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Warren W. Carpenter, Garden City, N. Y., as-
signor to Bell Telephone Laboratories, Incor-
porated, New York, N. Y., a corporation of

New York

Application March 11, 1936, Serial No. 68,262
42 Claims. (CL 179—18)

This invention relates to telephone systems
and particularly to systems of the kind in which
automatic switching equipment is used wholly
or in part for the establishment of connections.

The objects of the invention are to improve
telephone systems of this character by the use
of simple, reliable and efficient switching and con-
necting devices; to provide a more flexible ar-
rangement of the lines, trunks and other con-
necting circuits involved in setting up connec-
tions; to secure an efficient use of common
switching squipment for both originating and
terminating calls; to make use of a novel group-
ing of lines and division of the switching equip-
ment with respect to the common controlling
apparatus; to uniformly distribute the traffic
loads over the several groups or units of equip-
ment without expensive wiring changes and
without changing directory numbers; to secure
greater latitude and flexibility in the enlarge-
ment or rearrangement of private branch ex-
change groups; to effect improvements in the
testing of both direct lines and private branch
lines; and to otherwise improve and increase gen-
erally the efficiency and serviceability of such
systems. ;

The invention relates, in general, to automatic
or dial telephone systems designed for use in

scribed and claimed herein are illustrated in a
system employing the cross-bar switch as the
switching medium, together with central office
register senders for registering the designations
of wanted lines and common markers cooperat-
ing with said senders and with the selective

- switches to establish thé desired connections.

T 40

45

A feature of the present invention is a system
in which a plurality of cross-bar switches serve
the subscribers’ lines both as line switches for
outward calls from said lines and as final selec-
tors for inward calls to said lines, the lines and
switches being divided into line groups, a plu-
rality of these line groups comprising a larger
group or line choice, in which each line group
is provided with a line control circuit for con-
trolling the switches thereof on an outward call,
and in which a marker is provided which serves

- all the line groups of a choice for controlling

55

the switches in any of said line groups to com-
plete an inward call to one of the lines therein.
Another feature is a system in which each of
the line control circuits of a choice is provided
with means to prevent the marker from asso-
clating itself with the corresponding group while
‘an outward call is in progress, and in which said

marker is also provided with means to render
any one of the line control circuits of the choice
ineffective while the marker is engaged with the
corresponding line group on an inward call.

Another feature of the invention is a system
in which the switch structures combining the
functions of both line switches and final selectors
consist of primary and secondary cross-bar
switches, the lines appearing in the primary
switches, and the primary and secondary switches
being interconnected by links over which both
originating and terminating calls are completed,
together with one testing means for testing these
line links for an idle one when an originating
call is made and other testing means for test-
ing them for an idle one when a terminating call
is being completed. )

Another feature relates to a system of this
nature in which said line links are connectable
through the secondary line switches to district
trunks or junctors for extending a call outgoing
from one of the lines, and said line links are
accessible through the secondary line switches to
other trunks known as line junctors for the pur-
pose of completing incoming calls to said lines,
and wherein testing means is provided for test-
ing said line links in conjunction with the dis-
trict junctors for outward calls and for testing
said line links in conjunction with the line
junctors for inward calls.

According to another feature, the several
line groups have access each to a plurality of
groups of district junctors, and any particular
line group prefers to place its calls in one or
the other of two of the junctor groups to which
it has access, the choice between the preferred
two groups alternating between them from call
to call. In case all junctors in both preferred
groups are busy, then the line group will place
its ecalls in the first succeeding junctor group
that offers an idle one. The purpose of this fea-
ture is to confine the outgoing calls as much as
possible to a certain few of the line links in the
line group, thus leaving the remaining links free
for selection and use on incoming calls for lines
in the same group. The reason for this will ap-
pear more clearly in the following description.

Also in accordance with the last-mentioned
feature the district junctor groups may be mul-
tiplied to several line groups in which case means
is provided whereby each line group will have a
different pair of district groups in which it pre-
fers to place its calls.

According to a further feature, the selection of
an individual district junetor from the chosen
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group will depend on the location of the calling
line in the primary line switch. The subscribers’
lines appear in the vertical rows of contacts of
the primary cross-bar line switches, and each
such line occupies a full vertical row of con-
tacts in one and only one of these switches. A
convenient size for these switches is ten vertical
rows of contacts or ten subscribers’ lines per
switch, and it is the vertical location of the call-
ing line in its switch that determines which
district junctor in a group is preferred for the
call. i

Another feature of the invention is a system

- wherein the equipment comprising the switches

15

20

25

and circuits that carry traffic to and from the
subscribers’ lines is divided into a number of
groups or units, the amount of equipment, in-
cluding switches, trunks and links, in each unit
remaining fixed, and in which the variations in
traffic loads that occur in the several units are
met not by adding more equipment but by s
simple and novel distributing means whereby
lines individually or in groups may be shifted
from one location to another within a unit or to
other units without the necessity of changes in

~ the telephone directory.

30

According to the feature last-mentioned, a
subscriber’s line may be located anywhere in a
line choice. A line choice consists of a plurality
of line groups, four, for example, and each group
comprises ten horizontal groups or levels of pri-

- mary line switches and ten secondary line
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switches. The marker on receiving the number
of the called line first connects itself to the proper
choice of lines, operates a relay, associated with
the choice, that is individual to a block of twenty
lines containing the called line. The marker
next closes a circuit through this relay to a lead
that is individual to the called line. This lead,
in common with similar leads for all other lines
in the same horizontal level, operates a hori-
zontal level relay, there being one of these relays
for each of the forty horizontal levels in the
choice. The purpose of these relays is to cause
the connection of the marker to the line links of
the horizontal level containing the called line.
It is, therefore, possible to shift & line to any
location in the choice by connecting its indi-
vidual lead to the proper horizontal level relay,
and it is unnecessary to make any change in the
marker. This means that the physical location.
of the lines in one choice regardless of their di-
rectory numbers need not bear any relation to
the physical location of the lines of any other
choice. Accordingly, lines may be moved singly
or in blocks of twenty from one level to another
or from one group to another in the choice with-
out changing the marker or the directory num-
bers of the lines. .

Another feature and one related to the feature
last-mentioned is an arrangement whereby one
or more blocks of twenty lines each may be shift-
ed from one line choice to another. To this
end, a cross-connecting rack is provided between
the translator of the marker and the connectors
for the several line choices. To shift a block of
twenty lines to a new choice it is only necessary
to disconnect the leads on the translator for that
block from the old choice and connect them to
the line choice connector of the new choice.
When one of these lines is called, its number
being the same as before, the marker connects
itself to the new choice where the line is now
located and also operates the proper relay for
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the block of twenty and the proper horizontal
level relay. -

Another feature is a progress circuit in the
marker whereby the lines of a private branch ex-
change group may be tested by the marker in
blocks of twenty lines each. The dialed exchange
number causes the selection of the choice and the
twenty-block relay therein for the block of
twenty lines containing the first line of the
wanted private branch. If all these lines are
found busy, the progress circuit releases that
twenty-block relay and operates the one for the
next twenty lines of the group, and these are
tested for an idle one. This continues until an
idle line is found or all have been tested. Since
only one directory number needs to be dialed to
select the choice and operate the first twenty-
block relay, and since the progress circuit auto-
matically causes the operation of succeeding
twenty-block relays, it is necessary to utilize
only one number in the directory for an entire
private branch group. i

Another feature is a testing circuit for private
branch lines whereby if the first several lines of
the group are followed in the same twenty-block
by lines not of the group, and there are further
lines of the group in some other twenty-block,
the test on reaching the last private branch line
in the first twenty-block stops at that point and
the next twenty-block relay répresenting the
next lines of the group is operated and the test
proceeds.

