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19 Claims.

This invention relates to telephone systems
and particularly to small capacity automatic
telephone systems.

An object of the invention is to provide im-

5 proved and economically arranged systems for
automatically establishing connections between
telephone lines. .

Heretofore systems have been provided in

which connections may be extended from one

10 subscriber’s line to another over a cross-bar

switch through a link circuit and in which the

removal of a calling subscriber’s receiver from
the switchhook causes the calling line to be con-
nected to one branch of a link circuit through
the switch and the dialing of a called subscrib-
er’s number causes the called subscriber’s line to
be connected. to the other branch of said link
through the switch. A system of this type is
disclosed in the patent to L. R. Waller 1,567,309
9 of December 29, 1925. Systems have also been
provided in which in addition to connections be-
tween subscribers’ lines, connections may also
be extended from a subscriber’s line to a trunk.
A system of this type is disclosed in the patent
to E. E. Hinrichsen 1,567,365 of December 29,
1925,

1

<

26

A feature of the present invention is an ar-

rangement in a system of this general character
in which a common control circuit is used for
determining the progress of a call through the
switch. This control circuit is seized when the
calling subscriber removes his receiver from the
switchhook and released when the calling line
is connected to the link and again seized when
the dialing of the called subscriber’s number is
completed and again released a short time there-
after. The release of the common control cir-
cuit the first time is controlled by the operation
of a relay operated over a slesve circuit estab-
lished when a connection between the calling
subscriber’s line and the link is completed. The
release of the conirol circuit the second time is

30

o«
ot

40

controlled by the operation of another relay in .

case the called line is found idle and by the

5 operation of a third relay in case the called line
is busy on a call made to a subscriber of another
line or on a call made to a called subscriber on
the same line as the calling subscriber due. to
the busy condition of this line.

Another feature is an arrangement in which

(CL 179—18)

connections may be established for tandem calls,

that is, for a call incoming to the system over
one trunk from a distant office and outgoing over
another trunk to some other distant office. In
this arrangement a special tandem cross-bar
switch may be used exclusively for the establish-
ing of tandem connections between trunks and
to aid in the establishing of such through con-
nections, temporary use is made of an idle link

in the regular trunk and link connecting ‘cvr‘q_ss,‘

bar switch. . o

In the system embodying the features of this
invention, certain lines terminating therein have
two conductors while others have but a single
grounded conductor. In order to termgna,t}c‘the
single-conductor lines with two conductors in the
cross-bar switch in the same manner as the two-
conductor lines, repeating coils are employed.
The single conductor of a line is connected
through the windings of one side of the repeat-
ing coil to ground and the windings of the other
side of the repeating coil are connected in series
to two conductors terminating in the cross-bar
switch. It is a feature of the present invention
to provide means for entirely eliminating the
repeating coil from a single-conductor line when
ringing out over such & line. When the ringing
relay in the system is operated to apply ringing
current it causes, over a special lead, the opera-
tion of a relay in the single-conductor line cir-
cuit. ‘This relay disconnects the single conduc-
tor from the windings of the repeating coil and
connects it to a ringing current source. This
relay also opens an alternating current connec-
tion between the two windings of the other side
of repeating coil and prevents a direct current
connection from being closed bhetween these
windings. - 'Thus, while the ringing relay con-
nects the two conductors for the single-conduc-
tor line to a ringing current source, no ringing
current can pass over these two conductors
through . the repeating coil and consequently
cause no unnecessary drain on the ringing cur-
rent source.

Another feature of the invention relates to
the means for operating two sets of relays of
the control circuit employed during the exten-
sion of a connection. One relay operates in each
of these sets to mark a calling line and another
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relay in one of said sets operates to msark the
link used in the establishing of a connection.
This means comprises two chain circuits for each
set of relays with a fuse connected between each
chain circuit and a single source of current.
Each chain circuit of a pair is capable of oper-
ating said relays independently of the other but
normally both chain circuits operate the relays.
The chain circuits are so arranged with other
relay combinations in the control circuit, that
when a relay in a set is operated, the relays in
sald set located between said operated relay and
the source of current are made inoperative while
the remaining relays in the set are made in-
effective in controlling the establishing of other
connections during the establishing of the con-
nection controlled by the operated relay.

Referring now to the drawings, Fig. 1 shows in
diagrammatic form the arrangement in a small
exchange of subscribers’ lines and trunks in the
system embodying -the applicants’ invention.

Fig. 2 shows the arrangement of the succeeding
Figures 3 to 17 for the reading of the drawings.
These Figures 3 to 17 show a complete system
embodying the applicants’ invention. Figs. 3 and
4 show two types of subscribers’ lines.
shows the cross-bar switches and their selecting
and holding magnets used in this system. Figs.
6 and 7 show various details of a trunk circuit.
Fig. 8 shows an allotter circuit for link circuits.
Figs. 9, 10 and 11 show’'a common control cir-
cuit. Figs. 12, 13, 14 and 15 show the details
of a link circuit used for establishing a connec-
tion between lines or trunks. Figs. 16 and 17
show the details of a ringing equipment, tone,
timing and alarm signal circuits required in this
system. . )

Referring now particularly to Fig. 1, connec-
tions may- be established between subscribers’
lines A and B through the cross-bar switch C
over g link in group D serving the switch C.
The connectioh is' established from the calling
line A by the seizure of one end of an allotted
link and the subscriber of the calling line then
dials for the desired subscriber’s line and oper-
ates switch C to connect the desired line to the
other end of this link. Cross-bar switches of

any well-known type may be used in which the-
operation of a horizontal and a vertical bar eauses .

a connection between circuit eontacts at the in-
tersecting point. Connections may be made from
a subscriber’s line to a trunk E or F outgoing
from the exchange or from a trunk E or F to
& subscriber in the exchange and may be estab-
lished in the same manner as between the two
subscribers’ lines, while a tandem connection may

be made through the exchange from, for exam-

ple, trunk E to trunk F through the cross-bar
switch G. In this case the switch C and a link
circuit - are ‘temporarily used during the estab-
lishing of the connection which is then trans-
ferred to switch G. Calls such as outlined sbove
will now be traced in detail in the following de-
scription in connection with Figs. 3 to 17.

The first connection that will be described is
from the subscriber of the line A to the sub-
scriber of the line B in the exchange. The line
A 1s a grounded return single-conductor line and
the subscriber’s set has been shown merely by a
circle. When the subscriber of this line removes
the receiver from the switchhock a circuit is com-
bleted for the operation of felay 180 from bat-
tery, winding of this relay, lower left-hand wind-
ing of repeating coil 181, contacts of relay 193,

Fig. 5

-relay sets for other links.

2,104,449

upber winding of retardstion coll 108 to the sub-
scriber’s set to ground. This causes the operation
of relay 168 which closes a connection over the
tip and ring conductors of the line for the line
relay 500 from battery, left-hand winding of this
relay, contacts of the holding magnet 58, ring
conductor, the upper right-hand winding of the
repeating coil 1084, contacts of relay | 26, lower
right-hand winding of the repeating coil 101, the
tip conductor, right-hand winding of the line re-
lay 500, contacts of holding magnet 501 to ground.
The line relay 580 closes a connection to ground
for the GRP and LT leads. It should be observed
that the relay 500 closes a circuit for relay 1005
over lead LT when relay 1150 is operated as here-
inafter described, from battery, make-before-
break contacts of relays 1013, 1012 and 1005,
windings of relay {005, contacts of relay 4100,
lead LT, contacts of relays 502 and 500 to ground.
This relay 1005 represents the first subscriber in
a group, that is in this case, the subscriber of
line A, to the control circuit in Fig. 9. The ground
on the GRP lead causes the operation of relay
929 from battery make-before-break contacts of
relays 981 and 902, contacts of relay 923, wind-

-ings of relay 900, make-before-break contacts of

relay 904 to the GRP lead, contacts of relay 502
to ground at contacts of line relay 500. It should
bz observed at this time that in the part of the

cantrol circuit shown in Pig. 9 a number of sets 3

of group relays are shown, of which relays- 901
and 805 are provided for a link (not shown)
relays 902 and 906 are provided for the first link
shown in detail in Figs. 12 to 15, relay 903 is

provided for the whole exchange, relays 986 and &

904 are provided for the particular group of ten
lines in  which the calling line is located and
relays 907 and 908 are provided for a particular
group of trunks. Other relays may be supplied
in the connections between relays 990 and 904
on the one hand, and relays 907 and 908 on the
other hand for additional group relay sets for
other groups of lines and trunks, and between
relays 802 and 925 on the one hand and relays
801 and 905 on the other hand for additional
Relay 908 is locked
from battery through its windings and its inner
upper and lower armatures and contacts over
lead GRP to the ground at{ line relay 500 inde-
pendent of the battery at the make-before-break
contacts of relay 901. Relay 904 now operates
from battery, windings of this relay, outer upper
and lower armatures and front contacts of relay
960 through intermediate relays (not shown),
outer upper and lower armatures and contacts
of relay 807, make-before-break contacts of relay
803, inner left-hand and right-hand armatures
of back contacts of relay 1000 to ground in Fig. 10.
Relay 988 in operating also disconnects ground
from the armatures of the group rclays fowards
the right such as 905 and 906 and other associ-
ated corresponding relays and disconnects bat-
tey from the armatures of the group relays to-
wards-the left such as relays 907 and other relays

~ of that kind so as to prevent any of these relays

from becoming effective while the control circuit
is engaged in this call due to the operation of
relays 908 and 904. If a relay such as 902 oper-
ates it is ineffective as the associated relay 806
cannot operate as the ground is disconnected by
relay 908 and a relay such as 807 cannot operate
s the battery is disconnected by relay 939. The
operation of the relay 994 provided a path for
locking the relay 900 independently of the ground

10

20

25

44

43

5




2,104,449

on the GRP lead, the locking circuit extending
from battery, the operated armatures and front
contacts of relay 900 and its windings, upper

. and lower inner armatures and front contacts

10
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3 which has been shown in Figs. 12

of relay 964, contacts of relay 1001 to ground.
In Fig. 11 there is a relay 1100, which is pro-

vided for the particular group of subscribers’

lines in which the calling line A is located and
similar relays are provided for other groups but
not shown. It may ke mentioned here that there
is also one similar relay provided for each group
of trunks, only one of which has been shown.
This relay is numbered {101 and represents the
group of trunks of which the trunk shown in
Figs. 6 and 7 is one. Upon the operation of relay
904 the circuit is completed for the relay (100
from battery, winding of this relay, contacts of
relay 904 to ground. It should also be observed
that in the allotter circuit shown in Fig. 8 there
is one relay provided for each link, relay 880 for
the first link, 801 for the second, 802 for the

third and 883 for the fourth link, this circuit

being provided with only four links. If the al-
lotter circuit is normal and the first link circuit
to 15 is idle
relay 800 is operated and maintained operated
over a locking circuit from battery, its left-hand
winding, inner left-hand armature and front
contact, left-hand make-before-break contacts of
relays 801, 882 and 803, right-hand winding of
relay 805 to ground and another locking wind-
ing from battery at the third outer right-hand
armature and back contact of relay 836, inner
right-hand armature and back contact of relay
891, right-hand winding of relay 800, inner right-
hand armature and front contact of this relay,
right-hand make-before-break contacts of relays
801, 802 and 863, left-hand winding of relay 809
to ground. Relays 805 and 809 ate therefore also
operated at this time. Asg soon as relay 984 oper-
ated a circuit was closed for the operatfion cf a
start relay 1003 in the control circuit from bat-
tery, windings of this relay, contacts of relays
1000, 904, 810 and 80T to ground. Relay {003
prevides a locking circuit over its Jett-hand wind-
ing, contacts of relay 1000, and its second left-
hand armature and front contact to ground. Re-
lay 1003 now closes a circuit for the start lead ST
to seize the first link by the operation of relay
{400.  The circuit for relay 1400 may be traced
from battery, upper winding of this relay, con-
tacts of relays 1599, 1200 and 140i. the start lead
ST through contacts of relays 800 and 1004 to
ground at contacts of relay 1003, It should be
observed at this time that there are duplicate
sets of circuits for the operation of relavs, 800
o 803, 907, 900, 902, 801, 1005, 1042 and 1043 and
other relays. The batteries marked A are. in
reality a single battery with a fuse not shown
between it and the various circuits and simi-
larly the batteries marked B are a single battery
with a fuse not shown between it and its various
circuits. The purpose of these circuits through
duplicate windings and contacts is to prevent

