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This invention relates to telephone sys-
teras and more particularly to improvements
in two-way straightforward toll line sys-
tems.

5 In toll line systems generally it is neces-
sary to provide toll line equmment to handle
different kin ds of traffic, such as “through”
connections, “repeater” or “delayed” opera-
tors’ connections, and service for these va-

10 ricus types of connections in both directions
over the same toll line.

1t is an object of this invention to provide
a gr eﬂt‘v 51mplm(\d two-way straightfor-
ward toil line circuit fxrrancred for use in

15 systems requiring these various kinds of
tiraffie.

Another object of this invention is.to pro-
vide such a two-way straightforward ‘toll
lme circuit that may also {u*mtwn satisfac-

23 torily with different types of “through” con-
mctmn circuits, such as a connection in-
cluding a 11nvdown toll line, a switching
trunk or a “built- up” connection mcludmo'
onc -or more other two-way stramhtforkud

23 toll Tine circuits of the same Lmd

To attain these and other ob]ects of the
invention, there is provided in accordance
with one feature therecf means for prevent-

ing false signaling when the °tra1<rhtfor
2 ward toll line cvrcult is connected throug}* a
special operator’s posmon ‘such -as a repeater
or delayed operator’s pesition. In case the
call ounme\tmo operator, 1. e., the one origi-
najly conaected with the stralghtforward
35 toll line circuit for the extension of a con-
nection therethrough, disconnects before the
<pecial operator, falee signals are prevented
from being sent back over the toll line to the
incoming end thereof for it is evident that
9 ordinarily, a signal would be transmitted to
indicate that a conncctlon in the opposite di-
\"a deﬂ ed when the outward end
toll line is connected up. This fea-
e 2‘:1.‘3’0 includes means for preventing the

i

1e kind of false signals from being trans-
nitted from the call originating end of the
toll line in case the special operator discon-

nects before the call orlgmatmﬂ operator.
Another feature of the invention is the

provision of means in the two-way straight-
forward toll line circuit whereby in a built
up connection, which includes one or more

-guch straightforward toll line circuits in

series, complete switchheok supervision
from the called subsoriber’s station is ef-
fected, 1. e., if the called subscriber operates
his switchheok ‘to recall the originating op-
exator, a signal at the ontward end of the
first stra 10h forward toll line circuit in the
connection responds.

Another feature of the invention i the
provision of means in a two-way straight-
forward toll line circuit, whereby in built
up connections or connections involving but
a single straightforward toll line disconnect
signals are simultaneously operated in the
s*rawhtforwwrd toll line circuits involved
and at any circuit conmected to the last
straightforward toll line circuit in the con-
neetlon when the originating operator dis-
connects. Another feature of the invention
is the provision of means in a two-way
straightforward toll line circuit whereby, if
a connection intended for a special operator
has been transferred frem the inward op-
erator’s p051t10n to this special opcmtm
position, a tone is transmitted back to the
call originating operator’s position until the
special opemtm answers the call.

" The invention has been illustrated in the
accompanying drawings, in which Fig. 1
shows the circuit arrano"ment at one end of
a two-way str'urrhtfmwald toll line with a
portion of a standard cord circuit at the po-
sition of an operator originating: a. call;
Tigs. 1%, 1°, and 1° show respectlvely 1'ng—
down toll hne, a switching trunk and the
outgoing end of another shalg‘lt orward
toll line to which type of connectl‘m civewt
the calls incoming over the toll line shown
in Fig. 1 may be 10uted Fig. 2 shows a cir-
cuit ananoempnt at the opposl're end of said
stlalghtfovwaxd toll line shown in Fig. 1
and portions of the various types of connect-
ing circuits whereby the toll line may be ex-
tended beyond this point, such as a ring-
down toll line, shown in Fm 92, a switch-
ing trunk, shown in Fig. 2 and the out-
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going end of another straightforward toll
hne shown in Iig. 2.

Referving now to the drawings in general,
toll connections may be extended from an
originating operator’s position OB by in-
serting plug 1 into a multiple jack 2 of a
straightforward toll line equipment at an
office A, through the toll line proper T lead-
ing to the straightforward toll line equip-
ment at an office B, where at an inward op-
erator’s position 1B the connection may be
extended by insertion of plug 100 into jack
101 to a ringdown toll line 102 or into jack
103 of a switching trunk 104, or into jack
105 of another straightforward toll line 106.
If the call is intended for a special opera-
tor’s position the connection may be extend-
ed from a jack such as 107 to a repeater op-
erator’s cord, or from a jack such as 108 to
a delayed operator’s cord. On the other
hand, if a connection is desired in the oppo-
site direction, i. e., from office B to office A,
the connection may be extended from an
originating operator’s position in the office
B. The operator may insert her plug into
jack 109 to connect with the toll line T to
office A and from there the extension may
then be made in the same manner as the ex-
tension of a connection from office B beyond,
i. e., through plug 5 at the inward opera-
tor’s’ position 1B’ to the various types of
connecting circuits or through jack 7 or 8
to special operator’s cords.

To fully understand the functioning of
the invention, as represented in these draw-
ings, it is deemed sufficient to describe in de-
tail the extension of a connection in one
direction only and first, how the straight-
forward toll line circuit illustrated operates
when a call originates through the oper-
ator’s position OB and extends through the
toll line T to a ringdown toll line 102 or =
switching trunk 104, or another straight-
forward toll line circuit 106 and, second,
how it functions if the connection is ex-
tended from the toll line T to a repeater or
delayed operator’s position through jacks
107 or 108.