A further feature of the invention is a system
in which calls for subscribers’ lines are extended
to the line choices over incoming frames, each
incoming frame having line junctors, usually ten
in number extending to the called line group of
the choice, but sometimes having one or more
full groups of ten and a partial group of less
than ten, and in which two or more partial
groups coming from different incoming frames to
the same line group are collected to form a full
unit of ten junctors for testing purposes. Since
the marker is arranged preferably to test a full
unit of ten junctors on each test and since a call
from a particular incoming frame can be served
only by line junctors from that frame, it is neces-
sary, when the marker is testing a partial group,
to render artificially busy all remaining junctors
of the unit of ten which come from other incom-
ing frames. This plan enables a uniform testing
operation on the part of the marker whether
it is testing a full or a partial group of line junc-
tors and at the same time allows a more efficient
use of the junctors where conditions are such
that they are not always divisible into even groups
of ten.

According to a further feature, if a line group
has a plurality of line junctor groups, one or
more of which may be full groups of ten.and one
of which a partial group, the marker is so ar-
ranged that it will on successive calls start its
testing operation with different groups.

The foregoing and other features will be de-
scribed more fully hereinafter and will also be
set forth in the appended claims.

For a clearer understanding of the invention,
the circuits embodying it have been shown  in
the accompanying drawings in which:.

Fig. 1 shows the manner in which Figs. 4 to 11
are to be arranged;

Fig. 1A shows the manner in which Figs. 12 to
64 are to be arranged;

Fig. 2 shows in block form the relationship be-
tween the various elements of the system;
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Fig. 3 is & detail of the circuit to bring out the
flexibility of the line arrangement;

Figs. 4 to 11 'make up a diagrammatic showing
of the system as a whole; and

5 Figs. 12 to 64 are the detailed drawings, where-
in the circuits shown in block form in Fig. 2 may
- be identified as follows:

Figs. 12, 16, 17, 21, 22, 26, 27 and 28 show the

line link and group control circuit;

10 Fig. 13 shows the district junctor;

! Figs. 14, 18, 19, 20, 23, 24 and 25 show the sender
link and control circuit;

Fig. 15 shows in schematic form the decoder
marker connector, decoder marker, district link

15 and connector and office link and connector;

Figs. 29, 30 and 37 show the terminating sender;

Figs. 31, 32 and 38 show the line choice con-
nector; . .

Figs. 33, 34, 39 to 41, 45 to 49, 52 to 55 and 59 to

20 64 show the terminating marker; '

Figs. 35, 36, 42, 43, 44, 50 and 51 show the termi-
nating sender link and control circuit;

Pig. 56 shows the terminating marker con-
nector; :

25 Fig. 57 shows the incoming link and connector;
and

Fig. 58 shows the incoming junctor.

It will be noted that certain of these circuits are
presented in diagrammatic form. For the details

30 and complete descriptions of the decoder marker
and its associated connectors reference may be
made to the application of W. W. Carpenter,
Serial No. 27,305, filed June 19, 1935. For a de-
scription of the sender, reference is made to the

35 application of R. Raymond, Serial No. 27,340,
filed June 19, 1935.

Referring first to Fig. 2, the operation of the
system is briefly as follows: The subscriber’s
line on originating calls is connected by means

40 of a line link and group control circuit to a dis-
trict junctor and to a sender link and control cir-
cuit through which it is connected to a sender.
With the wanted line number recorded, the sender
connects with a marker through a marker con-

45 nector and the marker in turn connects by means
of a district connector with the district link in
which the district junctor appears. By means of
an office connector it selects and connects with
an office link outgoing to an idle trunk to the

50 wanted office. It then controls the establishment
of the connection between line and trunk. The
marker and associated connectors are then re-
leased, but the sender remains effective until after
it has transmitted the line designation to the

55 wanted office or controlled the establishment of
the connection thereat.

On terminating calls an incoming junctor is
seized by the originating office. The incoming
junctor connects with a terminating sender

go through the terminating sender link and control
circuit and the originating sender is signaled to
transmit the designation. With the record set up
in the terminating sender, a terminating marker
is seized by means of the terminating marker

¢5 connector. Under the control of the wanted line
designation the marker picks the proper line
choice connector and then, by means of an incom-
ing connector, connects with the incoming link
in which the incoming junctor appears. The

7o marker proceeds to determine the line link and
group control circuit and the wanted line and
then controls the establishment of the connection
between the incoming trunk and the wanted line.
All of the auxiliary equipment is then released

7% and the connection maintained under the control

.of the subscribers at the districf, and incoming

junctors.

In the cross-bar system as shown in the present
disclosure, the unit is a switch having one hundred
contact sets which occur at the intersections of
ten vertical units and ten horizontal units, or two
hundred contact sets in which case there are
twenty vertical units, No attempt will be made
to describe the structure of the switch in detail,
but each horizontal unit is controlled by a select
magnet which prepares the contacts in the corre-
sponding horizontal row while each vertical unit
Is controlled by a hold magnet which completes
the corresponding one of the prepared contacts
and locks over that contact, remaining operated
throughout the duration of the connection.

SCHEMATIC SHOWING

Referring to the schematic drawing including
Figs. 4 to 11, inclusive, in the primary line switch
620, for example, the ten lines 600 and 60! to 609
are connected to the ten vertical units and the ten
line links 680 and 68! to 689 to the horizontal
units. According to the density of the traffic from
one to seven line switches 620, 621, etc., may be
connected in multiple to one set of ten line links
and are arranged side-by-side in one horizontal
level of the line frame. Ten sets of line switches
620, 621, 630 and 631, eachr with its associated
lines and ten line links are arranged above one
another to make up one line group or frame.
Four line groups or frames constitute one line
choice, but this latter grouping is used only in con-
nection with terminating calls.

Ten secondary line switches 660, 610, etc., are
provided for the line group or frame and one
line link from each primary line switch is con-
nected to each secondary line switch so that each
linehasaccess to each secondary line switch and to
each district junctor outgoing therefrom. A given
linelinkisconnected to thesecondary lineswitch oc-
cupying the same relative position in the group of
switches that the link does in the group of links
and appears in that switch in the same relative
position as that occupied by the primary line
switch. Specifically, line link No. 0 from primary
level No. 0, viz. link 680, connects with horizontal
unit No. 0 in secondary line switch No. 0, that is
switch 660. Link 689, which is link No. 9 in level
No. 0, connects with horizontal unit No. ¢ in
secondary line switch 670 which is switch No. 9,
Similarly link 690, which is the No. 0 link in pri-
mary level No. 9, appears in horizontal unit No. 9
of switch No. 0, and link 692, which is the No. 9
link of level No. 9, app=ars in horizonta] unit No. 9
of switch No. 9.