Y preakdown of the circuifs of these important

relays. For example, if a false ground oceurs in
one of the battery chains thus blowing the fuse
connected at the source-2s described, the relays
in the chain will nevertheless operate on the
other winding from battery through the other
fuse. In case a false ground occurs on one of the
ground chains the circuits will function normally
when calls come in. Under all of the above con-
ditions the circuits are arrahged to detect these

3

conditions. Figs. 16 and 17 show such detection
or alarm circuits. Therefore, if, for example, one
of the chain circuits is opened for the allotter re-
lays, the relay 809 or 809, as the case may be, will
release when one of the relays 800 to 803 operates.
This connects ground to the lead CA causing the
operation of relay 10186, this relay in turn closing
a circuit over the CAl lead for the operation of
relay 1608 which locks under the control of the
release key and causes the operation of relay 1607.
This relay closes partially the circuit for the
buzzer and the red lamp shown in Fig. 16. When
tkis condition is to be ascertained the guard key
is operated and the green and red lamps light
steadily to indicate this condition. Also in case
a false ground appears on the battery chain of
relays 907, 909, 993, 901 or 1005, 1012 and 1043,
the gperation of relay 1018 as described will con-
nect the relay 1617 or 1018 to the chain contacts
fer these groups of relays, respectively. Then
when the relay 100! is operated at the end of a
eall, as will be described hereinafter, the par-
ticular relay operated in each chain circuit re-
leases and if no other call is waiting battery will
ba cennected directly to one end of the winding

¢f the relay 1017 or 1018 through the ground

chzin circuit and this relay will then operate
over a circuit in series with the resistance to
ground as shown. Relay 10 IT or 1018 operates the
relay 1916 and an indication is given as usual.
S'milarly, if a ground chain is open for one of
these groups of relays, or, if at the end of the
call the normal ground applied by relay 1001 is
removed and relay 1019 or 1029 will operate, as
normally when relay 1010 is operated, these relays
are connected differentially to the ground chain
circuit.  Relay 1016 will then operate to give the
jndication as usual. The circuits of the allotter
are so arranged that if for any reason the start
wire ST is not advanced properly an emergency
nath for advancing it under control of the relays
g2, 843, i@, 807 and 806 is provided. At the
time the control circuit grounds the ST lead by
the operation of relay 963, ground is also con-
nected to lead H3 which operates relay 812. This
relay in turn operates relay 813. The operation
of relay 813 operates the relay 810 which releases
relay 812. The release of relay 812 releases the
relay §!3 which operates the relay 837 over a
circuit from battery through the winding of this
relay and its make-before-break contacts, con-
tacts of relay 8i3 and operated contacts of relay
819 to ground on lead H3. Relay 813 also opens
the circuit for relay 818 which releases slowly to

. permit the above circuit for relay 807 to be closed.

The operation of relay 8871 disconnects battery
from the primary or right-hand windings of the
relays 800, 801, 802 and 893 and disconnects
ground from the right-hand armature of relay
295 and armatures of relay 809. This relay also
cleses an obvious locking circuit for itself over
lead H3 at its inner left-hand armature and front
contact and disconnects ground from the leads 4
and 5 to prevent the control circuit from being
seized. This relay also connects ground to con-
tacts of the even numbered relays, such as 8CO
and 882. If, for example, relay 802 is operated,
the ground from relay 807 will operate the next
relay 803 from ground at relay 807, contacts of
relays 806, 803 and 800, through the left-hand
winding of relay 803 to battery. Relay 803 will
operate and lock as usual and release relay 802.
The release of relay 8!8 removes the short circuit
from relay 806 which now operates from battery
through -a resistance, its winding, contacts of
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relay 367 fo ground on lead HS. The operation
of relay 868 connects battery to the right-hand
windings of relays 881, 802 and 888 and prepares a
path for grounding leads 8 and 7 to the control
circuit to release it by operation of relay (86! in
case it has failed to operate. It also connects
ground through contacts of relay 887 to the right-
hand armature of relay 805 and the armatures of
relay 808. Relay 806 also disconnects the ground
from the contacts of the even numbered relays
838, 862. The release of relay 818 also reoperates
the relays 812, 813 and 81§ which repeat the cycle
of operations as previously described. The release
of the relay 818 short-circuits the relay 867 which
now releases. The release of relay 887 discon-
nects battery from the right-hand windings of
relays 801, 802 and 803 and disconnects ground
frem the right-hand armature of relay 895 and
the armatures of relay 809. It also connects
ground to the odd numbered relays 801 and 883
and connects ground to the leads 4, 5 and 6 to the
control -cireuit. If any of the numbered relays
800 or 802 were operated this ground from relay
806 will operate the succeeding even numbered
relay, for example, if relay 801 were operated,
relay 802 will operate from battery through the
left-hand winding of this relay, contact of relay
801, contacts of relays 808 and 866 to ground.
This relay then locks and releases the preceding
relay 801. ‘'Thus this emergency circuit will be
advanced to the start wire to select the succeeding
link regardless of the regular advancement of
this wire. Returning now to the coperation of re-
lay 1400, this relay closes a locking circuit for
itself from battery, the lower winding, second
lower armature and front contact to ground at
the relay 1003. 'This relay also closes a circuit
for the relay 1004 from battery to the winding of
this relay, lower inner armature and front con-
tact and second lower armature and front con-
tact to the ground at contacts of relay 1203. Re-
lay 1004 in cperating opens the start circuit.
Relay 1400 further closes a circuit for the select
magnet 503 for the first link from battery, wind-
ing of magnet 503, contacts of relay 1400 to
ground and a circuit for the operation of relay
1581, from battery, winding of this relay, contacts
of relays 1300 and 1400 to-ground. Relay 1501,
In turn, closes a circuit for the operation of relay
{301 from battery, winding of this relay, contacts
of relay 1280, contacts of relay 1501 to ground.
Relay 1301 closes an cbvious circuit for the oper-
ation of relay 1302. Relay 1302 closes a circuit
for a dial tone to be transmitted over lead B to
the calling subscriber’s line from coil 1704 over
lead DT. Coil 1704 receives dial tone from relay
780 which is given a buzzing action by the cir-
cuit from ground contacts of relay 1306, 1302,
12333, relay #7090 to battery. The dial tone cir-
cuit will not be closed until relay (300 is operated
as hereinaffer described. This circuit will then
extend from coil 1704, the DT lead, contacts of
relays 1300, 1516, 1303, 1306 to the B lead. Re-
lay 1302 in turn closes a circuit for relay 15063
from battery, a resistance, winding of this relay,
contacts of relays 1303, 1304 and 1302 to ground.
Relay 1508 closes a circuit for the holding mag-
net 581 to connect through contacts 504 of
switch C the calling line to the first link, The
circuit for the holding magnet extends from bat-
tery, winding of magnet 561, the HM lead, con-
tacts of relays {100 and 1005, and the L'T lead,
contacts of relays 1503, and 1400 to ground. Mag-
net 591 closes an obvious circuit for the operation

" ground, independent of
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of relay 862 and relay 389 is released. The
grounds for the GRP ang LT leads are removed
and s ground apgiied on the BT lead to make this
line busy. Relay 582 in operating closes g circuit
for the permanent signal Indication relay 1818
from battery through the winding of this relay
over the PS lead to ground at Telay 562. Relay
1500 is now operated over an ocbvious circuit by
the operation of relay 1583, When the connec-
tion is established at contact 588 & circuit is com-
pleted for the operation of velay 1308 from bat-
tery, winding of this relay over the sleeve lead S
connected at contacts 504, to the HM lead, to

ground through contacts of relays 1100, 1005,

{503 and 1460, that Is, the same circuit used for
the holding magnet 501, Relay {300 locks over its
inner left-hand armature and front contact
through contacts of relays 1524, 1302 and 1401 to
the ground through the
control circuit. This ground connection also
serves to hold the magnet 504 operated over the
sleeve S independently of the ground through
the control cireuit. Relay {300 opens the cireuit
for relay 1501, but this relay is held operated by
an obvious circuit through contacts of relay {504
which operate as hereinafter described. A circuit
is also completed over the tip and ring conductors
through contacts 504, contacts of relays {201
and 1200 to battery and ground over windings
of relay 1594 to operate this relay. Relay {504
holds relay 1501 operated as described.

The control cireuit is now released momentarily
as there is no further need for this circuit until
dialing is completed. This is accomplished as
follows: It should be noted that as soon as relay
1390 operates the relay 801 of the allotter circuits
for the second link is operated over a circuit from
battery, contacts of relay 806, contacts of relay
807, right-hand winding of relay 801, contacts
of relay 880, the GD lead, contacts of relay 1300,
the GDI lead, right-hand winding of relay 809,
left-hand winding of relay 865 to ground. This
holds relays 809 and 805 operated during the op-
eration of allotter relay 801, The relay 801 now
locks from battery, its left-hand winding, its
inner left-hand armature and front contact, the
corresponding make-before-break contacts of re-~
lays 892 and 893, the right-hand winding of relay
885, and it also locks through its right-hand
winding, from battery contacts of relays 806 ang
881, its right-hand winding and its inner right-
hand armature and front contact, the corre-
sponding make-before-break contacts of relays
802 and 803 to ground through the left-hand
winding of relay 809. Relay 801 in operating
releases relay 880 by opening its locking circuits
through both windings of this relay. Relay 801
advances the start lead ST to the next link. Re-
turning now to relay 1309, this relay also closes a
circuit for the operation of relay 1001, from bat-
tery, its right-hand winding, the RL lead contacts
of relays 1400, and 1300 to ground. This relay in
operating closes an obvious circuit for the opera-
tion of relay 1006. Relay 1001 releases relay 900
and relay {900 releases relay 964. Relay 904 re-
leases relay 1109. Relay 1000 also opens the cir-
cuit for start relay 1003 which now releases caus-
ing the release in turn of relays 1400, 1004, (004
and 1000. Relays (609 and 1010 which were op-
erated on the operation of the start relay (093
for test purposes as previously described are also
released.

It should be noted that the original operating
circuit for relay 1400 was opened by the opera-
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tion of relay 1300 The relays in the control clr-
cult as shown in Figs. 9, 10 and 11 are now all
returned to normal and consequently this control
circuit is available for the establishing of other
connections until dialing starts. -The relays that
are now. operated in the system due to’ the call-
ing subscriber removing his receiver from ‘the
switchhook are relays 1561, 1504, 1301, 1302 and
1300, the circuits are now ready for dialing.

. The calling subscriber may now dial the num-
ber of the desired subscriber’s line which com-
prises three digits. The first will select the group
of ten in which the called subscriber’s line is
Jocated, ‘the second digit will select -the called
line and the third digit will select the ringing
code to be applied to the called line. The link
shown is provided with registering or counting
relay groups for recording these three digits.
In Fig. 12 the relays 1266 to 1241 are the register
relays for the first digit.  These relays are also
used for the registering and storing of the third
digit, the first digit being stored on special stor-
ing relays 1406 to 1469 in Fig. 14 The second
digit is recorded and stored on the register relays
1506 to 1511 in Fig. 15. If now the subscriber
dials the first digit by releasing and operating re-
lay 100 to open and close the loop connection
over the tip and ring conductors through the
right-hand windings of repeating coil - 101, the
first impulse will release relay (504, This releases
relay 1501 and the release of this relay closesa
circuit for the cperation of relays 1512 ‘and 1513.
The circuit for relay 1512 extends from battery
through the winding of this relay, contacts of
relay 1501, contacts of relays 1413 and 1302 to
ground and the circuit for relay 1513 extends
from battery through the winding of this relay,
contacts of relays 1515 and 1514 and from this
point on over the same circuit as relay 1512 was
energized to ground at relay 1302. Relay 1512
is slow in releasing and remains operated during
the pulsing. When now the pulsing relay 1504 is
reoperated at the end of the first pulse relay 1501
reoperates from battery, winding  of this relay,
contacts of relays 1513 and 1514 to ground at
contacts of relay 1594, and relay 1501 locks di-
rectly to this ground. Then relay {514 is oper-
ated over g circuit in series with relay 1513 from
battery through the winding of relay {513, con-
tacts of relays 1515 and (5{3, right-hand wind-
ing of relay 1514, contacts of relays 1303, 1512
and 1413 to ground at the contacts of relay 1302.
When relay 1504 was first released it opened the
cperating circuit for relay {301, but this relay is

. slow in releasing so that it remains operated

during dialing. Relay 1514 places. a ground on
the odd pulsing lead to operate the first register
relay 1207 in Fig. 12 from battery through the
winding of this relay and its make-before-break
contacts, contacts of relays 1208, 1209, (210 and