Referring then to the drawings in order
to extend the connection from the originat-
ing operator’s position OB, the first action
will be to insert plug 1 into jack 2. A cir-
cuit will then be completed as follows:
from battery, winding of relay 11, winding
of marginal relay 12, sleeve contacts of plug
1, jack 2, upper armature and back contacts
of relay 13, partly through the upper high
resistance winding of relay 14 to ground,
but primarily through the lower low resist-
ance winding of relay 14 to ground at the
lower armature and back contact of relay 13.

The operation of relay 14 closes an
obvious energizing circuit for relay 15 at its
upper armature and front contact and the
operation of relay 15 closes an energizing
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civenit for busy signal 16 associated with

jack 2, busy signal 17 assoclated with jack 7
and busy signal 18 assoctated with jack 8, as
follows: battery, upper outer armature and
front contact of relay 15, windings of sig-
nals 16, 17 and 18 in series to ground. The
operation of relay 14 also closes a circuit for
relay 20, as follows: battery, winding of re-
Lay 20, upper armature and front contact of
relay 14 to ground. The operation of reiay
20 disconnects the inward end of the toll
line leading to the inward operator’s posi-
tion 1B’ at this office and ferminating in
plug 5, and connects the toll line to jacks 2,
7 and 8 at the outward operator’s position
OB and the repeater and delayed operator’s
positions respectively. The operation of re-
Iays 14 and 20 close a circuit for the opera-
tion of relay 21 as follows: battery, upper
cuter armature and front contact of relay
20, upper winding of relay 21, lower outer
armature and back contact of relay 22, up-
per armature and front contact of relay 14
to ground. Relay 21 in operating provides
a connection for current from a 120-volt
battery source to a circuit leading to the
office B, as follows: 120 volt battery, arma-
ture and front contact of relay 21, middle
winding of relay 25, a composite leg (over
the tip conductor) of toll line T, through
the network enclosed in box 206, through the
corresponding network 126 at the opposite
end of the toll line T, the middle winding
of relay 125 to ground at the armature and
back contact of relay 121. Relay 25 at the
originating end of the toll line does not op-
erate at this time since approximately equal
current flows through the differentially con-
nected middle and right hand windings of
this relay to ground at the armature and
back contact of relay 121 and at the opposite
end of the right hand winding of relay 25.
However, relay 125 at the distant end oper-
ates and provides a circuit for the operation
of relays 113 and 110. The circuit for relay
113, is as follows: battery, winding of relay
113, upper inner armature and back contact
of relay 122, armature and front contact of
relay 125 to ground, while the circuit for
relay 110 is as follows: battery, winding of
relay 110, lower inner armature and back
contact of relay 115, armature and front
contact of relay 125 to ground. The opera-
tion of relay 113 by opening the connection
between its upper armature and back con-
tact disconnects the sleeve circuit of the
multiple jack 108 from ground through the
windings of relay 114, i order to prevent
interference in case an outward operator ab
office B attempts to extend a connection over
the toll line in the opposite direction by in-
serting her plug in jack 108. The operation
of relay 110 closes a circuit for making the
outward end of the toll line at this office
busy. This circuit is as follows: battery,
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upper aymature and front contact of relay
110, upper make-before-break contacts of
rehv 115, signals 116, 117 and 118 in series
to gr ound The operatlon of relay 110 also
clo%es a circuit for the lighting of the line
lamyp 129 ascociated with the plug 100 at the
inward operator’s position 1B as follows:
battery, upper armature and front contact
of relay 110, uppor outer armature and back
contact of relay ‘)9.. lower outer armature
and back contact of relay 127, lower outer
Armauno and back contact of reluy 128,
lower inner armature and back contuct of
relay 127, lamp 129 to ground. The lighi-
ing of this lamp notifies the inward operator
at the 1B position thiat the extension
connection is desired on this toll line.

The operation of relay 110 further closes

supervisory bridge ci ireuit across the tp
nf‘ ring conductors of the toll lmo This
bridge Tncluding » winding of relay 13\’1
may be tlated as follows: from (he tip con-
ductor, through the upper w inding Of re-
tardution coil 131, upper outer armature and
back contact of rela y 132, lower armature
and front contact <,4 reluy 110, left hand
winding of relay 150, lower winding of re-
tavdation the ring conducior.

()i,

a

coil 131 1()
The plupoke of this bridge for supervisory
functions will be apparent as the deser iption
proceeds. The operation of velay 110 also
closes an energizing cireuit for relay 133
from battery at the upper armature an:l
frout contact of this relay through the uppe:

mnc-“ armature and back contuct of rvelay
122, lower outer armature ‘md back contact

of relay 127, Jower winding of relay 133 t\,
cround. lhc opm won of I'ela‘v 133 closes
connections at s mmhlu anil front con-

tacts to a call sequence cireait, indicated
with a box 143 and which is of (he well
kuown type for assigning the inward op-
erator’s telephene cirenit to busy toll lines
in succession, The actual connection of the
operator’s telephone civeuit to this toll line
will be described luter.  The last action pro-
duced by the operation of relay 110 is the
closing of a circuit for relay 135, as follows:
lnttcr\', upper armature and front contact
of 101.‘.} 150, upper outer aamature and back
contact of relay 122, lmvcr outer armature
and back contact of relay 127, upper oufer
ariuature and lmch contaet of relay 198,
upper w 11(‘!110 of relay 135 to ground. The
operation of uLw l—w prepares a connection
at its armatures and front contacts from a
source of tone cuwrrent 126 to the tp and
conductors

ring ot the {oll Hne and 1 tene
{rouy this source is ﬂm(f(u now trans-
mitied over the toll line T to the originat-

g operzior at position OB in office A {o
indicate to this operator that the caH has
been registered at the inward operstor’s po-
siticn 1B at office B and that the oper Jtnr

8

at this latter office is not yet free to answer
the eall.