The district junctors 66! and 662, include a
relay circuit such as shown in Fig. 13 and extend
to switches 700 and 701 similar in structure to the
line switches on a frame called the district frame.
From each secondary line switch, the ten district
junctors 661, 662, etc., are extended to five district
frames, two to each frame and from the line
group, a group of twenty district junctors extends
to each of five district frames. This group of
twenty district junctors is multipled to one or
more additional line groups, depending on the
traffic originated by the line groups.

A district frame comprises ten primary district
selectors 100, 701, etc., to which come five groups
of district junctors. Thus by the multipling
above-mentioned, one district frame may handle
calls from a large number .of subscribers. The
primary district selectors 700, 701 give access to
twenty district links 710 to 713 which are dis-
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tributed to twenty secondary dis -ict selectors
702, 703, 704, 105 and two hundred interframe
trunks Ti4 to T21. In a similar way there is
provided an office frame having primary and sec-

- 8 ondary switches and giving access to outgoing
trunks,

The establishment of a connection from a call-
ing line to an outgoing trunk is controlled by an
outgoing marker 900 which in turn receives the

10 designation of the wanted - office from a sub-
scriber’s sender 90f. The sender 901 is connected
with the line in parallel with the district junctor
and the connection is made through primary and
secondary sender selectors included in the sender

15 link and control circuit 982. Five of the groups
of district junctors appear in the primary sender
selectors which have access through the second-
ary sender selectors to ten groups of ten sgnders,
or one hundred senders. The sender switches

20 are arranged in the same manner as the line
switches so that any district junctor has access to
any sender. Each group of twenty district junc-
tors appears in the twenty verticals of a two
hundred point switch. The ten horizontals of

25 each switch are spread to the verticals of flve
secondary selectors, which are split so that each
secondary switch gives access to twenty senders
and only five sender links are available between
a given district junctor and sender. Due to the

30 number of conductors required between the dis-
trict junctor and the sender, the primary and
secondary selectors are furnished in duplicate.

In completing a terminating call, the primary
. and secondary line switches are again used, in
35 connection with primary and secondary incom-
ing selectors. The secondary line switches are
provided with two sets of vertical elements, one
set leading to the district selectors as previously
described and the other shown on the left, lead-
40 ing to the incoming selectors. Incoming calls
are received over incoming junctors including re-
lay circuits like those shown in Fig. 58. These
junctors (100 and (101, for example, appear in
the horizontal elements of the primary incom-
45 ing selectors 1110, {11, etc., which are two hun-
dred point switches, that is, have twenty vertical
elements. An incoming frame includes ten of
these primary incoming selectors and twenty, one
hundred point secondary selectors 1114, 1115, etc.

50 Two hundred incoming links 102 to {109, etc.,
connect the primary and secondary incoming
selectors, appearing in the vertical elements of
each switch.  Outgoing from each incoming frame
are two hundred line junctors 1118 to 1126, etc.

55 These line junctors appear in the horizontal ele-
ments of the secondary incoming selectors, ten
to each switch.

" In order that any incoming call may reach any
line, each secondary incoming selector must be

60 connected to each secondary line switch. As in-

dicated above, the lines of the office are divided, -

first into line choices, the number of choices de-
pending on the density of the traffic. In the

" schematic, the number has been taken as ten.
65 Each choice is divided into four groups or frames,
each frame comprising ten levels and each level
having ten points of access. Therefore there are
four thousand points of access to the line
switches and, assuming ten incoming frames, two

70 thousand points of egress from the incoming
selectors and two thousand line junctors. The
line junctors, therefore, are connected each to
two line switch units. More specifically the sec-
ondary incoming selector 1115 appearing on the
75 left in level No. 0 is connected by line junctor
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1118 in muttiple to the No. 0 vertical element of
secondary line switch 660 in frame No. 0 of choice
No. 0 and to the similarly located element in
frame No. 2 of choice No. 0. Secondary incom-
ing selector (117 is connected by line junctor &
1123 to the No. 0 vertical in level No. 9 of the
same frames as is selector 1(15. The selectors
fit4 and 1116 appearing on the right are con-
nected with the odd numbered frames.

‘With ten choices and ten incoming frames the 10
distribution of the line junctors is similar to that -
of the line links, junctors from the No. 0 frame
appearing in the No. 0 verticals of the line
switches, from the No. 1 frames in the No. 1
verticals, etc., while the No. 0 junctors from each 15
incoming switch extend to the No. 0 choice, the
No. 1 junctors to the No. 1 choice, etc.

As set forth above, the location of the lines in |
the line frames is independent of the directory
numbers assigned to them. To control the selec- 20
tion of a wanted line and the establishment of
the connection between the incoming junctor and
the line, the incoming junctor when seized con-
trols a terminating sender link and control cir-
cuit 983 which establishes a connection between 25
the junctor and an idle terminating sender 904.
The wanted line number is then recorded in the
sender after which, by means of the marker con-

" nector 905, the sender associates itself with an

idle terminating marker 906, part of which is 30
shown in Fig. 4.

The sender transfers the wanted line desig-
nation to the registers 400, 401, 402 and 403 ‘of
the marker. These registers then control a set
of relays constituting a translator. The thou- 35
sands register grounds one of ten conductors
which, multipled under the control of a zero.
hundreds relay 404 and a five hundreds relay 405
control one of twenty relays 406, 407, etc. The
hundreds register grounds one of five conductors 40
to operate one of five relays 408, 409, etc., while
the tens register also grounds one of five leads
to operate one of five relays 410, 411, etc. Each
of the relays 410, 411, etc., controls three con-
tacts which are multipled before the relays 408, 45
409, etc., and the contacts of relays 408, 409, etc.,
are multipled before the relays 406, 401, etc.
Therefore, the registration of a designation
marks one set out of five hundred sets of con-
tacts in the cross-connecting racks 500, 501 and 50
502.

Fig. 5 shows part of the line choice connector
by which the marker gains access to the line and
which is seized after the translation above de-
scribed takes place. The contact of the marked &5
set in rack 500 operates the relay 503 which cuts
through all of the control conductors from the
marker to the line choice which may include from
400 to 2800 lines. The contact in rack 501 con-
trols the operation of a relay 504 individual to 60
one hundred lines or five groups of twenty lines
while the contact in rack 502 controls the oper-
ation of relay 505 which cuts through two groups
of leads one the test and hold leads for twenty
lines and the other, the conductors to be known 65
as the number control leads for these same lines.
The number control leads are cross-connected to
windings of relays 506, 507, etc., which are indi-
vidual to the horizontal levels of the line choice
frames, the cross-connections being made ac- 70
cording to the location and class of the cor-
responding line. These relays return to .the
marker an indication of the location and class
of the wanted line.

- When the line choice connector has operated, 75
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the marker controls the incoming link and con-
nector circuit 987, tests the line, and if it is idle,
tests the line links, line junctors and incoming
links to find an idle channel and then establishes
the connection which is held under the control of
the subscribers at the incoming junctor circuit.