1211, contacts of relays 1517, 1518, 1303, 1512,

1413 and 1324 to ground at relay 1302. The relay
1201 is locked through its lower inner armature
and front contact over contacts of relays 1208,
1269, 1210, 1211, 1516 and (812 and from there
to ground at relay 1302. It should be noted that
the right-hand winding of relay 1514 was short-
circuited by the ground at the outer left-hand
armature and back contact of relay 1501 so relay
{514 could not operate until relay 150( has oper-
ated. As relay $504 responds to the second im-
pulse by releasing, it causes the release of relay
1501 as hereinbefore described and eloses a circuit
for the operation of relay 1515. This circuit may

5

be traced from battery, winding of this relay,
left-hand winding of relay 1514 and operated
contacts, contacts of relay 1581 to ground at re-
lay 1302. Relay (515 in operating opens the
circuit for relay 1513 which now releases, but re-
lay 1514 remains operated as long as relay 1501
is released: When now relay 1504 operates at the
end of the second impulse, relay 1501 is again
operated over s circuit at this time closed from
battery through the winding of relay 150 f, normal
contacts of relay 1513, and operated contacts of
re'ay 1514 to ground at the contacts of relay
1508. Relay 1501 locks directly through contacts
of relay 1504. Relay {50 in operating releases
relays 1514 and i5i5. Relay 154 removes the
ground from the odd pulse lead and applies it
to the even pulse lead and causes the operation
of the second register relay 1208 in Fig.12. The
circuit for this relay may be traced from battery,
winding of relay 1208, contacts of relays 1201,

1547, 1514 and 1512 to the ground hereinbefore

traced at contacts of relay 1302. Relay 1208
locks over its lower inner armature and front
contact and contacts of relays 1209, (210 and
(211 to the same ground as relay 1207 was locked
at relay 1392 hereinbefore traced. ‘The relay 1208
opens the locking circuit for relay {207 which
now releases. On succeeding impulses incoming
to the pulsing relay 1508 the relays {513, 1514
and 1515 will operate and function in the same
manner. On each odd impulse relay {514 will be
operated to ground the odd pulsing lead and on
each even impulse relay 1514 will be released to
ground the even pulsing lead to the counting re-
lays. Thus. the register relays will be operated
and released in succession as the impulses are re-
ceived over the odd and even leads from relay
1514. The cperation' of the register relays in
response to these pulses is as follows: As already
explained the first iImpulse causes the operation
of relay 1237 and this relay in operating prepares
the cireu’t for the second relay 1208. When re-
lay 1514 releases at the conclusion of the second
impulse this relay is operated as described. Re-
lay 1208 prepares the circult for the odd pulsing
lead to relay 1209.. This ground on the even pulse
1ead also at this time causes beside the operation
of relay i208, the operation of relay 1516 from
battery, left-hand winding of this relay and its
left-hand make-before-break contacts, contacts
of relay 1306 to ground on the even pulsing lead.
Relay 1516 prepares an operating eircuit for re-
lays 1306 and 157 to be operated as will here-

‘inafter be described. On this third impulse,

therefore, relay 1208 will operate and relay 1208
release and on the fourth impulse relay 1219 will
operate and relay 1209 release. On the fifth im-
pulse relay 121f will operate and relay 1210 will
release. On the sixth impulse relay 1206 will
operate but relay {211 will not release. Relay
1206 locks under control of relay 1616 from bat-
tery, winding of relay 1206 and its lower inner
armature and front contact to the ground at the
second right-hand armature and front contact
of relay §516. On the seventh impulse relay (207
will again be operated and relay {21t will release.
On the eighth impulse relay 1208 will operate and
relay §207 will release. On the ninth impulse re-
lay 1209 will operate and relay 1208 will release.
On the tenth impulse relay 1210 will operate
and relay 1208 will release. A permanent locking
ground for the register relays is not provided
until relay 1516 is operated in response to the
second impulse. This is provided so that in case
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of a preliminary impulse being received when
relay 1512 releases at the end of the first impulse,
relay 1207 will release and the cireuit will be
restored to normal condition before the prelimi-
nary impulse has been received. If, however,
more than one impulse is received the associated
relay 1516 operates as mentioned and provides
a locking circuit for the register relays so that
they will not restore when relay 1612 restores at
the end of the first digit. Assuming that more
than one impulse is received on the register re-
lays a certain one of the register relays remains
operated and in case of digits above 6 relay 1206
also remains operated at the end of the digit
dialed. When relay 1512 now releases, relays
1306 and 1511 are operated, relay 1306 over a
circuit from battery through the winding of this
reiay, its make-before-break contact, contacts
of relays 1516, and 1512 to ground at relay 1302.
Relay 1517 operates from battery through the
winding of this relay, contacts of relay (518,
make-before-break contact of relay 1306 to the
ground at relay (302 as hereinbefore traced.
These two relays lock over a ground at the inner
left-hand armature and front contact of relay
1306, contacts of relay 1308 to ground at contacts
of relay 1302.

Relay 1§17 transfers the odd and even pulsing
leads to the register relays for the second digit,
that is, relays 1506 to I15{1, inclusive, which now
respond to impulses controlled by relay 1514 ex-
cept that in this case the first register relay
1507 will operate and lock if only one impulse
is received. In this case when relay 1512 oper-
ates on the receipt of the first impulse, relay 1506
is released. - It should be noted that the original
energizing circuit and locking circuit for relay
1816 through its left-hand winding was opened
on the operation of relay 306 while a substitute
locking circuit was provided through the right-
hand winding of this relay and contacts of re-
lay 1518 through contacts of relay 1512 to ground
at relay 1302 when relay 152 was released at the
end of the first digit. This locking circuit is now
therefore opened and relay 1516 releases when
relay 1512 operates. Relay 1516 releasing pre-
pares circuits for the subsequent operation of re-
lay 1518 as will hereinafter be described. With
relay 1516 released and relay 1512 operated the
first set of register relays will have their locking
grounds transferred through contacts of relay
1512 to ground at relay 1302 through the right-
hand make-before-break contacts of relay 1516 so
that when relay {512 is released at the end of the
second digit, these register relays will release.
However, the reason for releasing the counting
relays after the first digit has been registered,
is.to prepare them for the reception of the third
digit. As hereinbefore mentioned, the first digit
is stored on the storing relays (406 to 1410. The
storing of the first digit as determined by the
operation of the register relays, is as follows:

If the first digit dialed is “2”, relay 1208 is, of -

course, operated and this causes the operation of
the storing relay (408 from battery, winding of
this relay and its make-before-break contacts,
contacts of relays 1208 and 1518 and contacts of
relay 1306 to ground. However this operation of

a storing relay it will be noted does not take place

until the end of the digit when relay (306 is
operated as hereinbefore described. The storing
relay 1408 locks directly through its upper inner
armature and front contact to the ground at re-
lay 1306. If the first digit is “3”, storing relays

8,104,449

1407 and 1408 will operate. If the digit is “4”,
relay 1409 will operate. If the digit is “5”, relays
1407 and 1409 will operate. If the digit is “6”,
relay 1406 will operate, If the digit is “7”, relays
1407 and 1406 will operate. If the digit is “8”,
relays {408 and 1406 will operate. If the digit
is “9”, relays 1407, 1408 and (406 will operate. If
the digit is “10” relays 1489 and 1406 will oper-
ate. Whichever combination of storing relays is
operated in response to the first digit, they will
prepare, as. will hereinafter be described, the
control of the switch C to select the group of lines
in which a desired subscriber’s line is located
through operations in the control circuit herein-
after described.

Returning now to the transmission of the sec-

ond digit, it was mentioned that the relays 1506

to I5H1, inclusive, operate in the same manner as
the relays 1206 to (211, inclusive. Register re-
lay 1510 will operate when the digit is “1” over
a circuit as follows, battery winding of relay 1520,
contacts of relays 1500 and 1517, lower winding
of relay 1510, contacts of relays 1509, 1508, 1507,
1506, 1517 and 1514 over the odd lead to ground
at relay 1302 as hereinbefore traced. Relay 1510
locks from. battery, upper winding and make-
before-break contacts of this relay, contacts of
relays (509, 1508, 1507, 1506, 1413 to ground at
relay 1302. Similarly other register relays are
operated and locked by other digits, relay 1509
by digit “2”, relay 1508 by digit “3”, relay 1507
by digit “4”, relay 1508 by digit “5”, relays 1506
and 1511 by digit “6”, relays 1511 and (510 by
digit “7”, relays 1511 and 1509 by digit “8”, relays
{511 and 1508 by digit “9”, relays 1511 and 1507
by digit “10”. At the end of the last pulse of
the second digit the register relay or relays
which may have operated in response to this digit
remain locked under control of relay 1413. The
locking circuit, for example, for relay (510 may
be traced from battery through the upper wind-
ing of this relay at its upper inner armature and
front contact, make-before-break contacts of
relays 1509, 1508, 1507 and 1506, lower outer
armature and back contact of relay (413 to
ground at relay 1302. When now relay 1512 re-
leases at the end of the second digit, relay (518
operates from battery, winding of this relay,
contacts of relays 1517, 1516 and (512 to ground
at relay 1302 and locks through its own contacts
independent of relay {5i7. Relay 15(8 in oper-
ating releases relay 1511 by the opening of its
make-before-break contacts. The register relays
operated for the first digit are released due to
the release of relay 1512 as the holding ground
for these relays was transferred under control
of relay 1512 on the release of relay 1516, Re-
lay 518 also in operating opens at its outer
armature and back contact the ground connec-
tion from the register relays for operating the
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exercised over these storing relays. After the
setting of the register relays for the second digit
the circuits function to respond to the third digit,
that is, relay 1514 will apply ground to the odd

‘and ‘even pulsing leads ‘which now have been

transferred by, the release of relay 1517 back to
the first set of register relays in Fig. 12. These
relays will now respond to the impulses the same
as before. 'When the first impulse is received in
addition to operating relay 1207, relay 1516 will
now be operated and locks through contacts of

relay 1518 to ground at relay 1302. The circuit
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for relay 1516, in this case, extends from bat-
tery, left-hand winding of this relay and its left-
hand make-before-break contacts, .contacts of
relay (518 over the same circuit as relay 1207
to ground at relay 1302, The register relays in
Fig. 12 are now seb in accordance with a third
digit. At the end of this digit the register relays
which are operated lock to ground at contacts of
relay 15i6. These. relays, as stated, determine
the ringing code that is to be sent out on the line.
At the end of the third digit, relay 1303 operates
over a circuit from battery, winding of this re-
lay and its make-before-break contacts, contacts
of relays 1518; 1516 and 1512 to ground at relay
1302. This relay locks through its inner left-
hand armature and front contact to ground at
relay 1302. Relay (303 now closes a starting cir-
cuit for the operation of relay 802 in the control
circuit for this link from battery through the
make-before-break contacts of relay 90f, wind-
ings of relay 902, make-before-break confacts
of relay 908, contacts of relay 1503 to greund at
relay 1303. Relay 906 then operates from bat-
tery through its windings, contacts of relays
902, 960, 904 and 803 to ground at contacts of
relay 1000. Relay 906 tocks relay 902 from bat-
tery through the inner upper and lower arma-
tures and front contacts of this relay and its
windings, inner upper and lower armatures and
front contacts of relay 908, contacts of relay
1001 to ground. Relay 906 closes an obvious
circuit for the operation of relay 1104, Relay
{104, as usual, closes through various leads be-
tween the link and the control circuit and oper-
ates the peg count register {115 over an obvious
circuit. If it is assumed that the called sub-
scriber’s line is located in the first group of ten
lines the relay 1100 will operate from battery,

winding of this relay over contacts of relays.

