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This invention relates to telephone sys-
tems, and more particularly to improve-

" ments in the connecting circuits used in toll
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switching systems whereby operators at toll
switching centers establish . connections be-
tween switching trunks or toll lines.

In systems of this kind where connections
between subscribers located at widely dis-
tant points are desired,.a number of various
types of connections may be made at the
toll switching centers or offices.  For ex-
ample, a connection may be established from
a calling subscriber at a local office. over a
switching trunk to the toll office and from
there over a long distance toll line to another
Jocal office from which the called subscriber
may be reached.. In this type of connec-
tions it is not ordinarily necessary to in-
clude the usual repeater networks in the
transmission line at the toll office.  How-
ever, in some other types of connections, it
is essential that repeater networks should
be ‘included at the toll office for the well
known purpose-of maintaining the proper
transmission line efficiency. This inclusion
is usually essential for connections where
the switching trunk incoming from a local
office is unusually long or where the connec-
tions will extend through other toll offices
over long distance toll  lines in -either or
both directions. . The toll operator’s cord
cirenits, switching trunks and toll lines are
usually so designed that in cases where no
repeaters. ave required, automatic ‘changes
will take place on  the establishing of a
connection to exclude the repeater therefrom.
On the other hand, in connections where re-
peaters ave required these circuits will auto-
matically act on the establishing of such
connections to include the repeater.

Tt is an object of -this invention to. pro-’

vide improved circuit  arrangements in
switching -trunks, toll -lines and universal
toll operators’ cord circuits used in estab-
lishing: connections of the above mentioned
types.

Another object of the invention is to uti-
lize alternating current in the supervisory
control over such types of connections.. To
attain these and other objects of the inven-
tion, as will hereinafter appear, there is
provided in accordance with one feature
thereof means whereby the inclusion or
omission of the usual repeaters in conneec-
tions of the above type and the performing

of the usual busy test may be under con-
trol of alternating ‘current signals of dif-
ferent character. Such control is independ-
ent of other supervisory functions perform-
ed during the establishing of such connec-
tions. L ‘
Another feature resides in the provision
of means whereby when a connection is es-
tablished, between a switching trunk or a
toll line and another toll line requiring a
repeater, the cord circuit used in the con-
nection is automatically controlled by alter-
nating current signals to include a repeater
in said cord circuite. On the other hand if
the connection is extended between a switch-
ing trunk and a toll line that do not require
the inclusion of a repeater, a condition suit-
able for such a’connection is automatically
established or maintained in the cord cireuit.
Another feature of the invention is the
provision of means whereby the alternat-
ing current signals used for changing the

conditions. of the. ¢ord cireuit as mentioned

above are effective over the sleeve terminals
of the jacks and plugs.in which the switch-
ing trunks, toll lines and cord circuits termi-
nate. :

Another feature of the invention resides
in means whereby alternating current sig-
nals are used for actuating the usual busy

test signals such alternating current signals

being effective over the sleeve terminals of
the. switching trunk or toll line tested ‘and
over the tip conductors of the cord circuit
employed. : v
Another feature of the invention resides
in the provision of means whereby the in-
sertion’ of both the answering and calling
plugs of a cord ciréuit into the jacks of the
lines connected thereby is required before

tion in the cord circuit is effected. :
Another feature of the invention resides
in the provision of alternating current re-
sponsive relays for changing the conditions
of the cord circuits which are common to a
plurality of cord circuits. :
The invention has been illustrated in the

‘accompanying drawings in which Fig. 1

shows the incoming end of a switching trunk
or. toll line equipped to cause the inclusion

‘of ‘a repeater. the outgoing end of a toll line

similarly equipped and a cord circuit for the
éstablishment of connections between these
two lines, all arranged in accordance with
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this invention. TFig. 2 shows the incoming
end of a switching “trunk not arranged for
the inclusion of a 1epeatcr when connected
to the cord circuits shown in Fig:. 1. Tig.
3 shows the outgoing end of a swltchlncr
trunk or toll line that does not require the
All of these lines aré
also shown in accordance with this invention
with means for performing the usual busy
test employmo alternating current signals.