DETAILED DESCRIPTION
OvuTeoING CALL
Seizure of line group and control circuit

When the subscriber at substation 1200 orig-
inates a call, he closes a circuit from battery
through the winding of line relay (2082, outer
lower contact of the combined hold magnet and
cut-off relay 1201 belonging to the calling line
in primary line switch (238, over the ring side
of the line, through the subset, back over the tip
side of the line, inner lower contact of magnet
1201 to ground. _

Line relay 1202 in operating identifies the call-
ing line to the line link and group control circuit.
This identification includes the identity of the

- primary line switch 1230 in which the line ap-
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pears, as indicated by the horizontal and vertical
position of the switch in the frame serving the
line group, and the position of the line contacts
in that line switch. For this purpose relay (202
connects ground to conductor 1203 which is
common to the ten lines appearing in switch
1230 and to conductor 1204 which is individual to
line §200. )

Ground on conductor 1203 first identifies the
horizontal group to which the primary line switch
belongs by operating relay i205 over the upper
back contact of relay 1206. Relay 1205 closes a
circuit from ground over its upper contact to
conductor 1225 and thence to interrupter 1600
to start the timing apparatus which will be de-
scribed hereinafter. It also closes a parallel
circuit over the inner right back contact of relay
1601, outer left back contact of relay 1615, middie
left back contact of relay 1602, right winding
of relay 1603 and battery. Relay 1603 at its outer
right back contact opens the circuit by which
relay (601 is operated from the terminating
marker to prevent the use of the group circuit in
connection with a terminating call until the line
has been extended to an idle district junctor and
sender.

As will appear more fully hereinafter, the con-
trol circuit, while normally used by the group of
lines appearing on a single frame, is arranged to
act as an ‘emergency control circuit for an adja-
cent or “mate” frame. Therefore, when relay
1603 operates it serves to connect the line group
circuits through to a control circuit. Assuming
that the home control circuit is working with
the home frame alone, the operation of relay
1603 closes a circuit from ground at its outer
left front contact, right back contact of relay

1602, outer left back contact of relay 1606, wind-

ing of relay 1607 to battery. Relay 1607 opens
the operating circuit for relay 1606 to prevent the
connection of the control circuit with the mate
frame. It also closes a circuit from battery
through the winding of relay 2700, conductor
2704, inner left front contact of relay 1607, inner
left back contact of relay 1606, conductor 1608,
outer right back contact of relay (704, third left
back contact of relay 1780 to ground. A second

circuit is closed from battery through the wind- .

ing of relay 2600, conductor 2604, outer left front
contact of relay 16017, right back contact of relay
1606, conductor 1609, inner right back contact

5

of relay 1704 and second left back contact of re-
lay 1700 to ground. Relays 2600 and 2700 con-
nect the group relays to the home control circuit.

Relay 2700 in operating closes holding circuits
for relays 2600 and 2700 independent of relays
1704 and {700. The circuit for relay 2600 may be
traced to the right back contact of relay 1606
as for its operating circuit and thence over con-
ductor (624, armature 2728 of relay 2760, con-
ductor 27129 to ground at the outer right contact
of relay 1601. The circuit of relay 2700 extends
to the inner left back contact of relay 1606 as
previously traced and thence over conductor 1625,
armature 2731 of relay 2100, conductor 2732 to

_ground at the inner right contact of relay 1607,

As soon as relay 2600 closes its contacts, ground
is connected from the inner right back contact of
relay 1122, conductor 1719, armature 2649 of re-~
lay 2600, conductor 2620, outer right front con-
tact of relay 1603 to conductor I6!{: and inter-
rupter 1605, The function of this interrupter
will also be described hereinafter.

When relay 2100 operates it closes a cireuit
from battery through the winding of relay 1701,
right back contact of relay 1702, left back con-
tact of relay 1722, conductor 1123 to ground at
armature 2719 of relay 2100.

Choosing horizontal group

Relay 1205 also closes a circuit from ground
over its lower front contact, conductor 12017,
armature 2702 of relay 2700, conductor 2703,
winding of relay 2209, left normal contacts of
the intermediate horizontal group relays, left
normal contact of relay 2200 to battery. If two
or more lines should be calling simultaneously,
the control circuit can serve only one line at a
time and now chooses between the lines accord-
ing to the horizontal group to which they belong.
With lines in several horizontal groups calling,
the several relays such as relay (205 belonging
to those groups are operated, in turn grounding
the windings of the corresponding relays in the
group 2200 to 2209. Since the relays receive
battery over the normal contacts of lower num-
bered relays, the lowest numbered relay of the
group will operate, disconnecting battery from
the higher numbered relays and locking, with
the exception of relay 2200, to battery at its left
front contact. Assuming that no other line is
calling, relay 2208 locks, closing a circuit from
ground over its outer left front contact, con-
ductor 2219, armature 2705 of relay 2700, conduc-
tor 2706, winding of relay 1208 to battery.

Operaling secondary line switch select magnets

Relay 1208 is one of ten relays, each individual
to one horizontal level of the line switch frame,
in which level may appear from one to seven in-
dividual line switches. The line links outgoing
from the primary line switches of one level are
multipled together so that the entire horizontal

.group of lines has access to ten line links and

over them to one set of terminals in each of ten
secondary line switches. Therefore relay (208
may immediately operate the ten select magnets
corresponding to these ten line links. One such
circuit . may be traced from battery through the
winding of select magnet 12{1, armature 212
of relay (208, top normal contact of jack 1610
to ground. A similar select circuit is closed for
each of the ten line links.

Choosing vertical group

Relay 1208 prepares for identifying the vertical
group to which the line switch serving line 1200

(=]
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belongs. It therefore extends the ground con-
nected to conductor 1203, over armature 1209,
conductor 1210, armature 2605 of relay 2600, con-
ductor 2606, outer left back contact of relay
1703, winding of relay 2226 to battery, With re-
lay 2226 operated a circuit is closed from battery
through the winding of relay 1701, inner right
front contact of relay 2226, right front contact
of relay 2208 to ground over the operating circuit
of that relay,

It will be noted that the upper armatures of
relay 1206 are multipled together so that the con-
nection of ground to any one back contact, as
for example over conductor 1203, completes cir~
cuits similar to the one above traced over all
of these back contacts and the front contacts
of relay 1208 to operate all of the relays of the
set 2220 to 2226. Relays 2220 to 2226 lock tem-

_porarily to their operating grounds over their

inner left front contacts independent of relay
1703. With relay 1707 operated a. circuit is closed
over the front contacts of all of these relays,
thus testing during the establishment of each
call, the continuity of all of the operating circuits
for these vertical group relays. This circuit may
be traced from battery through the winding of
relay 1704, middle left front contacts of relays
2220 to 2226, conductor 1706, innermost left con-
tact of relay 1707 to ground. Relay 1704 at its
outer left contact closes a holding circuit for re-
lay 1707 under the control of relay 2226 and a
direct holding circuit for relay 2209. Relay 1704
locks over its second left contact and conductor
2120 to ground at armature 2719 of relay 2700.
Relay 1704 also completes a circuit from ground
on conductor 2720, inner left back contact of
relay 1710, conductor 1708, armature 2607 of relay
2600, conductor 2608, armature 1227 of relay
1208, winding of relay 1206 to battery. Relay
1206 extends its operating ground to conductor
1225 to hold relay 1603 operated. It also opens
the operating circuit of relay 1205 and by open-
ing its upper back contacts opens the multiple
operating circuits for relays 2220 to 2226. How-
ever, relay 2226 which was operated directly from
relay 1202 remains operated as do any other such
relays which correspond to other vertical groups
in which a line is calling. These operated relays
hold relay 1707 operated.