{104, 1407 and (408 to ground at contacts of
relay (406, It will be remembered that relay
1408 is operated on the first digit comprising two
impuises. It should be noted that relay 1503
now releases due to a short circuit for its holding
circuit being closed by the operation of relay
1104 from ground through a resistance to bat-
tery for this relay. Tt should be noted that the
selector magnet 506 is immediately operated upon
the operation of relay 1104 through ground sup-
plied at the upper inner armature and front con-
tact of this relay for this magnet so that the
holding magnet on the called line may be oper-
ated depending on which line is called. If the
subscriber at B is the one called which is num-
bered 9 in the first group of 10, the relays 1608,
511 in the second digit register relays would be
operated. If the called line is idle relay (500
will release as soon as relay 1503 is released and

‘thus close a circuit for the holding magnet 508

for this line from battery, winding of this mag-

net, on the HM lead, contacts of relays {igo, -

541, 1520, 1503, 1500 to ground at
relay 1412. However, had the called line been
busy there would have been a ground on the
BT lead due to the operation of magnet 508 and
relays 502 and {412 would have operated before
relay 1500, which is slow to release, had they had
time to release on the release of relay 1503. The
cireuit for this relay would be as follows: from
battery through the winding of relay 1412, con-
tacts of relay 1500 and its left-hand winding,
contacts of relays 1503, 1520 (the latter relay re-
jeased on release of relay 1503), contacts of re-
lays (501, 1506, 1507, 1508, (104, 1100 over the

1104, 1508,

7
BT lead, contacts of relay 502 to ground at mag-
net 508 supplied from relays in the link used
by the called subscriber’s -line. Consequently,
relay 1500 will not release and thus cause relay
{521 to operate on the release of relays {503 and
{520. ‘This circuit may be traced:from battery
through the winding of relay 1521, contacts of
relays 1500, 1503, i5i1, 1508, 1104, 1100 and the
HM lead to the ground at the contacts of this
busy line through switch C and the sleeve lead
S as hereinbefore traced. Relay 152¢ lccks over
its inner left-hand armature and front contact
to ground at relay 1302, With relay 1412 oper-
ated relay 1560 will now release. As relay (4812
supplies a,locking cireuit for itself through its
second lower armature and front contact to
ground at relay (302 this ground short-circuits
relay 1500. With relay 1412 operated and relay
1500 relcased the control circuit is released by
the operation of relay’ {001 from battery, right-
hand winding of this relay, contacts of relays
1104, 1500, {412 to ground. Relay 1001 closes an
obvious circuit for the operation of relay 1080
and this relay in turn releases relay 906. Relay
906 releases relay 1104 and this relay in releas-
ing causes the release of relays 1160 and (00{.
Relay 1001 releases relay 1000 so that the con-
trol cireuit is now completely released. Relay
1412, on the other hand, places a busy fone on
the calling line over the A and B leads from
the busy tone source in Fig. 17. ‘The operation
of the busy tone means in Fig. 17 is started by
the ground supplied to the TS lead at the uprer
middle armature and front contact of relay 1412
to cause a buzzing action of relay 1700 and ground
supplied over the ST lead operates relay 1699
to supply a ground to cause a buzzing acticn of
relays (701, 1702 and {703 to close the leads A
and B to supply the busy tone from coil 1184 al-
ternately energized by relay 1100. - The action of
these relays will be explained more fully in con-
nection with the ringing of subscriber’s line.

If it is assumed that the line is idle there will
be no ground on leads BT and HM of the desired
line, relay 1412 will not operate and relay 1589
will release so that the holding magnet 568 of
the desired subscriber’s line will operate as de-
seribed. Consequently, the calling subscriber’s

" line will be connected at contact 511 in switch C

to the first link. The ground, above mentioned,
from the lower outer armature and back contact
of relay 1412 now extends over the HM lead
through the sleeve contacts of group 5if at
switch C over lead Sl to cause the operation of
relay 1414, extends over contacts of relay 1413,
winding of relay 1414 to battery. Relay 1414 in
operating provides a locking circuit for itself
through its second upper armature and front
contacts and contacts of relay {413 to ground at
relay (302. This relay now establishes a con-
nection to ground at its lower outer armature
and front contact for the starting of the ringing
interrupter as shown in Fig. 17 to ring the de-
sired subscriber’s line as will be hereinafter de-
scribed. It will also place a ground on the S
lead to hold the holding magnet of the called

‘line operated independent of the ground from the

lJower outer armature and back contact of relay
(812 as traced over the HM lead. The ground
on the SI lead is supplied from contacts of relay
1302 over the second lower armature and front
contacts of relay 1414. Relay {414 also supplies
a ground at its third lower armature and front
contact for the operation of relay 1881 from
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5 then closes a circuit for relay 1703,

8

battery, right-hand winding of relay 1004 , con-
tacts of relay 1104 to said ground at relay 1414,
Relay 1001 closes an obvious circuit for the oper-
ation of relay 1000 and this relay in turn releases
the start relay 1003, while the relay 1001 releases
relays 902 and 906. Relay (000 closes an obvious
circuit relay 1009 which then operates relay 1010
for the various tests as will hereinafter be de-
scribed. The release of relay 906 causes the re-
lease of the relay 1184 which in turn releases
relay 1100. Relay 1104 releases relay 1101 and
relay {430 in the link circuit, and this in turn re-
leases relay {004 in the control circuit. Relay
1003 releases relay 1009 which releases relay (019,
Thus the control circuit is completely released
after the called subscriber’s line has been ccn-
nected to the link circuit and prior to the send-
ing of the ringing code, the operation of which
will now be described. The ground applied by
relay 1414 for the ringing interrupter supply cir-
cuit closes a circuit for the operation of relay
1800. This relay in turn closes a circuit for
ground for the ST3 lead leading to Fig. 17 and
causes the operation of relay (702, This relay
Relay 1703
closes the A and B leads to the link circuits but
this is without effect at this time, these links
being used only for busy tone transmission as
hereinbefore described. Relay 1703 also causes
the operation of relays 17105 and | 101 from the
start lead ST3. Relay 17101 opens the circuit for
the relay 1702 which in turn releases relay 1703.
Relay 1703 removes the ground from the shunt
around the relay 1706 causing it to operate to
the ground at the start lead ST3 over the con-
tacts of relay 1705. The relay 1701 is released
and again starts the cycle of cperation between
the relays 1702, 1703, 1705, {101 and 1706 as de-
scribed. Relay (703 operates five-tenths of a
second every second. When the ground is re-~
moved from the shunt around the relay (706 it
operates in multiple with the relay 1705. Relay
1705 operates the relay 1707 from battery, wind-
ing of this relay, contacts of relays 1708 and 1705
to ground on ST3. Relay 1706 closes a circuit

" for the operation of relay 1708 from battery,
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winding of this relay, contacts of relays 1719,
17108 and 1706 to ground. Relay 1708 locks at
its inner left-hand armature and front contact
to ground on the start relay ST3. The operation
of relay 1708 opens the original energizing circuit
for relay 1107 which is locked by relay 1106. On
the next operation of the relay 1703, relay (705
is shunted and releases followed by the release
of relay 1706. Relay (705 in releasing operates
relay 1718 over a circuit from battery, winding
of this relay and contacts of relays {7107, and
1705 to ground on lead ST3. Relay (119 locks
under control of relay 1706 to the ground at
lead ST3, while relay 1106 in releasing releases
relay 1707.  On the next operation of the relay
1705, relay 1711 operates from battery, winding
of this relay, contacts of relays {718 and {105 to
ground on lead ST3, and when 1706 operates it
releases relay {710. On the next reloase of relay
1705 relay 1112 operates from battery, winding of
this relay, contacts of relays ITf1 and 1705 to
ground on lead ST8. When relay 1706 releases
it provides a locking ground for the relay 1712
from battery, inner left-hand armature and front
contact of this relay, contacts of relay 1766 to
ground on lead ST3. Relay 1706 in releasing
opens the circuit for relay 1711. Relay 1705 on
the next operation closes a circuit for the oper-
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ation of relay 1743 from battery, winding of this
relay, contacts of relays 1712 and {705 to ground
on lead ST3. As relay (106 then operates relay
1712 is released and s locking circuit is provided
for relay (113 from battery, inner right-hand
armature and front contact of this relay, con-
tacts of relay 17106 to ground on lead ST3. On
the next release of relay 1704, relay 17116 is oper-
ated from battery, winding of this relay, con-
tacts of relays 1713 and 1704 to ground on lead
ST3. As relay 1706 releases, relay 1713 is re-
leased and a locking circuit is provided for relay
1116 from battery, winding of this relay and its
inner right-hand armature and front contact,
contacts of relay 1706 to ground on the ST3 lead.
As relay 1185 is again operated, it causes the
operation of relay 1117 from battery, winding of
this relay, contacts of relays 1716 and 1105, to
ground on the ST3 lead. As relay 1706 operates
it releases relay 1716 and provides a locking cir-
cuit for relay - 1717 from battery, winding of this
relay and its inner left-hand armature and frong
contact, contacts of relay 1796 to ground on the
ST3 lead. Relay 1705 again releases and oper-
ates relay 1718 from battery through the winding
of this relay, contacts of relays 17117 and 17105 to
ground on the ST3 lead. As relay 1706 releases,
it releases relay 1717 and closes a locking circuit
for relay 1748 from battery, winding of this re-
lay and its inner right-hand armature and front
contact, contacts of relay 1706 to ground on the
ST3 lead. Relay (705 again operating causes
the cperation of relay (709 from battery, winding
of ‘this relay, contacts of relays 1TIT and 1704
to ground on lead ST3. As relay 1706 operates,
it releases relay 1718 and provides a locking cir-
cu't for relay 1709 from battery, winding of this

relay and its inner left-hand armature and front

contact, contacts of relay 17106 to ground on the
ST3 lead. When relay 1719 operates, it releases
relay 1708. The relay 1705 is then again re-
leased and when relay 1706 releases, relay 1149
is released. When relay (705 again operates re-
lay 1787 operates and the cycle of operations are
repeated as described. The operation of such
relays 1708 to 1719 and the release of these relays
in conjunction with the ground impulses sup-
plied by relays 1103, {7105 and (10§ apply ground
impulses to the leads | to 12 and lead TU, respec-
tively, as shown leading to Fig. 12 to repeater
relays 1206 to {211. It should be noted during
the operation of these relays 1708 to 719 that re-
lay 1720 is operated when relay 1713 is operated
and relay 1703 is released, and also operates when
relay 17119 is operated an relays 1708 and 1718
are released and relay (703 js operated. Relay
1129 in operating grounds the RD lead, opens the
RS lead, removes battery and ground respectively
from the RGB and RGG leads and applies a
continuous ringing current on the RG lead from
a source connected at {121, The purpose of the
operation of relay 1720 in this manner will be-
ccme apparent in the following description.

In the present system as many as twenty par-
ties may be connected to the same line and
twenty ringing codes are therefore provided.
The following chart shows the combination of
impulses comprising the twenty ringing codes.

The chart shows the code signals themselves,
how the ringing battery is applied, how the vari-
ous-pulse leads | to 12 are employed in produc-
ing the codes, which of the register relays 1206
to 1211 are operated for the various codes and
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which of the register relays of the first digit are
operated for the various codes.

9

" {215 will be operated for a long peried fo give
a long impulse frr—m source l”l over the ring

Ringing battery
On tip {Onring Ringing 1st digit
Pulse digit fste
Code - leads | register "ffl:ys"
Relay 1307 | Used | T96YR. | operated
Oper- |Notop-
ated | erated
1 e —— 1n 1207
2 cmmm—— - 2-11 1208
3 cm— . - ' 311 1200
4 soo——— - 4-11 1210 || Any digit
5 coam—— o — 511 1211 relays exe
6 11-12 | 1206-1211 cept 1406
7 — —————— 7-12 | 1206-1207 and 1408
8 - e———— 8-12 | 1208-1208
9 - - —————— 9-12 | 1206-1209
10 e me wn o e——— 10-12 | 1206-1210
11 o - - 1 1207 1
12 e’ = - - 2 1208
13 e = — - — 3 1200
14 e - - - = - 4 1210 || Relays for
15 ae som o - - b 1211 digit 8
16 o o - - 6 | 1206-1211 1406 and
17 - w— - 7 | 1206-1207 1408
18 - — - - 8 | 1206-1208
19 —— - - - — 9| 1206-1209
20 - - - - -—— 10 | 1206-1210

From this chart it is evident that relay 1307
is operated when s code in either of the groups
of codes 6 to 10 or 16 to 20 is sent. The code re-
lay 1206 will then also be operated from an even
impulse lead. Hence relay 1307 is operated over
a circuit from battery, winding of relay 1301, con-
tacts of relay 1303 to the even lead. This also
closes a circuit for the ringing source at 1308 for
the tip conductor and a ground return for the
ring conductor as controlled by relay 1215 which
is operated in accordance with the code. When
codes 1 to 5 and 11 to 15 are sent, the relay 1301
is not operated and consequently ringing current
is supplied to the ring lead and ground réturn
to the tip lead. The relay 1215 1s operated to
send the code over the tip and ring conductors
and is operated in accordance with the code.
The system is so arranged that when any other
digit but 8 is dialed as the first digit, codes 1 to
10 are sent and when the first digit is 8, codes
11 to 20 are sent. The codes are determined by
the operation of this relay 1245 in accordance
with the settings of the register relays 1206 to
{211 as shown in the chart. 'To illustrate this
signaling the operations that take place when a
few of the codes are sent will be described.