When the inward operator at 1B is avail-
able for the call on this particular toll line,
f': e call scquence eircuit 148 such as shown

dde sm}‘)ed in Patent No. 1578651,
eranted March 50, 1926, to K. M. ,’1@&491,
functions and  furnishes a connection to
eround over lead 137 for the ()!)”1“:4"“11 ot
relay 128, as this lead is connected to one
terminal of the winding of velay Ld while
the other torminal is (‘l)‘mo"ied uu{er\'
A‘u relay 1238 <>pﬁr“t0~ the circuit é()A veluy
5 is Troken or the upper ouier srmature

RN

Led

and back contact of relay 128 and conse-
cuently relay 133 is released and the tone
wnpue" to the criginating perator 15 re-

moved {rom the toll line which is now trans-
‘erved to the 1B operator’s telephone set
at the inner upper and lower wriatures of
1‘ ‘1\' 128. The removal of the from
‘o toll line indicates to the umm iting ©
(,i\ri' that the distant overator is ready
swer.
Tte operation of rel:y 128 also bre ks the
cnergizing circuit for lamp 129 at me Tower
outer armature and buack contuct of reday
].2% znd trapsters the civeuit for the Lunp
through an xmeiruptor i4l to batiery ut
front ('ON wet of this armature. so that
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Lamp 129 will now De -‘liundleiv Lighted
and extinguished te indicate to the Inwarl
operator * 1t her telephone set is connected
to this p:utxcul toll hu).

The ovigineting operator now transmits
the details of the call to the invward op-
erator, who then inserts plug 100 into ].m\
101, assuming that the connection dezive | iy

o he extended over a ringdown tol] 1 1tz

1

0 lm desired subscriber. The (()nd\tx(m of
the sleeve circuit on n rmu town foll line if
idle is such as to cause the operation of reluy
142 and margina relay 139 over the follow-
g circuit: from battery, upper outer arnia-
ture and back contact of ay 1400 swinding
of marginal relay 139, winding of rels Y 1!),
sleeve terminals of plug 160 end jack 101
to cround on the sleeve of the ringdown toll
tine, The operm'on of rela cioses an
energizing cretit for relay as follows:
mt Cry, upper inner arma h(r(\ md back con-
wt of relay 140, upper winding of rejav
T armnture {ront umtac( of reluy
2 to grouncd. The operation of velay 197
tr.mnterx the tip conductor of the x')'l e
T ofrom the usual b.v\ lo t lead
plug 100 and jack 101 to 1he tip condnctor
(.f the toll Iie HU, it aleo connects {iw
‘g conductor from the toll Hine 102 throng
1}10 jack 101 and plug 100 1o the toll line 'l".
A ft rther action on the part of relay 1"’"
is to open the c¢irenit for lamp 129 from th
interrupter 141 so that this lamp is now ex-
tinguished.
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The operation of relay 127 also opens the
civeuit for 133, which now returns to noi-
mal and on the release of relay 133 the
cround from the call sequence circuit at 143
for the operation of relay 128 is removed,
so that relay 128 is now also released and
the inward operator’s telephone set is, there-
fore, set free from this particular toll line
and will be automatically connected to some
other toll line on which a call may be wait-
ing, in accordance with the well known func-
tioning of call sequence circuit at 143.

The operation of marginal relay 139 pro-
vides a circuit for the operation of relay 132,
as follows: battery, upper inmer armature
and back contact of relay 140, winding of
relay 182, lower armature and front contact
of marginal relay 139 to ground. This mar-
ginal relay also opens at its upper armature
and back contact a point in a circuit for the
lower winding of relay 121, the purpose of
which will hereinafter be described. Relay
132 opens the bridge circuit across the tip
and ring conductors 6f the toll line at its
upper outer armature and back contact; this
bridge having previously been closed at the
operation of relay 110, but as it is not needed
in this type of connection the purpose of
relay 132 becomes clear.

The inward operator may now ring the
ringdown toll line operator at the distant
end by the operation of key 144 and when
this key is operated ringing tone is trans-
mitted over the toll line T back to the orig-
inating operator, as an indication that the
connection is being established. The circuit
from the tone source 145 is connected to the
tip and ring of the toll line at the make-
before-break contacts of key 144. The orig-
inating operator now listens in to follow the
establishine of the connection and when the
called subscriber answers the connection be-
tween the calling and called subscribers may
be established in the usual manner.