When relay 1205 closes its back contact, a cir-
cuit is completed from ground at that contact,
innermost armature of relay 1208, conductor 1213,
armature 2609 of relay 2600, conductor 2610,
winding of relay 1709 and battery. Relay 1709
closes a circuit from battery through the wind-
ing of relay 1103, inner right contact of relay
1709, to the armature of relay 2220. 'This circuit

' extends over the back contacts of unoperated
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relays of the chain and over the front contact
of the lowest numbered operated relay to ground
over the operating circuit for that relay. Relay
1703 now determines which vertical group shall
be served by closing a circuit from ground at its
middle right contact to the outer left armature
of relay 2220, and thence over the back contacts
of unoperated relays and the front contact of the
lowest numbered operated relay. Assuming that
relay 2226 is the only operated relay, the circuit
extends over the back contacts of relay 2220 and
the other relays of this group, outer left front
contact of relay 2226, conductor 2236, armature
2611 of relay 2600, conductor 2612, armature
1214 of relay 1208 to battery through the wind-
ings of relays 1215 and 1216 in parallel. Relay
1216 connects the hold magnet of the ten sub-
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scribers’ lines appearing in the identified line -

switch through to the control circuit, while re-
lay 1218 connects the ten individual calling con-
ductors through to the control circuit, :

Choosing the line

The operation of relay 1215 identifies the posi-
tion of the calling line to the control circuit by
closing a circuit from grounded conductor 1204,
contact of relay 215, conductor 1217, armature
2618 of relay 2600, conductor 26{4, outer left
back contact of relay 1718, winding of relay
2240 to battery. Relay 1215 closes similar cir-
cuits from the winding of relay 2249 and the
other relays of this line identifying group to the
individual calling conductors of the other nine
lines in this group. If other lines are calling,
their individual ecalling conductors will be
grounded and the corresponding relay of the
group 2240 to 2249 will be operated. .

With relay 2240 operated, a circuit is closed
from battery through the winding of relay 1741,
over the second front contact of relay, 2240 to
the operating circuit of relay 2240 and ground.
‘With relay iTi1 operated a circuit is closed from
battery through the winding of relay 1710, left
front contact of relay (111, innermost front con-
tact of relay 2240 to ground over the operating
circuit of that relay. Relay 1710 locks to con-
ductor 1726 which is grounded at the back con-
tact of relay 700 and the inner front contact
of armature 2719 of relay 2700. Relay (710 ex-
tends its locking ground to the winding of relay
1718 which opens the operating circuits of relays
2240 to 2249. Relay 1710 also extends its lock-
ing ground to the locking circuit of relay 2240.

It may be noted that the circuits above traced
for operating relays {7fi and 1710 and for lock-
ing the line test relays extend to the armatures
of relay 2248 and are completed thereover since
rélay 22490 is the lowest numbered relay operated.
Were some other relay the lowest operated, the
circuits would extend over the back contacts of
relay 2240 and the intermediate relays and the
front contacts of the operated relay, thus deter-
mining which line is to be served.

When relay {718 opens the operating circuits
for relays 2240 to 2249, if more than one relay
has been operated, all but the one locked relay
will now release. Relay 1718 also closes g hold-
ing circuit for relay 1709 at its third right con-
tact and a locking circuit for relay 1703 at its
fifth right contact. Therefore, with relay 1710
operated the horizontal group, vertical group and
individual identity of the line to be served is com-
plete and locked in under the control of release
relay §700. If the call is abandoned, the control
circuit continues to function until the line is con-
nected to the sender which recognizes the aban-
donment of the call and releases the control cir-
cuit. Relay (703 closes a circuit from battery
through the winding of relay 1702, outer right
contact of relay 1703, left contact of relay 1101,
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outer right back contact of relay 1722, condue- -

tor 1712, contact 2107 of relay 2700, conductor
2108 to ground at the lower back contacts of the
five relays such as relay 1800 of the five sender
control circuits to which the line group has ac-
cess, those relays being released which correspond

_to groups in which at least one district junctor

65
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is idle. Relay 1702 locks over its inner contact, .

outer right back contact of relay 17122, and thence
to ground as traced over its operating circuit
and opens the circuit of relay 1701, Relay (701
Is slow-to-release and after an interval closes
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its left back contact, completing a circuit from
ground at armature 2719 of relay 2700, conduc-
tor 1723, left back contact of relay 1722, right
front contact of relay 1702, left back contact of
5 relay 17101, conductor 1713, armature 2709 of re-
lay 2700 to the winding of relay 2710 and battery.
The function of relay 2710 will appear later..

Selection of district junctor and sender test for
10 presence of idle equipment .

In determining to which district junctor the
calling line shall be extended it is necessary that
an idle line link be available and that the dis-

15 trict junctor belong to a group having access to
an idle sender. In order to spread traffic as
much as possible preference is given to groups of
district junctors having more than one idle dis-
trict junctor and having access to groups of send-

og ers including two or more idle ones.

Busy line links have their sleeve conductors
connected to ground at the district junctor or
sender. When relay 1208 operates, it tests the
line links to determine which are idle by con-
o5 Necting test relays 2260 to 2269 over armatures

1222, 1223, etc. to the ten line links extending
from primary line switch 1230 to the ten second-
ary line switches, one of which appears at 1240.
At the same time it connects battery through a

30 resistance over armatures 1220, 1221, ete. in par-
allel with the test relays to reduce interference
with established connections. The test circuit
for the line link shown may be traced as follows:
From the sleeve conductor of the line link, ar-

35 mature 1223 of relay 1208, conductor 224, lower
normal contact of jack 1610, conductor 1623, ar-
mature 2615 of relay 2600, conductor 2616, wind-
ing of relay 2269 and battery. Only those relays
of the group 2260 to 2269 which correspond to
busy line links are operated.

As soon as the identity of the primary line
switch is established as indicated by the opera-
tion of relays 1704 and 1707, a test is made to

. determine which district groups and sender link
45 circuits can be used. The district junctors to

which any line has access are divided into groups

of twenty, each served by a different sender link

40

and control circuit and each group including .

two district junctors from each of the sécondary
line switches. Therefore, since there are one
hundred district junctors outgoing from the sec-
ondary line switches, the line group has access
to five district groups and five sender control
circuits. Each sender link and control circuit
serves one hundred district junctors and there-
fore serves five line groups.