The drawings show means Wheleby a con-
nection may be established from a calling
subscriber, connected through the opposite
end of the switching trunk or toll line 1 at
a distant cxchange, over the cord circuit 2
at a toll office to the toll line 8 outgoing to
s’ distant exchange and from there fto the
called subscriber tlnouorh the usual chan-
néls. A conneetion may also extend from
the switching trunk 4 over the cord circuit
2 and the %Wltdnno trunk or toll line 5; or
fx om switching trunk 4 over the cord cireuit
2 and the toll liné 3 or switching trunk or
toll line 53 or from toll line 3, or switching
trunk or toll line 5 in the op] sosite direc-
tion to switching trunk or to]l line 1, or
switching trunk 4.

In the type of connections mentioned
above a switching trunk or toll line 1 and
toll line 3 ave assumed to be of such’length
as to require the inclusion of repeaters, and
consequently are so arranged that when they
are connected through cord circuit 2, the re-
peater indicated by a box 6 is mcluded in
the trangmission circuit between the two
lines. On the other Hand, if a coiinection is
desired between switching trunk 4 and
switching trunk or toll line 5, whic¢h are
assumed to be of such length as not to re-
quire the inclusion of repeaters, the cord
circuit conditions will be such as to prevent
the repeater 6 from being included in the
transmissien -line between the two lines.
This latter effect will also be produced in
the cord circuit if a connection is made be-
tween 2 shiort line at one end, such as switch-
ing trunk 4 and a long line at'the opposite
end, such as toll line 8.

In order to make the application of the
invention. to these disclosures more clear, a
detdiled - description will be made; first, a
connection between switching trunk or toll
line 1 and the tell line 8 which require the
ucual repeater, and second, a connection re-
qtuun:: no lep?a’(el such as between switch-
ing trunk 4 and switching trunk or toll
line 5.

Assuming then that the

toll operator
equwred \\'1th cord cireuit 2

has been ‘as-

signed or has selected, in the usual manner

in toll line service, the switching trunk or
toll Lirie 1 for thé establishment of a con-
nection from a distant office, the usual busy
tert may he performed or not depending on
the manner in which the line 1 is appro-
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priated. Tf the busy test is to be performed,
the operator first actuates her talking key

9 and then touches the sleeve of jack s WLth
he tip of plug 7. On the operation of key
9, cirenits for relays 10 and 11 are completed
as follows: battery, lower windings of re-
lays 10°and 11 in parallel, closed upper outer
contacts of relay 9, male-before-break con-
tacts of relay 12 to ground. This circuit is
however only. completed if relay 12 is in a
released condition and the arvangement is
such that it will be releaged as soon as the
emupment below the dash-dotted line in the
drawing, whicli is common to a plurality of
cord cn"cmt% is released from uge with an-
other cord circuit. This common equipment
includes an operator’s telephone set, a busy
test re]‘ly arrangement, alteln‘ltuw current
responsive relay@ required for the inclusion
of the repeater 6 with cord circuits and al-
ternating current sources employed in this
systent, Reh; s 10 and 11 in operating open
the tip and ring leads of the cord and in-
clude the balancing networks 13 and 14 in
the opposite sides re: pectively of the re-
peater 6 so that when it is subsequently con-
nected to the cord circuit, singing is pre-
vented as is well known in the art. The
operation of relays 10 'and 11 also clores a
civeuit” for rvelay 12 as follows: battery,
winding of velay 12, lower outer armature
and front contacts of relays 11 and 10 in
series to ground. Relay 12 in operating
opens the operating circuit for relays 10 and
11 at its make- before-break contact, but at
the same time closes at its armature and
front contact an obvious locking civenit for
these two Jdﬂb through their upper wind-
ings.