For example, if code 1, which consists of a long
impulse, is fo be sent, any one of the first digits,
except 8, may be dialed and this will cause either
of the register relays 1406 or 1408 to remain in
released condition and the register relay 1207 will
be operated. Relay 307 will not be operated at
this time. It should be noted that when the cir-
cuits are ready to send this code as well as any
other codes, relay 1413 will be operated as soon
as relay 1707 operates which takes place at the
beginning of each cycle of operations of the re-
lays 1701 to 1718, This circuit may be traced
from battery, winding of relay 1413, contacts of
relays 1418, 1414, 1201, 1788, 1107 to ground.

- This relay connects the code leads to relay 1215.

70

6

The impulses now coming in over lead 1 have
no effect on relay 1215 as it should be noted that
there is a long impulse on lead 1§ as follows:
From ground at relay 1703, contacts, of relays
1710, 1716 and 1742 operated, lead 11, contacts
of relays 1206, 1406 or 1408, 1413 and 1414, lower
winding of relay 1218 to battery. Hence, relay

conductor to the subscriber on the line respond-
ing to this code. A twenly party line has not
been shown but it should be understood that any
standard line of this kind may be employed with
the ringers for the different parties applied on
the tip side for ten parties and on the ring side
for the other ten parties or twenty partles
bridged.

It code 6 is dialed comprising two long im-
pulses, relays {2t and 1206 are operated. Relay
1301 is operated at this time. Hence a first long
impulse will be transmitted over lead fi until
relay 1712 is released, in this case, over a circuit
as follows: Ground at contacts of relay 1783,
contacts of relays 1218, 1211, 1242 in successlon,
lead 11, contacts of relays 1486 or 1408, 124,
1307, 1413, upper winding of relay 125 to bat-
tery. Then a second long impulse will be sent
over lead 12 when relays 1746, 1711 and 1118 are
operated, from ground over contacts of relays
1703, §716, 1717, 1118, 12086, 1406 or 1408, 1413,
1414, lower winding of relay 1215 to battery.

If code 11 is dialed comprising two short im-
pulses close together followed by & long interval
and then a short impulse, relay 1307 will not be
operated. The first digit will be 8 causing the
operation of relays (406 and 1408 and relays 1241
and 1207 will be operated. Impulses from the
lead | will be used. The circuit in this case may
be traced from ground, contacts of relays 1703,
1710, 1713, lead 1, relays 1207, 14(3,. 1206, upper
winding of relay 1215 to battery. .

If code 16 is dialed comprising four short im-
pulses close together, a long interval and a short
impulse, relay {307 is operated. The first digit
will be 8 causing the operation of relays 1408
and 1408. Relays 1211 and 1206 will be operated.
The circuit in this case will be traced from
ground contacts of relays 1703, 1710, 1712, {717,
lead §, relays 1406, 1408, 1211, 1307, 1413, upper
winding of relay 1215 to battery. When relay
{215 operates, as described, the tip and ring con-
ductors of the called line are transferred from the
transmission battery through the windings of re-
lay 1304, to release the ringing code as describea
and causes the operation of relay 1216. When
relay 1215 releases relay #1216 releases slowly and
momentarily holds the called subscriber’s line
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connected to & ground on the tp anad battery on
the ring conductor before the line is transferred
back to the transmission circuit. This is for the
burpose of draining the -ringing charge which
may have been left on the line by the ringing
current before the line is again transferred back
to the transmission cireuit in order that relay
1304 may not be falsely operated due to the dis-
charge of this generator charge. Ringing tone is
also returned to the calling subscriber through
the condensers 1217 and 1218, When the called
subseriber removes the receiver relays 1215 and
1216 are released, relay 1304 operates over the
loop circuit, removing the locking ground from
the relays in this circuit and the ringing ceases.
Battery is applied for transmission purposes to
the called subscriber from relay 1304 while talk-
ing battery for the calling subscriber is trans-
mitted through the windings of relay {504. Con-
versation between the subscribers may now take
blace and when the subscribers hang up the link
is released.

A description will now be made of a revertive
call, that is, when a subscriber on a party line
desires a connection with g station on its own
line. In this case he dials the regular direc-
tory number and the link circuit will find the

line busy. In this ease as in any ordinary busy

call, the ground will be present on the BT and
HM leads. The ground on the BT lead will
brevent relay 1500 from releasing and cause the
operation of the busy tone relay 1412 over a cir-
cuit as hereinbefore deseribed in connection with
3 call to a busy line. Relay 1412 in operating
locks and closes a shunt circuit for relay 1500
from the locking ground at its second lower ar-
mature and front contact. Relay 1500 is slow
in releasing. Simultaneously with the opera-
tion of the busy tone relay 1812, the ground over
the HM lead causes the operation of relay 15214
over a circuit as hereinbefore traced. Relay 1521
locks in operated position through contacts of
relay 15800. It will now be noted that relay 1521
opens the short circuit for the relay 1310 at its
outer left-hand armature and back contact. Or-
dinarily, on a call to a busy line this relay (310
would now operate but in this case the ground
connected at the inner left-hand armature and
front contact of relay 1521 from the locking cir-
cuit, for this relay, will be extended before relay
1500 is released back over the HM lead and
through the sleeve lead of the calling line, which
in this case is the same as the called line, and
over the sleeve connection through the inner left-
hand armature and front contact of relay 1300
to shunt the winding of relay 1310. Consequent-
ly, although relay 1521 is operated relay 15180 is
prevented from operating and therefore when re-
lay 1500 is released a cireuit will be completed
for the operation of relay 1312 from battery
through the winding of this relay, contacts of
relay 1302, make-before-break contact of relay
1312, armature and back contact of relay 1310,
outer right-hand armature and front contact of
relay 1521 to ground at the second left-hand
armature and back contact of relay 1500. Relay
1312 closes a locking circuit for itself through its
third outer right-hand armature and front con-
tact, ground at the make-before-break contact
of relay 140i. When relay 1500 releases relay
1001 is also operated over 3 circuit as hereinbe-

fore described from a ground at contacts of re- .

lay {412 thus causing the release of the ‘con-
trol circuit. Relay 1412 now prepares a circuit
for transferring the calling line to the called

3,104,445

line end of the link at the first and second innep
right-hand armatures and front contacts of this
relay as will be described hereinafter. The ring-
ing shunt for draining the ringing charge from
the line is also transferred to armatures and back
contacts of relay 1720 in the tone circuit, Fig. 18.
The subscriber now hears the usual busy tone
and hangs up causing relays 1508 and 1564 to re-
lease, these relays causing the release of relay
i30f. Relay 1381 closes a cireuit for the opera-
tion of relay 1200 from battery through the wind-
ing of this relay, contacts of relay 1312 and left-
hand armature and back contact of relay (3014
to ground. Relay {200 locks to ground at relay
1300 which is held up due to relay 1382 being
held under control of relay 1304. Relay §302
has its new holding circuit closed by relay 342
and may be traced from battery through the
winding of this relay, second right-hand arma-

ture and front contact of relay 1312, contacts of o

relay 1304, contacts of relay 1302 to ground. The
original operating circuit for this relay was opened
on the release of relay 1500. Relay 1200 now
transfers the calling subscriber from the trans-
mission path through relay 1504 through oper-
ated contacts of relay 1312 to the transmission
path through relay 1304. This transfer circuit
may be traced from the upper and lower arma-
tures and front contacts of relay 1200, inner left-
and right-hand armatures and front contacts of
relay 1312, tip and ring conductors through
contacts of relay 1215 and relay {216 through
the windings of relay 1304 to battery and ground.
Relay 1200 also closes a circuit for the operation
of relay 1414 from battery through the winding
of this relay, contacts of relays 1200, and 1304
to ground at relay (302 and the circuit will now
therefore function in the same manner as for
any other call except that in this case when
the regular ringing code is sent out on one side
of the line there is an additional ringing code
consisting of two short rings per code cycle is
sent. out on the other side of the line, This
ringing tone is supplied from source 1721 through
contacts of relay 1720 when this relay is operated
as hereinbefore described, with the relays 1110,
ITH and 1712, {116, 1117 and 1718, as these re-
lays provide ringing tone for the circuit. Thus,
when relay 1312 is operated and depending on
whether 1307 is operated and released, the two
short code signals will be transmitted either over
the tip or the ring conductor to the called line,
to operated contacts of relay 1216 and normal
contacts of relay 12i5. When now either the
called subscriber .or the calling subscriber re-

‘moves his receiver, relay 1304 will operate and

this relay in operating restores these cireuits to
normal. Ground being removed from the sleeve
lead will release the holding magnet in the switch
C and the line relay of the line operates and
functions to provide transmission battery to the
line and to prevent the line from seizing this
or any other link as the relay 502 is held op-
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erated by the line relay 500 until the connection -

is released.

On grounded return lines, such as the one
shown at A, the ringing code has to be applied
in the following manner: When relay 1215 op-
erates in a link to transmit a signal it should be
noted that it grounds a lead GLI at its lower in-
ner armature and front contact. This ground
connection is established through the switch C
over the lead GLI to the line A to cause the op-
eration of relay 103. This relay follows the code
signals to apply current from a ringing source
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to the single conductor of the line. This relay
also opens the connection at its left-hand back
contact from the single conductor that extends
through the left-hand windings of the repeating
coil 101 and opens an alternating current con-
nection at its richt-hand contact through the
right-hand windings of the repeating coil fet
over the tip and ring conductors established
through the circuits to the ringing source at
§308. This causes no unnecessary drain on this
latter source of ringing current in connections
of this kind. On a revertive call this GL{ lead

js connected through contacts of relay 1312 to

the switch C at the connection made through
contacts 504 as this is the only connection made
to the line whereas in calls to subscribers in
other lines & connection is extended directly
through the contacts 5t§ at the ealled end of the
link connection at the switeh C.

If a call is made from a coin box subscriber’s
line a special lead CN is grounded and is con-
nected thvough a fourth contact at the eross-
point of switch C where this line appears. Such
a line has not been shown in the switch but the

< lead CN is shown for the lnk iltustrated.

Ground on this conductor CN operates relay
1220 from battery through the winding of this
relay 1304, contacts of relay 1281, and the con-
nection through the switch to the ground on the
coin line. Relay {218 reverses battery on the
coin line when it is required that a charge shall
be made for the call.

The operations of the circuit will now be de-
scribed in connection with the selection of &
trunk from a calling subseriber’s line. Only one
trunk has been shown in Fig. 7 with associated
connections throughout the first link and con~
trol circuit, etc. The trunks may be divided in
groups with the limit of five trunks in each
group. One of these groups may be called
master office trunks and two other groups may
be defined as non-master office trunks. A
master office trunk group may be selected by
dialing the digit 0. Of the two non-master of-
fice trunk groups one is provided with five trunks
and may be dialed with the numerals 9 and 1
and the other non-master office trunk group may
comprise four trunks and may be dialed by the
numerals 9 and 2. If it is assumed that a call-
ing subscriber has seized the link shown in the
drawings and then dials the code 0 he will re-
ceive a connection to a trunk in the master office
group. The trunk shown in Fig. 7 is cne of
these latter trunks shown connected. through
the switch C. In this case the storing relays
1406 and 1409 for the first digit will be operated
over a circuit closed by the operation of the
register relay #1210 as follows: From battery,
winding of relay 1409 and its make-before-break
contacts, contacts of relays 1218 and 518 to
ground at contacts of relay 1306, Relay 1409
closes a locking circuit for itself to ground at
contacts of relay 1386. Relay {4086 operates from
battery, winding of this relay and its make-
before-break contacts, contacts of relay §206
when it operates during dialing to ground at re-
lay 1306 and relay 1406 locks to the same ground
at relay (306, It is assumed, of course, that re-
lay {104 has operated in the control eircuit due
to the operation of the corresponding relays 902
and 906 for the first link and consequently the
link circuit has been connected to the control
circuit through to the trunk relay Ei8i that
connects the trunks of the first group in the
switch C, therefore when relays 1406 and (488
operate a circuit is completed for this relay from

11

battery, winding of this relay 1101, contacts of
relay 1104, lead 10, contacts of relays 1409 and
1486 to ground. Relay 1303 is operated due to
the operation of relays {406 and {409 from bat-
tery, winding of this relay and its make-before-
break contacts, contacts of relays 1409, 1406 and
1304 to ground at the contacts of relay 1302.
This relay locks over a circuit directly through
contacts of relay 302 and its own contacts. A
circuit is then closed for the operation of relay
{518 from battery through the winding: of relay
1520, contacts of relays 1500 and {511, winding
of relay 1510, contacts of relays 1509, 1508, 1501,
1506, 1303, 1510, 1509, 1508, 1507, 1506, 1443 to
ground at 1302. The leads for this group of

trunks are connected up through the control

circuit through contacts of relay [110f. The
leads THM and TBT for the trunks are con-
nected together at the contacts of this relay ex-
cept the THM and TBT leads for the last trunk.
If now the first trunk is busy.there will be a
ground on the THM lead for this trunk over lead
1186 from contacts of relay 101. Relay 1509 will
then operate from battery, winding of relay 1520,
contacts of relays 1500, 1511, winding of relay