If the originating operator desires for
some reason or other to rering a wanted
subscriber, she may operate the ringing key
associated with her toll cord in the usual
manner, which transmits ringing current
over the toll line to office B and operates
alternating current responsive relay 146 at
the office B, which is bridged across the tip
and ring conductors of the toll line, as fol-
lows: tip conductor, through the network
126, winding of relay 146, lower armature
and back contact of relay 114, network 126
to the ring conductor. The relay 46 at office
A normally bridged across the toll line does
not operate at this time since the bridge cir-
cuit therefor is open at the lower armature
and back contact of relay 14 which it will be
remembered is held operated at this time in
the sleeve circuit of the originating oper-
ator’s cord. Relay 146 in operating closes a
circuit for relay 147 as follows: battery,

1,629,008

winding of relay [47, armature and front
contact of relay 146 to ground. The oper-
ation of relay 147 causes ringing current to
be transmitted over the ringdown toll line
to the called subscriber’s bell. During this
ringing interval relay 147 closes its upper
outer armature and front contact so that
eround is connected to the right hand wind-
ing of relay 130. Relay 130, in turn, closes
a circuit through the lower winding of relay
121 whereby the source of 120 volt current
is conneccted to the junction point between
the middle and right hand windings of re-
lay 125 and has the effect of causing the
actuation of relay 25. This is caused by the
fact that at this time a source of 120 volt
current is connected to the junction point
botween the middle and right hand wind-
ings of relay 25 so that no current now flows
over the line and the middle windings of
relays 25 and 125, but current does flow in
the right hand windings of both of these
relays. Thus, relay 125 will be maintained
energized and relay 25 will become ener-
gized. Upon the energization of relay 25, a
cirenit will be established from ground, the
contact and armature of relay 25, the back
contact in the inner upper armature of relay
99 winding of relay 13 to battery, causing
the encrgization of relay 13. The sleeve cir-
cuit which is closed through the back con-
tact and upper armature of relay 13 is, dur-
ing this interval, maintained closed by the
front contact and inner upper armature of
relay 15. However, the ground connection
through the low resistance winding of relay
14 is opened so that the resistance of the
circuit for relays 11 and 12 is materially in-
creased, whereby relay 12 releases its arma-
ture and completes a circuit for signaling
lamm 50 to indicate to the operator, who 1s
depressing her ringing key, that the appa-
ratus at the distant end is operating prop-
erly.

IWhen the originating operator receives a
disconnect signal, as the calling subscriber
hangs up his receiver, she removes plug 1
from jack 2, and relay 14 releases which
causes relay 21 to release. When relay o1
releases, current from the 120 volt battery
is disconnected from the composite leg so
that relay 125 at the distant end of the toll
line at office B will now release. This relay
195 in releasing opens the circuit for relays
110 and 113. causing them to velease. The
release of relav 110 opens the circuit for the
husy signals 116, 117 and 118 and also opens
the cirenit for the bridge inclnding velay
130, although this circuit is already discon-
nocted from the line by the operation of re-
lay 132 as hereinbefore described. Relay
110 also closes a circuit for relay 140 as fol-
lows: battery, upper armature and back con-
tact of relay 110, lower make-before-break
contacts of relay 140, winding of relay 140
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to ground at the armature and front con-
tact of velay 142, The operation of velay
140 closes a circuit for lamp 129 as follows:
battery, upper inner armature and front
contact of relay 140, lower inner armature
and front contact of relay 127, lamp 129 to
ground. 'The lighting of this lamp notifies
the inward operator at position 1B that the
operator at the originating position has dis-
connected and that this operator may now
remove plug 100 from jack 101, This relay
140 also transfers the circuits for relays 139
and 142 to battery, through relay 148 so that
this relay now operates in series with relays
139 and 142 and as relay 110 has released
battery will be furnished to relay 127
through its lower winding in place of the
battery for its upper winding formerly
turnished at the upper inner avmsature and
back contact of relay 140. Under these con-
ditions relay 139 may relcase Lut relays 142
and 148 will remain operated and relays 127
and 140 will alzo remain operated on the
ground furnished by the operation of the
armature of relay 148, The purpose of in-
cluding relays 148 in this sleeve cireuit will
bo hereinafter described in connection with
civeuits_extending to other connecting cir-
wits. If the inward operator now removes
plug 100 from jack 101 velays 127, 148 and
140 are released and the vingdown toll line
operator will now disconnect her cord from
the ringdown toll line and from the called
subsceriber’s line.

It a conneetion over straightforward
toll line T is desired to 2 subscriber that may
be reached through a switehing trunk such
as 104, the inward operator at position 1B
inserts plug 100 in jack 103. The par-
ticular switching trunks through which a
i [ may be selected
e usual call wire method well knewn In
vt Relay 142 will now operate, but
wareinal relay 139 does not operate due
io the resistance conditions on the sleeve of
the switching trunk. Relay 142 in onerat-
iy provides an energizing civcuit for relay
127 as previously traced, causing relay 127
to operate to connect the tip and rving of
piug 100 to toll line T to extingnish famp
129, and to release relay 133, as hereinbe-
fore deseribed. Relay 133 in releasing dis-
connects ground from lead 137 so that the
relay 128 1s now also relensed. The inward
operator’s telephone set is, therefore, freed
from this particular connection and will be
automaticallv connected to some other toll
line on which a eall may be waiting,

When the distant end of the switching
frunk 104 14 connected to a subseriber’s line,
Battery anid ground will be connected to this
trimk, as is well known in the art, causing
he operation of relny 130, which it will be

the

b o}

tiie
resiembered s ineluded in the bridge across
the tip and ring conductors of the toll line.