Tt it is found that the switching trunk 1
is engaged through a multiple jack at an-
other po sition In a connection of the same
type, relay 15 will be operated over a cireuit
as follows: battery, the supervisory lamp
of the meloved cord cireuit at the other
pOolL]Oﬂ corresponding to lamp 16 of covd
circuit 2, normally closed contacts of a talk-
ing key conespondum to key 9, sleeve of the
plutr corresponding o plug 7, sleeve of 2
multiple jack of ewitching trunk 1, wind-
ing‘of relay 15 10 ground. (011:4equcn*ly,
when the tip of plug 7 comes in contact
with tiie sleeve of jack 8 when the busy test
is performed. a circuit as follows will be
completed. IFrom one side of the aiter-
nating current sources 17 and 23 outer arma-
ture and front contact of retay 15, sleeve of
jack 8 tip of plug 7. upper inner armature
and front contact of 1el‘1y 10, through va-
rious common keye, such as 2 ringing and
a splitting key, well known in the art (m(l
therefore merely .ndl(*q‘fed by a box 41, i
ner armature and back contact of relay 10,
alternating current vesponcsive relay 18
ground. Relay 18 responds to the particu-
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the usual indication that the .

L current

_sleeve of jack
‘relay 18 will pperate and a busy test signal
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lar altermtum current from source 17 and
closes a cirenit to the usual bugy test cireuit
at the operator’s telephone set connected at
0O..T. so that the operator will now receive
jack tested is
busy.

On the o other hand, if the switching trunk
1 ig idle, the operator. may  after h‘lVln("
operated the talking key 9 inzert plug 7 in
jack § and the lmlowmo circuit is thereby
(()1111)]9[(\(1 battery, wmdm vy of relay 20,

winding of marginal relay ‘)l, inner upper
“closed. contacts of key. 9, sleéve terminals of

plug 7 and jack 8, winding of relay 15 to

eround, This circult causes the operation
of relays 20 and 15. The operation of ve-

lay 20 closes an’ obvious circuit for relay
19, so that relay 19 in opelatmw opens the
connection for the busy test relay 18 and
closes a connectwn for the alternating cur-
rent 1e°ponswe relay 22 to the alt elnat.ln(r
4 sources 17 and 23. *On the Opera~
tion of relay 15, this civeuit from the sources
17 and 23 thouwh the relay 22 is completed
as follows: one side of ﬂm alternating cui-
rent sources 17 and 23, outer armature and
front contact of relay 15, sleeve terminals of
jack 8 and plug 7 Tnner upper closed con-
tacts of key 9, winding of alternating cur-
rent 1'esponswe relay 29, , outer armature and

front contact of relay 19 to ground.- Re-
lay 22 operates in 1‘esponse to the current

from the particular ~alternating current
source 23 and closes at its armature and
front contact a circuit for the inclusion of

“repeater 6 in the transmission circuit of cord

circuit 2, as will be hereinafter deseribed.

It will be understood that. in"accordance
with standard = toll = practice, the oper-
ator at this office has acquired through’ the
ustal means, the numbers of bhoth the calli ing
and called subser ibers and while the calling
subseriber’s line 1s being conneeted to the
switching trunlk 1 thlouvh the usual B op-
erator’s pos;tmn at the distant office, this
toll operator now connects her calluw plug
25 to jack 26 of the toll line 3 leadmc' to
the office through which, the wanted Sub-
seribér may be L'Odched It should be un-
derqtood also that a busy test of this toll line

-3 may be performed in the same manner as

was the busy test. of ‘switching trunk 1.
That is, on touching the tip of p]us: 95 to
96 if the toll line 8 is busy.

given to the operator. The insertion of
plnrr 25 in jack 26 closes a circuit as.fol-
lows: battery, relay 27, marginal relay 28,
closed contacts of key ‘sleeve termma‘s

- of plug 25 and jack 26, relay 29 to ground. .

This causes the opera’mon of relays’ 97 and
29. The operation of relay 27 closes an ob-
vious energizing circuit for relay 80 which
in oper atmo removes the busy: test relay 18
from connection “with the tip of the plug

tact of relay 82

25 and closes a circuit to the alternating cur-
rent sources 17 and 23 so that a circuit 1s now
completed from ‘ground, through-the outer
armature and front contact of relay 30, alter-
nating current responsive relay .31, closed
centacts of key 9, sleeve terminals of plug
25 and jack 26, outer armature
contact. of relay 29, to the opposite side of
the alternating eurrent gources 17 -and 23.
This circuit causes the operation of relay
31 in response to the current from source
23 and a circuit is thereby closed for the
operation of relay 32 as follows: battery,

winding of relay 32, closed contacts of key

9, armature and front contact of alternat-
ing cumént responsive relay 22 and arma-
ture and fronk contact of alternating cur-
rent résponsive relay 81 to ground. The op-
eration of relay 32 causes the leads from the
repeater 6 to:be connected to both sides of
the cord circuit talking conductors, that is,

a circutt will be comp‘eted from the ‘inner

upper and lower -armatures and front con-
tacts of the relay 32, through the .repeater

