to said first batiery terminal thereby de-
energlzing bhoth windings of said relays and said
control cenductor, said second relay remaining
in its normal position and said
~ leasing to its normal position, and means con-

irst relay op-
erating in response to said energizing circuit for

40

over said trunk circuit for setting said one con-
nector switech on to terminals of one of said tele-
phone lines, g first differential relay at said
trunk repeater and a second differential relay
at said connector each of said relays having first

and second windings, g first conductor connected

to the mid-point of the windings of said first re-
lay and to said first battery terminal, a second
conductor connected to the mid-point of the
windings of said second relay and to said first
battery terminal, a control conductor inter-con-
necting said second windings of said relays, said
irst winding of each of said relays being con-
nected to said first battery terminal means con-

trolled in response to the setting of said connec-

tor switch on to the terminals of said telephone
line when idle for switching said second con-

- ductor from said first battery terminal to said

second battery terminal thereby energizing said
second windings of said relays over said control
conductor and at the same time energizing the
first winding of said second relay in opposing re-
lation to said energization of said second wind-

~ing of said second relay and at the same time

shunting said first winding of said first relay,
sald second relay remaining in its normal posi-
tion in response to said energizing circuits for
its first and second windings and said first re-
lay operating in response to said energizing cir-
cuit for its second winding, means controlled by
sald operation of said first relay for displaying
sald signal, means controlled by the response of
thie called party on said telephone line for switch-
ing sald second conductor from said second baf-
tery terminal to said first battery terminal there-
by deenergizing pboth windings of said relays and
said control conductor, said second relay remain-
Ing In its normal position and said frst relay
releasing to its normal position, and means con-

troiled by said release of said first relay for

- effacing said displayed signal and for clearing
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qrst relay re-
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said trunk circuit of all connections to said bat-
tery.

- 12. In a velephone exchange system, a battery
having a first and a second terminal, an oper-
ator’s positicn, a dial office, connector switches
and telephone lines in said dial office, a signal
at said operator’s position, a trunk circuit inter-
cennecting said operator’s position and said dial
oilice, a trunk repeater terminating said trunk
circult in said dial office, a pair of line conductors
and g signaling conductor extending from said
viunk repeater 1o one of said connector switches,
means controlied from said operator’s position
cver said trunk circuit for setting said one con-
nector switch on to terminals of one of said

telephone lines, a first differential relay at said

trunk repeater and a second differential relay at
said connector each of said relays having first
and second windings, a first conductor connected
to the mid-point of the windings of said first
relay and to said first battery terminal, a second
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conductor connected to the mid-point of the
windings of said second relay and o said first
hattery terminal, a control conductor inter-
connecting said second windings of sald relays,
said first winding of each of said relays being
connected to said first battery terminal, means
controlied in response to the setiing of said con-
nector switch on to the terminals of said tele-
phone line when idle for swiiching said second
conductor from said first battery terminal to

said second battery terminal thereby energizing
said second windings of said relays over said

control conductor and at the same time energlz-
ing the first winding of said second reiay in
oppeosing relation to said energization of saild
second winding of said second relay and at the
same time shunting said first winding of sald
Arst relay, said second relay remaining in 1is
normal position in response to sald enargizing
circuits for its first and second windings and

10
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said first relay operating in response to said
energizing circuit for its second winding, means
controlied by said operstion of said first relay
for displaying said signal, ringing control means
at said operator’s position, means responsive to
the operation of said ringing control means for
switching said first conductor from said first bat-
tery terminal to said second battery terminal
thereby changing said energization of both wind-
ings of said second relay from opposing relation
to aiding relation for operating said second relay,
and means responsive to said operation oI said
second relay for ringing the station on said idie
telephone line,
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