S

An obvious circuit will then be closed by
the eperation of relay 130 for the operation
of relay 121, which now connects the 120 volt
battery, to the middle winding of relay 125,
over the composite leg to the corresponding
winding of relay 25 at the originating end.
Under these conditions practically no cur-
vent flows over the composite leg since a 120
volt battery is connected at both ends there-
of and relay 25 will therefore operate over
a circuit from these 120 volt batteries to
ground through its right hand winding.
Relay 25 in operating closes a circuit for re-
lay 13, while relay 10 dees not operate at
this time since relay 15 is already operated,
as previously described. Relay 13 in op-
erating disconnects ground from the lower
low resistance winding of relay 14, but this
relay remains operated through its upper
winding. The resistance of the sleeve cir-
cuit to ground through this winding of re-
lay 14 is now of such value as to release the
usal marginal relay 11 in the originating
cperator’s cord civeuit, thus causing her
supervisory lamp 50 to light to indicate that
the toll line T has been connected to a
switching trank,

The originating operator at position OB
now rings the calied subscriber connected at
the opposite end of the switching trunk by
operating the usual ringing key in the cord
circuit used in this connection.  This applies
ringing current over the toll iine I, which
auses the operation of relay 146 in office B
while relay 46 at the oviginating end does
1ot operate at this time since it is discon-
nected from the circuit at the lower arima-
turve and buck contact of relay 14 which is

operated ot this time.  Relay 146 in operat-
ing provides o cireuit for the operation of

velay 147 and the operation of this relay
transnits vinging current over the switching
trunk, resulling in the ringing of the called
i Relay 147 also provides ai

pper ouler arimature and front contact
a holding cireuit for relay 130 during the
ring period.

hen the ealled subseriber answers, bat-
tery and ground previously nientioned as
connecied to the switching trunk will be re-
moved, thus causing the release of relay 130,
which in tuen releases velay 121, which now
opens the circuil supplying battery {rom the
120 volt souree to the composite leg at the
armature and front contact of this velay.
This removal of the current from the com-
pouite leg eauses the relay 25 at the originat-
ing end cf the toll iine to release, since equnl
currents are now flowing through its two
windings. The release of relay 25 ecauses
the release of relay 13, This latter velay
now conncets ground to the lower winding
of relay 14 and the resistances of the two
windings of this relay are of such value that
the marginal relay 12 in the originating

i'i
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operator’s cord circuit operates to extinguish
the supervisory lamp 50 thereat, thus notify-
ing the originating operator that the called
subseriber has answered and that the connec-
tion may be completed between the calling
an called subscribers.

When at the termination of the conversa-
tion between the subscribers the cailed sub-
scriber replaces the receiver upon the switch-
hook, battery and ground are again con-
neeted to the switehing trunk 104, causing
relay 130 to again operate. The operation
of this relay now closes an obvious circuit
for the operation of relay 121 and this relay
121 in operating closes the cireuit for current
from the 120 volt battery to the composite
leg to cause the operztion of relay 25. This
relay in operating causes the reoperation of
lamp 50 in the manner hereinbefore de-
seribed, and this signal now serves as an in-
dication to the originating operator that the
called subseriber has hung up his receiver.

1t the called subseriber instead of hanging
up his recciver permunently, moves his
switchhook up and down, to recall the origi-
nating opeva it will be seen that the
supervisory lamp 50 will be correspondingly
lighted and extinguished.

Tt the originating operator dizconnects, re-
lay 14 releases, which In turn causes the re-
lease of relay 21 and if the connection to
the called subscriber’s line is still intact and
the ealled subscriber’s receiver is on the hook,
relay 15 will remain operated since it 1s
locked up under control of the relay 25 as
this relay remains operated due to the
operation of relay 121 as hereinbefore de-
seribed. The holding of relay 15 oper-
ated prevents a false signal from appear-
ing at the inward cord 11 of ihe toll
line at the office A: that is, veluy 10 will be
preventeid from operating at this time and
consequiently lamp 29 will not light as it
ordinarily would when relay 121 is operated.
Tiowever, relay 125 will release as soon as
relay 21 releases even though relay 121 is
operated as current from the 120 volt battery
will be approximately cqually divided be-
{ween the middle and right hand windings
of relay 125 and since these windings are
differentiaily connected this velay releases.
TRelay 125 in releasing opens the circuit for
relays 110 and 113 which then release.  The
release of relay 110 rveleases the busy sig-
nals 116, 117 and 118 and opens the cireult
for velay 130 and furnishes battery for the
operation of relay 140. The opening of the
circuit for relay 130 transmits a disconnect
signal to the toll switching trunk at the dis-
tant office. so that the operator at this end
of the switching trunk will be notified that
an originating operator has disconnected in
2 manner well known in the art. The oper-
ation of relay 140 closes an obvious circuit
for signal lamp 129 which in lighting now

or
O
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notifies the operator at 1B that the originat-
ing operator at OB has disconnected. The
inward operator now removes plug 100 from
jack 103 and the associated relays return to
normal. It should be noted that in this case
the method of transmitting a disconnect sig-
nal is different from that employed in ring-
down toll line connection as previously de-
seribed but relays 130, 139, 142, 140 and 147
while functioning in the same manner as be-
fore do not have the same effect on the
switching trunk cirenit as they did on a ring-
down toll line. When relay 130 releases on
ihe release of relay 110 relay 121 will also
yelease and therefore velay 25 will release
qnd cause the release of relay 15 so that the
circuits at the outward end of the toll line
T will now also be restored into normal con-
dition. .