Dy

‘to the upper and lower make before breal

contacts of relay 32. A -circuit will also
be clozed at the’ upper outer armature. and
front contact of relay 82 to ground for the

epeater G to start it to function as is well
known in the art.. It should be understood
that -any “well- known type of repeater: cir-
cuit may be used and ‘therefore no details
of such a circeait has-beéen shown, but mere-
ly ‘vepresented by the box 6. -

It should be noted that when the key 9
was operated a circuit was completed for.
relay 35 and relay 386 -as follows: battery,
windings of these relays to closed contacts

of key 9 respectively, to the ground at 37 so

that these relays were opera ated immediately
after the actuation of key: 9. The operation
of these relays therefore provides a locking
circuit for rélay 32 over an obvious circuit
to the lower outer armature and front con-
As is well known in stand-
ard toll pmcmce when the calling subscrib-
er’s line has been connected thmlWh the B
operator’s position at the distant office to the
switching trunk 1, the condition.of the sleeve
circuit of jack § will change. That is, a

low resistance path to ground will be plo-

wvided for the sleeve through a resistance 38
“so that now the electric: 11 chardecter of thc

circuit through relays 20-and 21 will be such

as to cause the marginal relay 21 to operate.
The operation of “this marginal relay 21
closes a circuit through a low resistance to
ground for the lamp 16. This la amp i8 now
hfrhted to indicate to ‘the operator at the
cord circuit 2 that the- switching trunk is
connected through to the calling subscriber’s
line. In a similar manner the toll operator
at cord circuit 2 may be notified, by the op-
erator at the opposite end of the toll line 3
causing the lamp 39 to be lighted, that the
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called subscriber’s line has been connected
through to the toll line 8, although the usual
practice is that the operator at the distant
office transmits this information verbally to
the toll operator and the information that
the wanted subscriber has been called and is
ready to receive the call. When these indi-
cations have been received by the toll oper-
ator, she proceeds to ring the calling sub-
scriber by operating the usual ringing key,
not shown, but as stated may be included in
the talking leads at the place indicated by
the numeral 41. When the calling sub-
scriber removes his receiver from the hook
in answer to the ringing the condition of the
sleeve of switching trunk 1 is changed so as
to remove therefrom the resistance 38 to
ground and thus cause relay 21 to release
and thereby extinguish lamp 16 as an indi-
cation to the toll operator that the calling
subscriber has answered. the call.

The calling and called subseriber are now
therefore connected respectively  to  the
switching trunk 1 and the toll line 3 and it
now merely remains for the toll operator to
complete the connection between these two
lines. She accomplishes this by releasing

_the talking key 9 and the eflect of this oper-

ation is that the talking leads are connected
through from plug 7 to plug 25 through the
repeater 6 by the release of relays 10 and 11.
Tt will be noted that the sleeve connection
from jack 8 and plug 7 is now extended di-
rectly to the lamp 16 and relay 35. TLamp
16, however, is not lighted at this time due
to the resistance conditions on the sleeve cir-
cnit; but relay 35 is maintained operated so
that the locking circuits closed at the arma-
ture and front contacts of relays 35 and 86
for relay 82 are maintained and therefore
relay 32 is held operated to maintain the re-
peater 6 in the circuit. Relays 20, 19, 27
and 30 are also released on the return of
key 9 to normal. Upon the release of relays
10 and 11, the cireuit for relay 12 is broken,
so that the common equipment will now be
in position to be used by any other cord
cireuit.

Conversation between the calling and
called subscriber may therefore now begin
and when the comversation ceases and the
calling subscriber, for example, hangs up his

receiver, lamp 16 will again become lighted

as reledase indication to the operator at cord

“circuit 2. The toll operator may then break

down the connection by removing her plugs
7 and 25, and velays 35, 36 and 32 are all
returned to normal as well as the relays 15
and 29 at the incoming ends of switching
trunk 1 and toll line 3,

It will be seen that in connection with the
above type the fact that an alternating cur-
rent source, such as 23, is connected to the
sleeve circuits of jack -8 and jack 26 causes

the operation of the common equipment and

1,681,981

the operation of relay 32 to include the re-
peater 6 in the transmission circuit between
the two lines.