-1508, contacts of relays 1510, 1104, 1007, THM

lead, contacts of relay 11, lead 11688 to ground
at relay 710i. If the second trunk iIs busy a
ground will also be present on the THM lead
for this trunk and relay (508 will be operated in
the same manner. The succeeding relays will
then be operated until an idle trunk is found.
If, however, all the trunks in the group are busy,
the relays 1518, 1509, 1508, 1507 and 1506 will
be operated in succession and there will then
be found a ground on the TBT lead for this
trunk but not on the THM lead and the relay
(412 will be operated to give a busy tone to the
calling subscriber in the usual manner. Relay
{42 operates in a circuit from battery through
the winding of this relay, contacts of relays
1580, 1503 1520, 1511, 1506, fio4, 1007, said TBT
lead, contacts of relay {i01 to the ground on
the lead {117 of the last trunk corresponding
to lead 106 of the first trunk as shown. If, how-
ever, the first trunk is idle there will be no ground
on lead 1186, consequently relay 1520 will release
and the circuit for relay 1500 will be opened
causing it to release. The circuit for the hold-
ing magnet 513 of this first trunk will, therefore,
be closed ‘from battery through the winding of
this magnet 513, the THM lead, contacts of re-
lays {16, fted, 1007, 1104, contacts of relays
{519, 1508, 1508, 1507, 1506, 1511, 1520, 1503,
508 to ground at 1412, as the select magnet 506 is
operated on the operation of relay 1104 the con-
nection is now therefore established through con-
tacts 5i& of switch C from the link to the trunk
in Figs. 6 and 7. - The description of the connec-
tion of the trunk shown in Figs. 6 and 7 will be
continued after a description is made relating to
the choice of non-master office trunk groups.

If a non-master office is desired either of the
two codes 91 or 92 may be dialed to select the
trunks of the corresponding office. When code
of is dialed storing relays 1406, 1407, 1408 and
register relay 1518 will be operated as usual.
Relay 1303 is then operated over a circuit from
battery, winding of relay 1303 and its contacts,
contacts of relays (518, 1407, 1408, 1406, 1304
to ground at 1302. If code 92 is dialed relay 1410
will also be operated over & circuit from battery
through the winding of this relay and its make-
before-break contacts, contacts of relays 1517 and
158 to the even lead over contacts of relays
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517, 1514 controlled by the puising relays 1888
and {504, when the second digit 2 s diajed. If
the code 91 is dialed, ground will be prlaced on
lead 91 through contacts of relay 1164 to operate
the proper trunk group relay correspending to
relay (18! for the master office trunks. This
ground may be traced through contacts of relays
1410, 1406, 1408, 1407, 1410, lead 81, contacts of
relay 1104 to said trunk group relay, not shown.
If the first trunk of this group is busy, the ground
on its HM lead corresponding to lead $108 will
cause relay 1508 to operate and the register relays
will function as when the zero digit was dialed.
If, on the other hand, the code 92 is dialed the
relays will function to select an idle trunk as
previously described but, in addition, as relay
1410 is operated ground will be placed on lead
92 for the operation of the corresponding trunk
group relay, not shown, but corresponding to
relay {104, instead of the lead 81 when the code
91 was dialed, the circuit being established over
the upper outer armature and front contact of
relay i410. When these codes 91 and 92 are
thus used for two non-master office groups, the
91 code will be limited to five trunks and the 92
code will be limited to four trunks. In this
arrangement of trunking groups it is evident that
the second digit must be less than five and if the
second digit is 1 the group may have five trunks
as the second digit counting relays 1510, 1509,
{508, 1507 and 586 are used for hunting by being
operated in succession, as described.

Returning now to the point where the con-
nection was established from the link circuit to
the first master office trunk in Figs. 6 and 7 by the
operation of the holding magnet 513 the first
effect will be that a connection is established over
the contacts 564 in switch C for the operation of
relay 1284 from battery through the winding of
this relay and its make-before-break contacts,
contacts of relay 1381, the TK lead, contacts 514,
contact of relay 781 to ground. Relay 1281 locks
at its upper armature and front contact to ground

on the calling subscriber’s sleeve lead S supplied .

at contacts of relay 1481 as usual. Relay 1201
connects the tip and ring conductors of the con-
nection from the trunk through the contacts 514
of the switch C to the calling subscriber’s loop.
This causes the operation of relay 688 from bat-
tery and ground through its windings and con-
tacts of relays 68f and 602, the tip and ring con-
ductors, right-hand windings of repeating coils
603, contacts 514 and switch C, contacts of relay
1201 over the calling subscriber’s loop. Relay
600 closes an obvious circuit for the operation of
relay 605. This relay reverses the battery and
ground connection of the tip and ring conductors
of the trunk to the distant office ‘and thus calls
the attention of the operator at the master office
to a call on this trunk. Relay 605 also closes a
circuit for the operation of relay 706 over an
obvious circuit and closes a ringing tone con-
nection to the calling subscriber at its upper
outer armature and front contact to indicate to
the calling subscriber that the connection has
been extended out over the trunk. Ringing tone
comes through the tone coil 1704 through contacts
of relay 780. Relay 18§ closes an obvious circuit
for the operation of relay 701 and grounds the
sleeve lead Sl to the calling subscriber’s circuit
at its right-hand armature and front contact.
This ground connection extends from ground at
the left-hand make-before-break contacts of re-
lay 708, right-hand armatures end front contacts
of relays 783 and 608, contact 514 of switch C,
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inner lower armature of front contact of relay
1291 to the sleeve of the calling subscriber to hoig
the holding magnet of the calling line in switch
C. As the norma! holding ground from relay
§801 will presently be removed, this ground on
lead St also causes the operation of relay 1418,
Relay 708! closes s connection to the TP lead for
the operation of relay 108 when the timing out
equipment operates as will be hereinafter de-
scribed. ‘This circuit may be traced from battery,
left-hand winding of this relay, contacts of relays
700, 104, 708, lead TP io ground at relay 1803 in
the timing circuit when it operates. This relay
701 also grounds the BT, AG and ST leads, and
also closes at its third outer left-hand armsature
and front contact a multiple connection for the
8 lead established by relay 706. It also closes a
circuit for the operation of relay 708 from bat-
tery, winding of this relay, contacts of relays 700
and 701, over the TK lead should the leads be
grounded under conditions as will hereinafter be
described. Ordinarily relay 709 does not op-
erate. The ground on the BT lead makes the
trunk busy at contacts of relay 1101 as described.
The ground on the AG lead is to start testing
devices by operating relay 1608 and ground on
the ST lead is to start ringing tone.

When the operator answers, relay 141 is oper-
ated from battery and ground through its two
windings, contacts of relay 685, left-hand wind-
ings of repeating coil §83, contacts of relay §i {,
over the tip and ring conductors to the operator
at the central office. Relay TH closes a circuit
for the operation of relay 712 and this relay
closes a circuit for the operation of relay 700.
Relay 188 opens a circuit to the condenser 613 to
remove the ringing tone to the calling subscriber
and completes a circuit to contacts of relay 7160
for coin line indications as will hereinafter be
described. This relay 108 also closes s partial
circuit for the lead ATB and opens the circuit
Jor the AG lead, grounds the BT lead, opens the

“circuit for the left-hand winding of relay 108

and causes the release of relay 109, if it is oper-
ated over the TK lead indicating coin subscriber.,
Relay 789 in turn releases relay 118 and removes
the coin tone. Relay 700 finally closes the hold-
ing circuit for the relay 70§ through contacts
of relay 781. The circuits are now in position for
conversation.

The calling subscriber may give a flashing ‘

supervision to the distant operator over the trunk,
When the subscriber flashes his switchhook, relay
600 follows the operation and in turn operates

relay 805 to reverse the battery and ground to -

the distant office, the trunk connection being held
at this time by the operator since the relay 708
is held at the contacts of relay 10f under control
of relay 788.

The operator may check the calling line for
coin tone indication by removing and reinserting
the plug at the master office. Removal of the
plug causes the release of the relay T1{, which in
turn releases the relay 1 12, and that in turn relay
7180. The release of relay 780 operates relay 709
if there is a ground on lead TK to indicate coin
subscriber, and this in turn operates the relay
110, which applies the coin tone. 'The tone is
started over the TS lead. When the operator re-
inserts her plug, relay 711 reoperates and in turn
operates relays 712 and 700. Relay 100 releases
relay 709 and this in turn releases relay T 10, which
removes the coin tone indication, The circuit for
this coin tone indication may be traced from
ground to a condenser at the right-hand arma-
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ture and front contact of relay 710, a contact of
relay 100 to the ring conductor of the trunk over
contacts of relay 611 and back over the tip con-
ductor, contact of relays 6¢1, 700 and 110, a con-
denser, tone lead DT through the left-hand wind-
ing of the tone repeating coil 1704,

If the calling subscriber disconnects, by re-

placing his receiver, before the operator discon--

nects, the relay 608 releases, which in.turn re-
leases relay 605 and this in turn reverses the bat-
tery and ground to the operator. If on the other
hand the operator disconnects before the calling
subscriber, relay 111 releases and in turn releases
relay 112. Relay 112 releases relay. 700 and
grounds the AG lead and closes a circuit for the
left-hand winding of relay 708 to the TP lead
and grounds the start lead ST. If the subscriber
fails to replace the receiver on the switchhook
within a minimum of two minutes or maximum of
five minutes, the ground pulse is received over the
TP lead, which will in turn operate the relay 108,
and relay 708 will lock to ground over a circuit
that may be traced from battery over the left-
hand winding of this relay, contact of relay 100
and 104, to ground at its inner right-hand arma-
ture and front contact. Relay 7108 closes a con-
nection to the TC lead and after two minutes in-
terval ground is removed from this lead, which in
turn removes ground from the S lead and the
connection is automatically released. :

If a call is made by an operator at a distant
office over the trunk shown in Figs. 6 and 7 to call
a subseriber in the office shown, the following op-
erations take place. When this trunk is seized
by the operator at the distant office, relay 11
operates, which in turn operates relays 712 and
700. Relay Ti2 closes a partial circuit for relay
602 and a partial circuit for relay 716. Relay 700
opens the circuit to the condenser 613 and closes
a partial circuit for the ATB lead (all trunks busy
chain). It also opens a circuit to the AG lead
and grounds the BT, TLT and GRP leads and
opens the circuit through the left-hand winding
of relay 108 to prevent operation of this relay at
this time. It also closes a partial circuit for the
relay 106 and opens the circuit for relay 709 to
prevent it from operating. Relay 602 is operated
in the circuit from battery, its lower winding,
make-before-break contact 716, contacts of relay
701 to ground at contacts of relay T12. This
relay removes the relay 600 from the subscriber’s
line and provides a loop to the subscriber’s line
circuit through the right-hand winding of the
repeating coil 703, from tip conductor, upper
right-hand winding of repeating coil 703, contacts
of relay 602, upper winding of this relay, contacts
of relay Tt lower right-hand winding of repeat-
ing coil 103, the ring conductor of the connection
to be establishaed to the called subscriber’s line as
hereinafter -described. Relay 602 also opens a
circuit for the condenser 616 and relay 600.