5

=]
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Regular test

For test purposes, each group of twenty dis-

60 trict junctors is divided into two groups of ten
each. When relays {704 and 1707 operate they
connect the ten group test relays 2280 to 2289
to test ten groups of ten districts. One such
test circuit may be traced from battery through
65 the left winding of relay 2289, inner right con-
taét of relay 1707, right back contact of relay
2269, assuming the corresponding line link to be
idle, inner right contact of relay 1705, conductor
17114, armature 2711 of relay 2700, outer right
70 back contact of relay 2710, which has not yet
operated, conductor 2712, right back contact of
relay 0801, outer upper back contact of relay
1800, inner left back contact of relay 1802 to
ground at the back contact of the hold magnet
75 1851 of the secondary sender selector. The re-

7

lays 1802, 1803, 1804, etc. are sender group busy
relays and operate, as will he described later,
when all of the corresponding group of senders
are busy. The test circuit extends in parallel
over the back contacts of these sender group
busy relays to the back contacts of .hold mag-

nets of the sender links having access to the cor-'

responding group of senders. Relay 1800 op-
erates as soon as the sender link and control
circuit is individualized to a line group and is
also held operated when there are no district
junctors available in the group. A second test
circuit extends from the ninth group test relay
(not shown) over the back contact of relay 1805
in parallel to the one traced. The other eight
test circuits extend to sender control circuits (not
shown). The non-operation of the line link test
relays 2260 to 2269 as previously described indi-
cate that an idle means of access to the district
junctor group exists. Relays 1801 and 1805 are
operated as will be described later during each
operation of the sender control circuit with this
group of district junctors to test whether there
are one, two or more idle district junectors in the
group. If two or more district junctors are avail-
able the relays release with the control circuit.
Therefore, the completion of the circuit above
traced indicates that there is an idle line link
leading to a group of district junctors including
at least two idle junctors and that there is at
least one idle sender which may be reached over
an idle sender link.

Reserve test

If none of the group relays 2280 to 2289 has
been operated by the time relay 1701 releases and
relay 2710 operates, a reserve test is made, the
group test circuits being transferred to the front
contacts of relay 2710 and the right armatures of
relays 1817 and 1819. 1In those district groups
containing one idle district, relays 1817 and 1818
will be operated and an attempt will be made to
complete the connection using one of these junc-
tors. Those relays of the group 2280 to 2289
which find idle. equipment as outlined, operate
and attempt to lock over their inner right front
contacts.

Relays {115 and 1716 are arranged to operate on
alternate calls and change the preference among
the groups of district junctors. With relay 17115
unoperated, as shown, the third group of ten or
second group of twenty district junctors is given
preference as shown by the locking circuit of
relay 2282 which may be traced from battery
through the right winding and over the inner
right front contact of relay 2282, outer left back
contact of relay 1715 to conductor (717 in paral-
lel with the winding of relay 1705. With relay
1115 operated, the first group of ten district
junctors is given preference by the closure of the
locking circuit of relay 2280 to conductor 174{7. In
either case, if the group is not available and the
corresponding preferred relay is not operated,
the next higher numbered group is given pref-
erence, the locking circuit of the group relay ex-
tending over the back contact of the lower num-
bered relays. The preference is given to the lower
numbered line links for outgoing calls while
preference is given to the higher numbered line
links for incoming calls in order to prevent, as
far as possible, interference between the two
kinds of calls. The locking circuit for these group
relays is not completed at this time,
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District group preference

Each group of district junctors is multipled to

& plurality of line groups, the number of groups

5 depending on the density of the trafiic originated
* by the particular group. In order to avoid inter-
ference should two line groups having access to
the same group of district junctors originate calls
simultaneously, in each line link and control cir-

10 cuit there is a relay such as relay 2808 for each
group of districts to which it has access, only one
being shown in the present disclosure. That is,
each line group has five relays such as relay 2880.
The relays belonging to a particular group of dis-

" 15 trict junctors are arranged in a chain so that each
group is first choice to a different line group. As
shown in Fig. 28, relays 2800, 280 and 2802 be-
long to the group of district junctors including
the one shown, relay 2800 belonging to the line
20 group shown, for which this group of district
junctors is last choice. Relay 2801 belongs to a
line group for which this group is an intermediate
choice, while relay 2802 appears at the line group

" for which it is first choice. If either relay 2802
25 or 2801 were operated no circuit would be avail-
able for relay 2800. Assuming, however, that
group relay 2289 is operated alone and relays
2801 and 2802 are not operated, a circuit is closed
from ground over the normal contacts of relays
30 2802 and 2801, winding of relay 2800, armature
2713 of relay 2100, conductor 2714, third right
front contact of relay 2289, back contacts of in-
termediate relays and relay 2282, middle left back

contact of relay 1715, outer left front contact of -

35 relay 1704, inner left front contact of relay 17109
to battery. Relay 2800 locks to ground at its
inner right front contact, locking out the other
line groups from this group of district junctors.

40 Choosing group of district junctors to be served

With relay 2800 operated, a circuit is closed for
indicating to the sender control circuit that this
group of districts is calling. This ecircuit may

.. be traced from ground at the fourth left contact
45 of relay 2800, conductor 2806, contact 1902 of
transfer key 1900 normally operated, conductor

1903, winding of relay 2000, normal contacts of

relay 200f to 2804, conductor 2010 to battery at

the left back contact of relay 2400.

Since each sender control circuit serves five
distriet groups, more than one such group may be

" attempting to seize the sender control circuit at
this time. In that case ground is connected to
the windings of other relays of the group 2000 to
2004. In this chain, preference is given to the
highest numbered relay since relay 2004, for ex-
ample, in operating locks to battery at its jnner
right contact and disconnects the operating bat-
tery from relays 20014, 2000, etc.

Assuming, however, that relay 2000, corre-
sponding to the group of district junctors shown
is the only one operated, it locks to its inner right
contact and closes a circuit from battery over its
5 outer right contact to ground through the left

winding of relay 2500 and in parallel therewith

over the outer right back contact of relay 2400

to ground through the winding of relay 2401.

Relay 2500 starts the timing eircuit connected
70 with the sender control circuit which will be dis-

cussed hereinafter. :

Relay 2000 also closes a circuit from ground
at its outer left front contact, key contact 1904,
through the winding of multi contact relay 1806

45 Which is individual to the group of district junc-

55

60

tors represented by relay 2000, thus appropriating
the sender: control circuit to the one group.

With relays 18068 and 2401 operated, a circuit is
closed from battery through the winding of re-
lay 2400, right contact of relay 2401, key contact 5
1905 to ground at armature 1807 of relay 18086.
Relay 2400, an off-normal relay, locks to its op-
erating ground independent of relay 2401 and in
turn operates relay 2402. It connects battery to
the armatures of the district test relays and 10
grounds conductor 2403. Relay 2402 at its inner
left contact closes a circuit from ground over key
contact 1906, upper winding of relay 1800 and
battery. It also closes a similar circuit for the
four relays in this sender control circuit indi- 15
vidual to the other four groups of district junc-
tors. These relays mark this sender control cir-
cuit and the corresponding group of district
junctors busy to calling line groups. :

Had some other group of lines been calling 20
and in operating its group relay, for example
relay 2004, operated some other relay like relay
1806, the subsequent operation of relay 1800
would open the test leads for the two relays such
as relay 2288 whose circuits extended to this 25
sender control circuit and relay 2289 would have
released, in turn releasing relay 2800. If at this
time some other relay had also been operated, but
being lower in the preference chain had been
ineffective, a circuit for some other relay like 30
2800 would be closed and that relay would have
signaled its sender control circuit and. attempted
to seize it for this line group.