If 2 connection is desired between a
switching trunk, such as 4, and a switching
trunk or toll line, such as 5, requiring no
repeater, the busy test may be performed,
in the sam¢ manner as deseribed in the pre-
vious case, that is a busy test of switching
trunk 4 may be performed through the outer
armature and front contact of relay 15
which is operated when this switching trunk
is busy and the busy tone from alternating
current source 17/ is connected with the
sleeve of jack 8. The same operation will
take place when a busy test is performed to
ascertain the busy or idle condition of
switching trunk or toll line 5 where the busy
tone alternating current source 17”7 will be
connected to the slecve of jack 26’ through
the operation of relay 29”.

If switching trunk 4 and switching trunk
or toll line 5 are idle, the toll operator will
first insert plug 7 into the jack 8" thus
causing the operation of relays 15" and 20,
which in turn, cause the operation of relay
19 to complete the tip lead through to the
operator’s telephone set O. T. As an alter-
nating current source such as 23 is not. con-
nected to the sleeve cirenit of the switch-
ing trunk 4, relay 22 will not operate at
this time nor will relay 31 operate when
plug 25 is inserted in jack 26” as no alter-
nating current source such as 23 is connected
to. the sleeve circuit of this jack. Conse-
quently, the circuit for relay 32 will not
be closed and the continuity of the talking
leads between the plugs 7 and 25 will there-
fore not be disturbed except, of course, at
the armature and contacts of relays 10 and
11 which relays will be imaintained operated
until the release of key 9 when the con-
nection will be cut through from the calling
and called subseriber by the release of these
relays. It is evident then that in this case,
due to the fact that an alternating current
source such as 23 is not connected to the
sleeve circuits of the jacks 8” and 26’ of these

two lines, the cord circuit 2 will function so

as not to include the repeater 6.

On the other hand, if a cornection is
desired between the switching trunk 4 and
the toll line 3 it will be seen that the result
of functioning of the cord citcuit 2 will be
the same, that is-the repeater 6 will not be
included as in this case relay 22 will not
operate so that the circuit for relay-82 will
not he completed. ‘

In connections extending from the oppo-
site direction the functions of the cord cir-
cuit will be the same for the three types of
connections mentioned above. It may also-
be pointed out that the arrangement of the
cord circuit 2 is such that it 1s immaterial
how the plugs 7 and 25 are used in a con-
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nection of this sort. That is, plug 25 may be
used for answering a call, while plug 7 may
be used for completmfr a throuﬂh connection
and vice versa.

What is claimed is:

1. In a telephone system, lines, cord cir-
cuits for interconnecting said lmes a plural-
ity of alternating current sources assocxated
with said lines, a busy signaling device com-
mon to said cord circuits, means responsive
to current from - one 1Lunat1n(f current
source for actuating said device when an en-
gaged line is tested by a cord circuit, and
means ‘responsive to current from anothier
alternating current source for changing the
condition of a cord circuit connected to a
line.

2. In a telephone system, lines, a cord cir--

cuit for interconnecting said hnes, a source
ot alternating current-agsociated with each

“line, means responsive to said alternating

_current associated with one end of the cord

circuit for preparing it for a change in
condition, - and - means associated ‘with the
other end of the cord circuit for complet-
ing the change in condition of sald cord
c1rcu1t

3. In a telephone system, lines, a cord cir-
cuit for interconnecting said hnes, 4 source.
of alternating current “associated with each
line, means individual to the calling: end of
the cord circuit responsive.to alternatmfr
current .from a connected line, means indi-
vidual to the called end of the cord circuit
responsive to alternating current from a con-
nected line, and means ]omtly responsive to
said last mentioned two means for changing
the condition of said cord circuit. -

In witness whereof, I hereunto subscribe:

my name this 25th day of July A. D., 1925.
LESLIE F. PORTER.
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