The. connections established by relay 100 cause
an idle link to be connected to the calling trunk
through the contact 517 of switch' C. The opera-
tion of seizing the link is the same as when a
calling subscriber seizes the link except that in
this case the trunk group relays 907 and 908
provided for this group of trunks are operated.
Relay 908 is operated over the GRP lead and
relay 907 from ground at relay 1001. The trunk
relay 104 of this group of frunks is operated by
relay 908. The line test relays 1005, 1012 and
1013, shown in Fig. 10, are connected through
contacts of relay 1101 to ground over the TLT
In Fig. 11 there is shown the TLT lead

13

from the trunk shown in Figs. 6 and 7 connected
to relay 1012 over contacts of relay |10t and this
relay 1012 then operates to complete the con-
nection as described in connection with a call
from & subscriber’s line. The select magnet 503
is operated as usual on the operation of relay
‘1800 and when relay 1503 operates the holding
magnet 513 is operated from battery through
the winding of this magnet, the THM lead, con-

" tacts of relays 1116, 1101, 1007, 1012 and 1005,

the LT lead, contacts of relay 1503 to ground
at relay 1400 so that now the trunk is connected
through contact 511 of switch C to the link. Then,
as dial tone is received in the usual manner over
the DT lead indicating that dialing may proceed,
the operator proceeds to dial the number of the
wanted subscriber’s line. On the first break of
the dial the pulsing relay T{1 releases and relay
1171 operates from battery through the winding
of this relay, contacts of relays Tii and 701 to
ground at T12. Relay T171 closes a circuit for the
operation of relay 116 from battery, winding of
this relay and its make-before-break contacts,
contacts of relays 711 and 101, to ground at con-
tacts of relay T12. Relay 116 locks over its left-
hand armature and front contact to this ground
at T{1. Relay 11T now shunts out the right-hand
windings of the repeating coil 7102 and the bridged
winding of relay 102 for the duration of each
digit. Relay T16 locks. under control of relays
712 and 701 and shifts the control of the lower
winding of relay 602 to relay Ti1. Relay Til
transmits through its inner left-hand armature
and front contact impulses over the tip and ring
conductors through the link circuit to control the
pulsing relays 1504 and 1501 to select the desired
subscriber’s line in the usual manner as herein-
before described in connection with a call from
any subscriber in the exchange. When dialing
is completed the upper winding of relay 602 is
again inserted between the right-hand windings

' of repeating coil 613 to maintain the loop to the

called subscriber line, and the relay TIT releases.
This leaves the upper winding of relay 602 in-
serted across the line loop through the link but
relay 1304 does not operate. When the subscriber
answers, it will be noted that relay 1304 operates
and the link relays are released including relay
1414. Relay 1418 in releasing closes circuit for
relay 120f from baitery, winding of this relay and
its make-before-break contacts, contacts of re-
lays 1444 and 1413 to the TK lead to ground at
contacts of relay 701. Relay 1201 locks to the
slceve. Relay 1201 connects the called subscriber
line directly to the trunk and relay 8§02 releases.
Relay 600 is then operated from battery and
ground through the windings of this relay,
through the subscriber’s loop as described. Relay
600 operates relay 605, which now reverses bat-
tery and ground to the operator, and relay 605
causes the operation also of relay 706. Relay 106
operates relay 701 and maintains ground on the
sleeve lead. Relay 101 closes a partial circuit for
the left-hand winding of relay 708 and maintains
the all-trunk chain and places a holding ground
on relay 106 under control of relay 700, and pre-
pares a circuit for grounding the AG lead and
holds a ground on the BT lead to keep the trunk
busy and releases relay 116. When the subscriber
replaces his receiver on the switchhook, relays 600
and 605 release and reverse battery and ground
to the distant office. Relay 106 remains operated
under control of relay 100 to maintain ground on
the sleeve lead. When the operator connects,
relays 111, 712, 700, 706 and 101 release in the
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order described and the trunk restores to normal.
The link is then fully reversed as described.

If a tandem connection is to be established
through this system, the calling trunk will es-
tablish a connection through the cross-bar switch
C over a link to the called trunk. _When this
connection is completed, the connection is trans-
ferred to the tandem switch and the connection
to the link is released. The connection to the
called trunk is established as already described.
In this case as soon as the called trunk has been
found in the cross-bar switch C, relay 1116 com-
mon to the group in which the called trunk is lo~
cated operates as the associated relay (101 is
operated as described over a cireuit from battery
through the winding of this relay, contacts of
relay (181 of the called trunk group, contacts
of relay 1104, contacts 517 of the calling trunk
connection through the switch C over the TK lead
to ground at the outer right-hand armature and
back contact of relay 781 on the calling trunk.
The operation of relay 1116 now operates the
select magnet in the tandem switch TC for the
level in which the called trunk is located as de-
termined, of course, by the operation of this
particular group relay (116 of the group in which
this trunk is represented by horizontal contacts
in the switch TC. The circuit for this select
magnet, which may be select magnet 520, is traced
from battery through the winding of the select
magnet 520, the TSM lead, upper inner armature
and front contact of relay ({18, contacts of relay
1101, contacts of relay 1007 over the correspond-
ing HM lead that corresponds to the certain
register relay operated, depending on which trunk
was selected. For example, if the first trunk in
the group shown were selected, register relay
(510 is operated and a ground will be supplied
Tor this lead HM through contacts of relay 1104
and over lead (, contacts of relays 1510, 1509,
1508, 1507, 1506, I511, 1520, 1503 and 1300 to

ground at 1412, The operation of select magnet

520 closes a common circuit for the operation of
relay 1015, which in operating cldses an obvious

. circuit for the operation of relay 1016 and this

relay in turn closes a connection to ground for
the operation of the holding magnet 521 of the
calling trunk in the tandem switch TL from
battery through the winding of this magnet 521,
contacts 517 of switch C, contacts of relay 1104
to ground at relay 1015. A connection will now,
therefore, be established at contacts 522 from the
conductors of the calling trunk to the conductors
of the called trunk terminating at point 522. The
switch C in the link will now be released. The
operation of the magnet 521 closes a circuit for
the operation of relay 61! in the calling trunk
circuit from the battery winding of this relay,
contacts of magnet 521 to ground. This relay
opens a circult for the repeating coil 708 and the
tip and ring conductors to the switch C. This
naturally releases the connection in the same
manner as when an operator hangs up or, in the
case of a call from a subscriber, the calling sub-
scriber hangs up his receiver. Relay 611 connects
& busy ground to the BT lead at its inner lower
armature and front contact to prevent seizure of
this trunk. It also connects at its inner upper
armature and front contact g battery through a
resistance through the TD lead. If the trunk
shown in Figs. 6 and 7 may be considered for
the moment as the called trunk, relay 608 is op-
erated over the TD lead from battery through
resistance and ground over contacts of relay 611

_of the calling trunk to the TD lead, contacts §22

to the TD lead of the called trunk, contacts of

2,104,440

relay 814, of this called trunk and winding of
relay §08 to ground. This removes ground from
the TLT, GRP, and S leads and closes a connec-
tion to battery over a resistance 617 at its inner
left-hand armature and front contact in shunt
of the winding of relay 605 to prevent this relay
from operation as relay 800 is now operated as
usual. Relay $00 in operating extends the con-
nection through the called trunk to call the op-’
erator at the distant office in the usual manner
and when the operator answers the connections
are established as hereinbefore described.

In the following description the operations of
the circuits will be explained rélating to the re-
lease of a link in case the called subscriber does
not answer within a certain period, various tests
for false ground connections and other troubles
that may occur in the system and how alarms as
indications of these conditions are detected. For
example, it should be noted that when ground
was applied to the AG lead as hereinbefore de-
scribed to release a Hnk, the testing equipment of
Figs. 16 and 17 operates as follows: Relay 1608
operates from battery, contacts of relay 1603 to
ground over lead AG. This relay operates relay
1609 and this relay in turn operates relay 1604,
which operates relay 1683 and removes the ground
from lead TC. The removal of ground from the
TC lead has no effect at the present time on the
lnk circuit, but the operation of relay 1603 re-
leases relay (606, which in turn releases thé relays
1609 and 1604. The release of relay 1604 openhs
the circuit for relay 1683 and connects ground
to the TC lead and also to the TP lead befote
relay 1603 releases. The ground on the TP lead
operates relay (40t from battery, upper winding
of this relay, contact of jack 1222, contacts of
relays 1302, (304, (401, lead TP to ground over
contacts of relays 1603 and 1684, Relay 1481 locks
under control of relay 1384 to ground at its own
contact. Relay 140! transfers the sleeve circuit
from ground at contacts of this relay to ground
on the TC lead. Now when the release of relay
1603 takes place, it disconnects the ground on
the TC lead and again closes a circuit for relay
1606 and the above-mentioned cycle of opera-
tion is then repeated. This takes approximately
two minutes and when after this period relay
1604 operates, it disconnects the ground from lead
TC, causing the link to release by permanently
removing the ground connection for the sleeve
leads.

If an accidental ground develops on the TP
lead, the connection would release at the desired
time interval when ground is removed from the
TC lead in the usual manner as the AG lead is
grounded. In order to prevent this, relay 1641
operates from this ground on the TP lead and
grounds the TC lead. The ground of the TC
lead will then prevent releasing the connection,
If the TC lead is accidentally grounded, the con-
nection cannot be released by the timing- relays.
In either case when the AG lead is grounded by

the supervisory link, the timing relays operate

as described and when the relay 1604 operates,
the relay 1610 operates from the ground on the
TC lead and locks to the same ground. The relay
1610 operates the relay 1607 which functions to
prepare an alarm circuit and connects a ground
to the AG lead. This causes the timing relays
to continuously go through their cycle of opera-
tlons. If the trouble ground is a momentary
condition, the relay 1611 will release as s00n as
trouble ground is disconnected from the TP lead,
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relay 1604 operates on the next cycle of the
timing relay. '

If trouble ground appears on the PU lead from
the link circuit while the ringing interrupter cir-
cuit is normal, the relay 1601 operates on its

1eft-hand winding from ground over this lead.

Relay 1601 locks over this winding to the lead
PUL and closes a circuit for the operation of relay
1607 to give an alarm.- :

If trouble ground appears on the interrupter
start lead ST3, the relay 1601 will operate over
its right-hand winding and lock to this ground.
Relay 1607 will then operate as before.

The lead MPA is connected to the master puls-
ing lead over which the ground pulses for the
ringing codes are connected in the link circuit.
If a trouble ground should develop on this lead,
the relay 1620 will operate over its right-hand
winding and this relay will lock to ground over
the lead MPL. The operation of relay 1620 closes
a- circuit for relay 1607. If a trouble ground
should develop on lead RS while the interrupter
relays are normal, this ground will be connected
to the left-hand winding of relay 1620 and cause
this relay to operate and lock on the same wind-
ing to lead RSL. Relay 1620 will operate relay
1607 as usual. ‘

If either of the so-called master leads (i or
i2 is grounded while the ringing interrupter cir-

cuit is normal, the relay 1621 will operate over.

lead MLI or ML2, as the case may be. The op-
eration of relay 1621 closes circuits for locking
to the trouble ground on leads if and 12 and
operates the relay 1607 as usual. -

The line 530 which is shown terminating in
switch C may be used as a test line.’ Various
tone signals are sent back to the calling testing
operator to indicate whether or not any trouble
condition exists in this office. If ringing tone is
heard, it indicates that no alarm condition exists,
while dial tone indicates a minor alarm; a major
alarm is indicated by busy tone or the absence of
any tone. This line may be seized in the same

manner as the seizing of any other line by the

testing operator. It will be noted that the op-
eration of the holding magnet 531 closes a circuit
over lead L for relay 1613. This relay closes &
circuit for relay 1614 and short-eircuits the tip
and ring conductors of test line 530. Relay (614
locks to the ground on lead L and releases relay
1613 and removes a short circuit for the tip and
ring conductors of the test line 530. When now
the timing means in the allotter circuit operates
as hereinbefore described, a ground is received
over lead 1 from the GD leads in the link circuit
supplied at relay 1302. This closes a circuit for
relay (615 which completes a circuit from the
ringing source at 1721 through condenser 1616
to tip conductor of the test line 530. This checks
the timing relay in the allotter and the operation
of the ringing interrupter and indicates that the
office is working satisfactorily. Relay 1614 also
grounds the BT lead in the control circuit to
make the test line busy and operates relay 1600
to supply the busy tone as hereinbefore described.
The various conditions that may be determined
and indicated over the test line when called may
be divided into major and minor alarms. The
minor alarms are indicated by the white lamps
it the guard key is operated to give a low tone
indication over the test line and the major
alarms are indicated by red lamps if the guard
key is operated to give a busy tone indication to
said lines in case of a false ground, or if the al-
lotter timing relay -does not-operate there will be

| 15
no tone signal received over the test line as relay
{318 will not operate. The operator that per-
forms the test over the line 530 can therefore
determine in general whether or not the trouble
indicated requires immediate attention or is of
such minor nature that it may be attended to in
such routine inspections that are made at regu-
lar intervals. . ’

What is claimed is:

1. In a telephone system, a cross-bai switch,
lines terminating in said switch, a common con-
irol circuit for controlling the establishing of
connections through the switch between a call-
ing line and a called line, means responsive to a
calling subscriber removing his receiver {rom the
switch-hook for seizing said ‘control circuit and
for establishing a connection between the calling
line and the switch by the aid of said control cir-
cuit and for thereafter releasing said control eir-
cuit, and means responsive when the calling sub-
scriper has dialed a called subscriber’s number
for again seizing said control circuit and for es-
tablishing a connection between the switch and
the called line by the aid of said control circuit
to connect the calling line with fhe called line
and for thereafter releasing said control circuit.