Under the assumption above made, that relay
2289 was the first relay in the preference chain 35
to be operated, it now locks in a circuit from
ground over its inner right contact, back con-
tacts of the unoperated relays such as relay 2282,
outer left back contact of relay 1715, conductor
1717, armature 2617 of relay 2600, conductor 26 18, 48
outer right front contact of relay 2800, conductor
2807, armature 1808 of relay. 1806, key contact
1807, back contact of relay 2405, key contact
1908, armature 1808 of relay (806 over the back
contacts of relays 1802, 1803, 1804, etc. to ground 45
at the back contacts of the hold magnets of idle
secondary selectors. In parallel with this locking
circuit relay 1705 is operated, opening the oper-
ating circuits for the group test relays 2280 to
2289. Relay 1105 also closes an obvious circuit for 50
relay 1722 which disconnects ground from inter-
rupter 1605. It also releases relay {102, in turn
releasing relay 2140 and canceling the reserve
test above mentioned. In addition it opens the
circuit of relay. 1701 to prevent its reoperation 55
when relay 1702 falls back. Furthermore it closes
a circuit from ground at the middle right contact
of relay 1110, left front contact of relay 1722,
inner left back contact of relay 11 I5, fourth right
back contacts of relay 2282 and the intermediate 60
relays of the chain, fourth right front contact of
relay 2289, conductor 2299, armature 2725 of re-
lay 2100, conductor 27126, middle right front con-
tact of relay 2800, winding of relay 2805 and bst-
tery. Relay 2805 further connects the line con- 65
trol circuit with the sender control circuit. In
addition, it closes a circuit from battery through
the winding of relay 2803, outer left contact of
relay 2805, conductor 2808, armature 2621 of relay
2600, conductor 2622, outermost front contact of 70
relay 2289, back contacts of the intermediate re-
lays to relay 2282, outer right back contact of
relay 1715 to ground at the outer left back con-
tact of relay 1700. The circuit of relay 2803 ex-
tends in parallel to all of the odd numbered re- 75
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- lays of the group 2280 to 2289 while the circuit
of relay 2804 extends to the even numbered re-
lays, relays 2803 and 2804 therefore distinguish-
ing between the two groups of ten district junc-

& tors making up the group of twenty to which the
sender control circuit has access.

Operate select magnet of primary line switch

With relay 2803 operated, a circult is closed
from ground at its outer left contact, conductor
2809, armature 1228 of relay 1208, to battery
through the winding of select magnet 1226 of
the primary line switch 1230. This magnet pre-
pares for the connection of the calling line to the
line link shown which has access through the sec-
ondary line switches to the selected group of dis-
trict junctors. Relay 2803 also prepares the op-
erating circuits for the hold magnets of the ten
district junctors in the selected group.

Testing for idle district junctor

The sender control circuit now proceeds to de-
termine which district junctor and which sender
shall be used. 'To this end relay 2803 also closes
a circuit from ground at its next to outer left
contact, conductor 2810, winding of relay 1412
and battery. Relay 1812 closes an obvious eir-
cuit for relay 1415. - With relay 1412 operated the
ten district junctors are tested to determine which
ones are idle. The circuit for testing the junctor
shown may be traced from battery through re-
sistance 1300, uppermost back contact of relay
1301, inner upper back contact of relay 1302, con-
tact of jack 1303, conductor 1304, lower back con-
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“Telay 1412, key contact 1909, winding of relay
2410 to ground at the outer left back contact of
relay 2406. Similar test circuits are closed by
relay 1412 from the other nine district junctors

40 of the group to relays 2414, 2419, etc. The relays
corresponding fo idle districts lock between
ground at their middle left front contact and bat-
tery over their inner right front contacts and
the outer left front contact of relay 2400. Each

45 operated relay connects ground over its inner left

- contact and the middle right front contact of

" relay 2402 to the winding of relay 2406 and bat-
tery, operating relay 2406. Relay 2406 discon-
nects ground from the windings of these district

50 test relays to prevent the operation of any addi-
tional relays should a district junector become

idle. It also prepares circuits for relays 2501
and 2502, '

Testing for idle sender group—regular test

When relay 1806 operated it also prepared test
circuits for the senders, to determine which
groups of senders, available through idle second-
ary sender selectors contain at least two idle

60 senders. One of these test circuits may be traced
from ground at the back contact of relay 2309
over the outer right back contact of the succeed-
ing relay of the chain to conductor 2310. A
similar circuit is closed over the back contacts

65 of relay 2304 and the succeeding relay to con-
ductor 23i0. )

If all the senders of the group are idle, ground
is connected over the back contacts of each two
successive relays to conductor 23{0. Assuming

70 relays 2300 and 2309 released and the interme-
diate relays-operated, including relay 2304, the
circuit would extend from ground at the normal
contact of relay 2308, right operated contacts
of ths intermediate relays including the right

75 front contact of relay 2304, back contact of relay

55

tact of magnet 1402, outermost left contact of

9

2300 to conductor 2310. Each group of ten send-
ers has a similar group of relays and for each
such group having two senders idle a conductor
such as conductor 2310 is grounded. 1If all of the
senders are busy, a chain cireuit over their mid-
dle left contacts operates relay 231 f, marking the
entire group busy. Relay 2811 in turn operates
relay 1802 to open the test circuit previously
traced. :

The test circuit extends from ground on con-
ductor 2310, over the back contact of relay 2311,
right back contact of relay 2312, back contact of
relay 2313, conductor 2314, back contact of sec-
ondary sender selector hold magnet 1452, arma~
ture 1810 of relay 1806, right back contact of
relay 1802, conductor I8if, key contact 1810,
outer left back contact of relay 201 i, right wind-
ing of relay 2026 to battery. Similar circuits test
the other sender groups and the switches which
have access to them. Each sender group having
two idle senders and an idle switch operates its
corresponding sender group relay and each relay
attempts to close a circuit for the corresponding
link lock relay. Relay 2020, for example, closes
& circuit from battery at the inner left front con-
tact of relay 2000, outer left front contact of

relay 2020, conductor 2012, key contact 1911,

conductor 1912, winding of relay 2315 to ground.
Selecting sender group

For each group of senders in each sender con-
trol circuit, a relay such as relay 2315 is provided,
and the relays pertaining to the same sender
group in all of the sender control circuits are gr-
ranged in a chain in such a manner that a cer-
tain sender group is preferred by certain control
circults and when selected for use by a control
circuit is locked away from other control cir-
cuits. Relays 2316 and 2317 belong to the same
sender group as relay 2315 but appear at other
control circuits. .The sender control circuit shown
has preferred access to the group of senders rep-
resented by relay 2020 as indicated by the fact
that relays 2316 and 2317 receive their operating
ground over the normal contact of relay 2315.
With relay 2315 operated, the operation of the
link lock relays 2316 and 2317 of other control
circuits is prevented. Relay 2315 at its middle
left contact closes a circuit for relay 2312, which
disconnects ground from the front contact of
relay 2313 to cancel the reserve test which is un-
necessary when a sender group is found contain-
ing two or more idle senders. It also. opens the
sender group test circuit.