In case the extension of a connection from
the toll line T requires a built-up connection
including two or more straightforward toll
lines, such as toll line T, the mward operator
at position 1B will insert her plug 100 in
jack 105 of the two-way straightforward
toll line 106 and the functioning of the cir-
cuits are the same as when a connection is ex-
tended through a ring down toll line, i. e,
relays 139 and 142 are operated and the ap-
paratus at the outgoing and incoming ends
of the second straightforward toll line then
function the same as the first straightfor-
ward toll line, up to the point where the
called subseriber’s line is seized. At this
time the sleeve resistance of the outward
end of this second straightforward toll line
circuit 106 is changed in the same manner
as the sleeve resistance was changed on the
operation of relay 13 when plug 100 was in-
certed in jack 103 of a switching trunk so
that relay 189 is released. This relay in ve-
leasing provides a circuit for the operation
of relay 121 as follows: battery, lower wind-
ing of relay 121, upper armature and back
contact of relay 139, lower armature and
front contact of relay 132 to ground. 'The
operation of relay 121 causes, as hereinbefore
described, the operation of signal 50 at the
originating operator’s cord cireuit to indi-
cate that the connection has been extended to
the called subscriber’s line. The originating
operator may now ring the called subscrib-
er in the same manner as when a connection
was established over the first straightfor-
ward toll line T only. Under this condition
the ringing current is transmitted to cause
the operation of relay 147, which transmits
ringing current over the second toll line to
cause the operation of a relay similar to 147,
which results in the ringing of the called
subscriber in the same manner as heveinbe-
fore deseribed. When the called subscriber
answers, ground is connected to the lower
winding of the relay in the second toll line
corresponding to relay 114 of the first
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straightfoiward toll line T in the same man-
ner as hereinbefore described and under this
coridition the slecve resistance will be such
as to catse the operation of relay 139 of the
first straightforward toll line and the opera-
tion of this relay causes, as hereinbefore de-
scribed, the extmomshmw of lamp 50 at the
orlmnatmor opn‘ato s posktlon to indicate
that the called subscriber has answered.
Therefore, in connections of this type, that
ig, where more than one straightforward
toll line is used, complete switchlhook super-
vision will 1)2!55 to the originating operator
through the various str uﬂ“htfm‘wu'd toll
lines and whien the subscriber disconnects the
functions of these straightforward (oll line
circuits will be the same as the function de-
seribed in connection with the disconneet
signal incoming through a switching {muk
FWlien the orlmnatmg operator remove
plug 1 from jack 2 while the plug 100 at tlie
distant end 1s connected to jack 105 of an-
other straightforward trunk, relay 140 of
the first trunk becomes operwtod as hercin-
before described, whereupon relays 142,
139 and 148 are included in series with the
sleeve of plug 100. Relay 148 is of high re-
sistance, so that relays 139 and 142 release.
The latter relay, while not being au]n%ted
to release in the same manner us rela} 13
is also marginal. The armature and front
contact of relay 148 now substitute for the
armature and front contact of relay 142.
Due to the high resistance of the sleeve cir-
cuit of plug 100, the rel ay of the straight-
forward trunk corresponding to relay 114 is
cleased, whereupon a disconnect signal is
given to the distant end of the second
straightforward trunk in the manner here-
inbefore described.

When the inward operator at position 1B
receives o call requiring a connection ex-
tending through a repeu tm this operator
will, instead of in serting her plug 100 into
]ul\% such as 101, 103, anil 10 .; momentarvily
depress key 150 sssociated with this {0l line

1

H 10 ()pel(lh(m of this key closes an olwious

ircuit for the operation of ul.\" thl. which
in turn (]()\O“ a civenit for relayv 122, This
Iatter reluy pxov;des a 10“‘<mn o

ireuit for
iteelf to 010 ind at the armatire sl front
contuct of velay 125, Rela vy 151 m operating
connects batt@ry turnished through  the
operated relays 110 and 122 for the iS;Jz?n;y
of line lamp 152 associated with jack 107 at
the repeater operator’s position. The cir-
ature
and front contact of relay 110, hppm' outer
armature and front contact of el 122,
lower armature and front ¢ (mf""t of relay

101, lamp 152 to ground. The lighting of
this Lmlp notifies  the repeater ()pmwtm at
thig posmon that a connection throngh »
répeater from this particular toll line is de-
sived.  Relay 122 in opemhvn alzo releases

e

elays 113 and 183 and closes a clrenit for
the oper:tion of relay 135, as folldws: bat-
tery, upper armature and front contact of
velay 110, upper outer armature and front
contact of relay 122, lower winding of relay
135 to Momz\l When relay 133 releases,
relay 126 is alco released ““d the telephone
set of the OV)QA ator at position 1B is discon-
nected and lamp 129 extinguished.  Relay
L,n in operating sends the tone back to the
originating operator at position OB, indicat-
ing to that op perator that the call hias been
transferred to the repeater operator.

The repeater operator seeing lamp 152
lighted answers the call by inserting the
1‘11;0' of the repeater cord (0ot shown) into

ele 107 associated with this lamyp 152, This
.mscs the operation of relay 114 and the
operation of this relay closes a civeuit for
relays 115 and 120. The operation of relay
115 pro"idea a cireuit for ol umo the bu@\
signals 116, 117 and 118 ope'“ e while it
causes the release of relay 110, Relay 115
also establishes holding Cireuits for ro]aw
122 and 151 by closing‘ its lower outer arma-
ture to the corresponding front contact and

ground of lelfw 114 =0 tmlt in case the origi-
nating opera tor disconnects before the re-

]7 cating operator has disconnected these re-
lays will not releage but perform ceriuin
functions that will be hereinafter described.
Relay 115 in operating also locks up under
the control of re ay 125, m order to prevent
relay 110 from operat 1.g and cause certain
operations at the inward operator’s position
lB in cuse the repeater operator disconnects

sefore the origin: uno operator umcopnectt
aS will hercinafter Lo J(»ﬂnuoq Relay 120
In operating transfers the tip and ring con-
ductors of the straightforward toll 1 line 7
from the end of the civenit t(\xnumtmg
the i m\mm operator’s pusxtmn B o the
107 of the repester ()])H slor's position undl
whso closes the clvenit for the Jpper Wid-
g of relay 121, hut this reluy docs pot oper-
ate st this time ns relays 114 and 122 are
operated. The release of relay 110 opens the
civenit for the famyp 52 ot its upper arma-
ture and front contaet and causes the relonse
of reluy 135 to disconnect the tone from the
toll lIine. The coanection is now ready for
the extension through the reneater operator’s
positian.