2. In a telephone system, & cross-bar switch,

lines terminating in said switch, a control cir--

cuit for controlling the establishing of connec-
tions through said switch between a calling line
and a called line, a relay means responsive to a
calling subscriber removing his receiver from the
switchhook for seizing said control circuit and for
establishing a connection between the calling
line and the switch by the aid of said control
circuit and for thereafter operating said relay,
means responsive to the operation of said relay
for releasing said control circuit, a second relay,
means responsive when the calling subscriber
has dialed another subscriber’s number for again
seizing said control circuit and for establishing a
connection between the switch and the called
line by the aid of said control circuit to connect
the calling line with the called line and for there-
after operating said second. relay, and means
responsive to the operation of said second relay
for releasing said control circuit.

‘3. In a telephone system, a cross-bar switch,
lines terminating in said switch, a.common con-
trol circuit for controlling the establishing of
connections through said switch between a calling
line and a called line, means responsive to the
calling subscriber removing his receiver from the

- switchhook for seizing said control circuit and for

establishing a connection between the calling
line and the switch by the aid of said control cir-
cuit, a relay, means for operating said relay in
response to the establishing of a connection from
the calling line to the switch, means responsive

“to the operation of said relay for releasing said

control circuit, a second. relay, a third relay,
means responsive when the calling subscriber
has dialed another subscriber’s number for again
seizing the control circuit and for establishing a
connection between the switch and the called line
to connect the calling line with the called line
by the aid of said control circuit, means respon-
sive on the completion of said last-mentioned
connection for -operating said second relay in
case the called line is idle and for operating said
third relay in case the called line is busy or in
case of a revertive call, and means responsive to
the operation of either of said second or third
relays for releasing said control circuit.

- 4. In a telephone system, a cross-bar switch,
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party lines terminating in said switeh, a control
circuit for controlling the establishing of con-
nections through said switch between subscribers
on the same party line, means responsive to a
calling subscriber removing his receiver from the
switchhook for seizing said control circuit and
for establishing a connection between the calling
line and the switch and for thereatter releasing
said control circuit, and means responsive when
the calling subscriber has dialed the number of
a subscriber on the same line for again seizing
said control circuit and establish a connection to
the same line by the aid of said control circuit
and for thereafter releasing said control circut.

5. In a telephone system, a cross-bar switch,
party lines terminating in said switch, a control
circuit for controlling the establishing of con-
nections through said switch, means responsive
to a calling subscriber removing his receiver from
the switchhook for seizing said control circuit
and for establishing a connection between the
calling line and the switch by the aid of said con-
trol circuit and for thereafter releasing said con-
trol circuit, a relay operated when the calling
line is connected to the switch, means thereafter
responsive when the number of a subscriber on
the same line has been dialed for again seizing
the control circuit and establish & connection to
the same line by the aid of satd control circuit,
Ineans responsive to the completion of said last-
mentioned connection for releasing said control
circult for releasing said relay, and means re-
sponsive to the release of said relay for complet-
ing the connection between the two subscribers.

6. In a telephone system, a cross-bar switch,
party lines terminating in said switch, a control
circuit for controlling the establishing of a con-
nection through said switch, link circuits termi-
nating in sald switch, means responsive to a
calling subscriber removing his receiver from the
switchhook for seizing said control circuit and
for establishing a connection from said subscrib-
er’s line at one connecting point of .said switch to
one end of a link circuit by the aid of said con-
trol circuit and for thereafter releasing said con-
trol circuit, a relay in said engaged link circuit
operating when a calling line is connected to said
link, means thereafter responsive when a sub-
scriber’s number on the same line has been dialed
for again seizing said control ecfrcuit and estab-
lish a connection at another connecting point
of said switch between said link and the calling
line by the aid of said control circuit, means re-
sponsive to the completion of said last-mentioned

connection for releasing said relay and for re-.

leasing said control circuit, means responsive to
the release of said relay and to the calling sub-
scriber replacing his receiver for ringing said
other subscriber on said line, means responsive to
the called subscriber removing his receiver from
the switch hook. for releasing said link and for
preventing the reseizure of said control circuit
and establishing of another connection through
the switch as long as either subscriber’s receiver
remains off the switchhook.

7. In a telephone system, a cross-bar switch,
lines each comprising a single conductor, a re-

- peating coil having one side connected between

the single conductor and ground and two con-
ductors terminating in the switch and connected
to the other side of the repeating coil, means for
establishing a connection from a calling line to
a called line through said switch, and means re-
sponsive to the establishing of such a connec-
tion for transmitting ringing current to the called
line and for opening the connection between the
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repeating coil and the called line and between the
repeating coil and the switch.

8. In a telephone system, a cross-bar switch,
two-conductor lines terminating in saild switch,
single-conductor lines each comprising a single
conductor, a repeating coil having one side con-
nected between the single-conductor lne and
ground and two conductors terminating in the
switch and connected to the other side of the
repeating cofl, means for connecting a calling
subscriber’s line with a called subscriber’s line
through said switch, means responsive to the es-
tablishing of said connection for transmitting
ringing current over the line conductors of the
called subscriber’s line if it is a two-conductor
line and for transmitting ringing current over
the single conductor If the called subscriber’s line
is a single-conductor line, and means operating
in the latter case for entirely removing the re-
peating coil from the connection between the
called subscriber’s line and the switch.

9. In a telephone system, a eross-bar switch,
two-conductor lines terminating in said switch,
single-conductor lines each comprising a single
conductor, a repeating coil having one side con-
nected between the single conductor and ground
and two conductors terminating in the switch and
connected to the other side of the repeating
coil. means for connecting a called subscriber’s
line with a calling subscriber’s line through said
switch, ringing relays, means responsive to the
establishing of said connection for operating a
ringing relay, means responsive to the operation
of said ringing relay for applying ringing cur-
rent over the line conductors of a called subscrib-
er’s line in case the called subseriber’s line is a
two-conductor line and for applying ringing cur-
rent over the single conductor of a called sub-
scriber’s line in case the called subscriber’s line
is a single-conductor line and for entirely elim-
Inating the associated repeating coil from the
connection between the single conductor and the
switch. ’

10. In a telephone system, a cross-bar switch,
two-conductor lines terminating in said switch,
single-conductor lines each comprising a single
conductor, a repeating coil having one side con-
nected between the single conductor and ground
and two conductors terminating in the switch and
connected to the other side of the repeating coil,
means for connecting a calling subscriber’s line
with a called subscriber’s line through said switch,

‘ringing relays, means responsive to the establish-

ing of said connection for operating a ringing
relay, means responsive to the cperation of said

ringing relay for applying ringing current over °

the line conductors of a called subscriber’s line in
case his line is a two-conductor line and for ap-
plying ringing current over the single conductor
of a called subscriber’s line in ecase his line is a
single-conductor line and for opening the con-
nection between the single conductor and the re-
peating coil, and between the repeating coil and
the two conductors terminating in the switch.
11. In a telephone system, a cross-bar switch,
two-conductor lines terminating in said switch,
single-conductor lines each comprising a single
conductor, a repeating coil having one side con-
nected between the single conductor and ground
and two conductors terminating at the switch and

connected to the other side of the repeating coil, ©

an alternating current connection normally closed
and a direct current connection normally open
between the windings on said other side of the
repeating coil, means for connecting a calling

subscriber’s line with a called subscriber’s line 7
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through said switch, ringing relays, means re-
sponsive to the establishing of said connection for
operating a ringing relay, means responsive to the
operation of said ringing relay for applying ring-
ing current over the two conductors of a called
subscriber’s line in case said line is a two-con-
ductor line, a relay associated with each single-
conductor line, means responsive to the operation
of said ringing relay if the called subscriber’s line
is a single-conductor line for operating the as-
sociated relay, means responsive to the operation
of said associated relay for opening the connec-
tion between the single conductor and one side of
the repeating coil to ground and for applying
ringing current to the single conductor, a second
relay, a circuit for said relay connected to the
single conductor, and means responsive to the
operation of said first relay for opening the alter-
nating current connection and for opening the
circuit for said second relay to maintain said di-
rect current connection open,

12. In a telephone system, a cross-kar switch,
lines, means for establishing connections between
a calling line and a called line through said switch,

said means including sets of relays, each relay .

having two windings, two energizing chain cir-
cuits for each set of relays, each circuit including
a separate winding of each relay in a set, a source
of current, and a fuse between each chain circuit
and the source of current.

13. In a telephone system, a cross-bar switch,
lines, means for establishing a connection be-
tween a calling line and a called line through said
switch, said means including sets of relays and
two identical chain circuits for each set of relays
for operating one relay in each set during the
establishing of a connection, a source of current,
fuses, each fuse between an individual chain cir-
cuit and the source of current,

14. Tn a telephone system, & cross-bar switch,
lines, means for establishing a connection be-
tween a calling line and a called line through said
switch, said means Including sets of relays, each
relay having two windings, two chain circuits for
each set of relays, a source of current, a fuse con-
nected between each chain circuit and said source
of current, a ground connection to both chain
circuits of each set of relays connectable to the
windings of said relays, means for connecting said
circuits to ground through the windings of any
one of said relays for the operation thereof, means
controlled by an operated relay for rendering the
relays in the chain circuits located between the
associated fuse and the windings of the operated
relay are made inoperative, and means controlled
by said operated relay for rendering the remain-
ing relays in a set ineffective in the control of the
establishing of any other connection through the
switch while any of said relays is operated.

15. In a telephone system, a first trunk and
line connecting cross-bar switch, subscriber’s
lines terminating in said switch, trunks termin-
ating in said switch, links for -establishing con-
nections between a calling line and a called line,
or between a calling trunk and a called line or &
calling line and a called trunk, a second tandem
trunk connecting cross-bar switch, each of said
trunks appearing in said second switch in two
branches, one as a calling branch and the other
as a called branch, and means for establishing a
connection through said second switch between
the calling branch of a calling trunk and the

called branch of & called trunk. :

75

16. In a telephone system, a selective switch,
lines terminating in said switch, a common con-
trol circuit for controlling the establishing of

17

connections through the switch between a calling
line and a called line, means responsive to a
calling subscriber removing his receiver from
the switchhook for seizing said control circuit
and for establishing a connection between the
calling line and the switch by the aid of said
control circuit and for thereafter releasing said
control circuit, and means responsive when the
calling subscriber has dialed a called subscriber’s
number for again seizing said control circuit and
for establishing a connection between the switch
and the called line by the aid of said control cir-
cuit to connect the calling line with the called
line and for thereafter releasing said control
circuit.

17. In a telephone system, a first trunk and
line connecting cross-bar switch, subscriber’s
lines terminating in said switch, trunks termin-
ating in said switch, links for establishing of a

connection between a calling line and a called ¢

line, between a calling line and a called trunk or
ketween a calling trunk and a called line through
said switeh, a second tandem trunk -connecting
cross-bar switch each of said trunks appearing
therein with two branches, one as a calling branch
and the other as a called branch, and means for
establishing a connection from the calling branch
of one trunk to the called branch of another
threough said second switch with the temporary
aid of a link and the first switch.

18. In a telephone system, a first trunk and line
connecting cross-bar switch, subscribers’ lines

[}
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terminating in said switeh, groups of trunks

terminating in said switeh, links for establishing

a connection through said switch between a call- ©

ing line and a called line, between a calling line
and an idle trunk in any group or between a
calling trunk in any group and a called line, a
second tandem trunk connecting cross-bar switch
each of the trunks in said groups terminating
in said second switch in two branches, one as
a calling branch and the other as a called branch,
and means for establishing a connection from the
calling branch of a calling trunk in one group
to the called branch of an idle trunk in another
group through said second switch through the
temporary use of the first switch and the link
to select the group and an idle trunk in said
group to which a connection will be made through
said second switch.

19. In a telephone system, a cross-bar switch,
lines each comprising a single conductor, a re-
peating coil having one side connected between
the single conductor and ground and two con-
ductors terminating in the switch and connected
to the other side of said repeating coil, means
for establishing a connection from a calling line
to a called line through said switch over said
two conductors, a relay associated with each of
said lines, ringing  relays, means responsive to
the establishing of such a connection for actuat-
ing a ringing relay and for actuating the relay
associated with the called line under controf of
said operated ringing relay over & circuit con-
nection including a conductor other than the two
conductors over which the connection was es-
tablished, and means responsive to the operation
of said relay for entirely removing the repeating
coil from the connection between the calling sub-
sceriber and the called subscriber.
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