If a conmection is desired through a de-
Layed operator’s position, the key 155 is mo-
nientarily operated and the O]L;Ol'dtl()ﬂ ot this
Ley "k»ws the energizing cireuit for relay
]9_,, which 10(‘1\\ up under control of gronnd

at velay 125, The operation from this point
on is the same as that deseribed in connection
with the extension through to the repeater
cpez‘afor" position, except that relay 151 18
not operated, and con&equent‘v lamp 156 is
lighted in place of lan:p 152 and the delayved
operator mserts the answering plug of one
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of her cords in jack 108 so that the extension
of the call will then be through this opera-
tor’s position.

The functions of the circuits when calls

+are completed through a repeater operator’s

position or a delayed operator’s position in
regard to the breaking down of the connec-
tions and the prevention of false signaling
will now be deseribed. In case of a repeater
connection, the originzting operator rerings
over the line before disconnecting, in order
to cause the supervisory signal associated
with the repeater cord civenit to operate us
a disconnect signal. In case of a enll com-
vleted through the delayed operator’s posi-
tion the disconnect signal is operated when
the culled subscriber disconnects, although
the originating operator may give a discon-
nect signal to the delayed operator’s position

“ by reringing as in the case of a repeater

40

connection.

When the originating operator discon-
nects, relay 14 releases so that relays 15, 20
and 21 are in turn released and so that the
civenit for relay 46 is closed. Relay 20 in
releasing transfers the toll line T from the
outward end to the tip and ring of the in-
ward end of the toll line equipment at office
A. The release of relay 15 releases the busy
signals 16, 17 and 18 and closes the circuit
for relay 10 to the front contact of relay 25.
Relay 21 in releasing opens the circult from
the 120 volt battery, thereby releasing relay
125 at the distant end of the toll line. If
this release of the connection by the originat-
ing operator takes place before a repeater
operator disconnects, relay 125 in releasing
will not release relays 115, 122 or 120, as
theze relays are Jocked up under control of
relay 114, as hereinbefore described. There-
fore, as relay 122 is operated, relay 121
cannot operate and cause a false signal to be
sel. up at the inward position 1B as would
ordinarily take place in case a connection
was desired from office B o office AL A plug
inserted in jack 109 or as in this case in
jack 107 or 108 would cause the operation
of relay 14 which would result in the oper-
ation of relay 121. Tt is, therefore, seen
that even though a connection is made
throneh a jack at the outward position of
office 1 no signal is received at the inward
position at office A under these circmmstances.
When now the repeater operator disconneets
relay 114 releases and consequently all the
other relays release and the circuits are re-
stored to normal.

It is evident that the cireuit functions in
the same manner in the case of a connection
through a delayed operator’s position when
the originating operator disconnects before
the delaved operator, except that in tha
sase velay 151 is not operated, as would be
the case when a repeater operator is con-
nected to the cireuit.

1,629,008

Tn case the repeater operator disconnects
before the originating operator disconnects,
a disconnect signal is transmitted to the
originating operator as follows: Relay 114
releases as soon as the repeater operator’s
plug is removed from jack 107 and a circuit
is completed for the operation of relay 121
from the ground at the upper armature and
back contact of relay 114 through the lower
armature and front contact of relay 122.
This relay 121 in operating connects the cir-
cuit from the 120 volt hattery over the com-
posite leg for the operation of velay 25 at
the originating end of the circuit at office A.
The operation of this relay closes a circuit
for relay 13, as hereinbefore described, which
i turn opens the circuit to ground for the
lower winding of relay 14. The resistance
of the sleeve circuit is now such as to cause
the release of the marginal relay 12 at the
originating operator’s cord circuit and lamp
30 15 therefore lighted as a disconnect signal.

Tt will be noted that the relay 115 is locked
up under control of relay 125 to prevent
relay 110 from operating, so as to prevent
a false signal appearing at the inward oper-
ator’s position 1B in office B, even though
the originating operator’s plug 1 is still In-
serted in jack 2 at this time, which would
ordinarily cause relay 110 to operate and
the lamp 129 to light to indicate to the in-
ward operator at this office that a connection
is desired.

When the originating operator discon-
nects, relay 125 is released, which in turn
releases relays 151, 122, 120, 115 and 121,
restoring the circuits to normal. The cir-
cuits under these conditions operate in the
same manner as they do in case a delayed
operator disconnects before the originating
operator disconnects, except that, of course,
relay 151 is not operated.

What is claimed is:

1. A two-way trunk line terminating at
sach end in outward and inward terminals,
a signal at cach inward terminal respounsive
to a connection established over a distant
ontward terminal, means associated with the
inward terminals for signaling outward ter-
minals at the same end of the line whereby
a connection may be established from an
outward terminal at one end of the line to
the inward terminal at the other end of the
line and then transferred to an outward ter-
minal at said other end of the line and means
responsive to such a connection from an
outward terminal at one end to an outward
terminal at the other end of the line to pre-
vent the inward terminal signal at either
end from being actuated when disconnection
takes place at the opposite end.

9. A two-way trunk line terminating at
each end in outward and inward terminals,
a signal at each inward terminal responsive
to a connection established over a distant
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outward terminal. means associated with the
inward terminals for signaling outward ter-
minals at the sanie end of the line wherehy
a connection may be established from an
outward terminal at one end of the line to
the inward terminal at the other end of
the line and then transferred to an outward
terminal at said other end of the line, and
nmeans responsive to such a connection from
an outward terminal at one end to an out-
ward terminal at the other end of the line
to prevent the inward terminal signal at the
end to which the connection was established
from being actuated when disconnection at
the outward terminal ffom which the con-
nection was established takes place before
the disconnection at the other outward ter-
minal.

3. A two-way trunk line terminating at

ecach end in outward and inward terminals,
a signal at each inward terminal responsive
to a connection established over a distant
outward terminal, means asscciated with the
inward terminals for signaling outward ter-
minals at the same end of the line whereby
a connection may be established from an
outward terminal at one end of the line to
the inward terminal at the other end of the
line and then transferred to an outward ter-
minal at <aid other end of the lme and means
responsive to such a connection from an out-
ward terminal at one end and to an outward
terminal at the other end of the line to pre-
vent the inward terminal signal at the end
from which the connection was establizhed
from being actuated when disconnection al
the outward terminal to which the connec-
tion was established takes place before the
e mnnvumn at the other outward terminal.

A trunk line having at its inward end
means including a signal. a bridge eircuit
across the talking conductors of the line,
and means for changing the electrical char-
acteristics of the sleeve conductor at the in-
ward end of the line characterized by the
provision of means responsive to disconnee-
tion of a connection at the outward end of
the line for siinultaneously actuating the =ig-
nal. for opening the bndue and chanmnu
the electrlcal characteristics of the sleeve
conductor thereat.

5. A two-way trunk line terminating at
each end in outward and inward termmals
a signal at each inward terminal responsive
to a connection established over a distant
outward terminal. and means associated with
the inward terminals of said line for reoper-
ating said signal at the inw: ard terminal at
one (‘nd of said line and for changing the
electrical (:hdld(?{ellbtl('h of the mwmd ter-
minal at the same end of the line responsive
when disconnection takes place at the oppo-
site end of said line.

6. A two-way trunk line terminating at
each end in outward and inward terminals,

O

a signal at each inward terminal responsive
to a connection established over a distant
outward terminal. and means associated with
the tnward terminals of said line for reoper-

ating t 1id signal at the inward terminal of
one end of the line, for opening a bridge

ciienil across the talking conductors of the
lire at the inward terminals at the same
el of the fine snd for echanging the elec-
(rienl charactorn tes of the sleeve terminal
of said inwaerd terminals at the same end of
the Iine respon-ive when disconnection takes
place at the opporite end of said line.

T two-way frunk line terminating at
each end In outward and inward terminals.
& signal st the inward terminals responsive
to a connection established over a distant
outward  terminal. and nenns ascoctated
with the inward terminals of saild line for
operating said signal at the inward termi-
nm» of one end of the line. for opening a

Bridee cirevit across the talking conductors
of the line at the inward terminals at the
satne end of the Tine and for changing the
clectrieal characteristics of the sleeve terni-

1wl of said inward terminals at the same end
ot the line responsive when this connection
takes place at the opposite end of said line.

S0 two-wav trank fine terminating at
sich end 1o ontward and inward terminals,
a slgnal device at each inward terminal.
means assoctated with the outward termi-
nals responsive to a change in the electrieal
characteristies of the sleeve terminals there-
of for transmitting a signal over said line to
the inward terminals at the opposite end of
ihe Tise, and means aseoclated with the -
ward terininals responsive to said signal re-
ceived over the line for operating the signal
device at the inward terminals at the oppo-
site enid of 1he Tine and for simultancously
establishing a corresponding change in the
electrical  charactervisties  of  the Inward
sleeve ferminal at said opposite end of the
line.

1Al

A trunk line having at its outward end

means for transiitting a signal to the -

ward end and for operating a signal device
at the inward end on a certain change in
the e e(tn(' 1t characteristics of the outward
end when a connection ix established fo zaid
ontward end of the line character ized by the
provision of means responsive to the dlkmn-
nection of a connection at the outward end
for veoperating said signal device and estab-
lishing a correspouding change 1n the elec-

{rieal characteristics at the mward end of
the line.
10, A two-way trunk line terminating at

cach mu. in ontward and inward *mmmal
means for establishing a connection between
an outward ferminal at one end to ﬂm n-
ward ferminal at the <>p1)m119 end of the
Jine. means associated with the mward ter-
minals for signaling the outward terminals
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at the same end of the line, whereby a con-
nection established to this inward terminal
may be transferred from said inward ter-
minals to said outward terminal at the same
5 end, means for signaling the outward termi-
nal at the connection originating end of the
line, responsive to the means for transfer-
ring the connection and means for disabling

1,629,008

said last mentioned signaling means on the
establishing of a connection with the out-
ward terminal to which a connection from
the connection originating end of the line
was transferred. :
In witness whereof, I hereunto subscribe
my name this 27 day of June A. D., 1925.
ERMY R. SMITH.
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