Relay 2315, in operating closes a locking circuit
for relay 2020 which may be traced from bat-
tery through the left winding and inner left
contact of relay 2020, conductor 2013, key contact
1913, conductor 1914, outer right contact of re-
lay 2318, back contacts of relays 2316, 231 1, ete.
to ground thus locking the control circuit to the
selected group of senders. This ground also ex-
tends over the inner right contact of relay 2315,
conductor 2318, key contact 1915, winding of re-
lay 2011 and battery. Relay 20if opens the
operating circuits of the sender group relays 2020,
2024, 2029, etc., provides a holding circuit for
relays 1706 and 2289 and closes a eircuit from
ground at the inner left back contact of relay
2503, outer right front contact of relay 20il,
outer right front contact of relay 2020, inner
right back contacts of relays 2024, 2029, etc.,
inner right front contact of relay 2020, key con-
tact 19186, conductor 1811, outer left front contact
of relay 23185, to the winding of relay 2319 -and
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junctors in the secondary line switches. The

battery. Relay 2318 connects the confrol circuit
to the selected group of senders and proceeds to
test for an idle sender in the group.

Selecting idle sepder

In order to distribute the use of senders and
district junctors, preference is based on the Ioca-
tion of the line calling. For this pufpose relay
2240 grounds conductor 2624, as does.  the next

10 higher numbered relay, while relay 2249 grounds
conductor 2238 which is also grounded by the next
lower numbered relay and the intermediate re-
lays in pairs ground three other conductors. If
being assumed that relay 2240 was operafed and

15 locked, conductor 2624 is grounded, preparing
a. circuit over armature 2623 of relay 2600, con-
ductor 2811, fourth leit contact of relay ‘2805,
conductor 1813, armature 1812 of relay 1806, con-
ductor 2331, armature 2330 of relay 2319, inner

20 left back contact of relay 2332, over the back

contact of relay 2300 to the winding of relay 2320,
normal contacts of relays 2324, 2328, etc., to bat-
tery. If relay 2300 were operated to indicate
that this sender was busy, the circuit would be

25 extended.tio relay 2329 and in turn to the next -

lower numbered relays of the groups 2320 to
2329, while if some other conductor were ground-
ed, the test chain would start at the armature
of the proper relay of the group 2360 to 2309

30 and complete the circuit of the first relay of the
group 2328 to 2328 which corresponded to an idle
sender.

Assuming relay 2320 to be operated, if Iocks to
battery at its own front contact and supplies &

35 holding ground for relay 23(2. )

. In addition it closes ground over its middle
right contact to the winding of relay 2332 which
opens the sender test circuits, closes an additional
holding circuit for relay 2312, and completes

40 a circuit from ground at its inner right contact,
armature 2333 of relay 2319, conductor 2334, key
contact 1918, conductor 1819, oufer left back con-
tact of relay 2503, inner right contact of relay
2406 to the winding of relay 2502 and battery.

45 Relay 2502 connects ground to the off-normal
relays.

If relay 2410 had been operated alone, indicat-
ing that only the one district junctor was avail-
able in that group, relay 2502 in operating would

50 have closed a circuit from ground at the Ieft back
contact of relay 2408, outermost left front contact
of relay 2502, outer left front contact of relay
2410, inner left back contacts of relays 2414,
2419, etc., conductor 2809, key contact (920, con-

55 ductor 1921, inner right front contact of relay
415 to the traffic meter associated with the group
of ten district junctors, indicating that all of the
Junctors of the group were simultaneously busy.

Operating hold magnet of secondary line switch

Relay 2502 also closes the circuit of the hold
magnet of the secondary line switch having ac-
cess fo the selected group of districts.. This cir-
cuif may be traced from the preference ground
. 65 supplied to conductor 2331 from the front con-

tact of relay 2240 as previously traced, aver key
contact 1937, conductor 1922, inner right contact
of relay 2502, conductor 2524, middle right front
relay 2418, conductor 2401, key contact 1923, con-
70 ductor 1924, armature 1814 of rclay (806, con-
ductor (815, outer right contact of relay 2803,
conductor 2823 to the winding of hold magnet
12481, The six right and four inner left con-
tacts of relay 2803 are connected to the windings
75 of the ten hold magnets of the group of ten

grounding of a particular contact indicates that
the corresponding district junctor has been
selected and the operation of the hold magnet ex-
tends the line link to the district junctor.

Test of group of district junctors

Af this time the control circuit tests the group
of district junctors for availability for use on
future calls. Relay 2302 in operating closes a
pair of circuits from ground at its third and
fourth right contacts, conductors 2505 and 2506,
key contacts 1925 and 1926, armatures 1825 and
1826 of relay 1806 through the windings of relays
1805 and (8081, respectively. These relays pre-
pare test circuits for all of the district selectors
of the group represented by relay 1886. Battery
from idle selectors is connected as previously
traced to conductor 1304 and over the back con-
tact of the hold magnet of the primary sender
selector, outer left contact of relay 1801, re-

. sistance (816, windings of relays 1817 and 1818

in series to ground. Similar circuits extend from
battery at idle junctors to the group of contacts
of relays 1801 and 1808, ten being connected in
parallel to the windings of relays 1817 and 1818
and the other ten being connected in parallel to
the windings of relays 1819 and 1820. Relays

1818 and 1820 are marginal and operate only if

at least two of these test circuits are completed,
that is, if two out of the ten districts are idle,
while relays (81T and 1819 are sensitive relays,
operating if the circuit is completed at any one
district junctor. If relay 1818 fails to operate, re-
lay 1801 locks over the back contact of relay 1818,
right front contact of relay {881 and the normal
contacts of relays 1413 and 1412 when relay 1412
releases as described hereinafter. Similarly, if
relay 1820 fails to operate relay 1805 locks under
the confrol of relays 1412 and (413. The test
circuits are held closed as long as relays 1881 and
{805 remain operated so that if two district junc-
tors become idle, relay I818 or 1828 will operate,
in turn releasing relay 1801 or 1805 and being re-

- leased in turn together with relays 1817 and {819.

- I one district junctor in the group is idle, so
that relay 1811, for example, is operated, relay
1817 closes a substitute test circuit from the back
contact of magnet 1451, over the right front con-
tact of relay 1817 to conductor 18385, which, when
relay 2710 operates is extended through to the
winding of group relay 2289 as a reserve test for
groups having only one idle district when no

- group is found having two or more idle districts.

Relay 189 performs the same function for the
second group of ten districts. If neither relay
i817 nor relay 1819 is operated, indicating that
no idle districts are available, the locking ground
for relays 18081 and (885 is extended over the in-
ner lower and upper contacts of relay (800 in
parallel, back contacts of relays 1818 and 1817
in series to the lower winding of relay 1800 hold-
ing that relay operated and opening both the
regular and reserve test circuits.

Operating select magnet of primary sender
~ selector

When relay 2319 was operated to connect the
selected group of senders to the control circuit, a
parallel circuit was closed over conductor 2335,
armature {822 of relay 1806, conductor 1821 to
battery through the winding of select magnet
1803 of primary sender selector 1409, thereby
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preparing the one sender link which connects the
selected distriet junctor group with the selected
sender group.

Operating select magnet of secondary sender
selector

With relay. 2320 operated to select an individual
sender from the group, a circuit was closed from
ground at armature 2836 of relay 2319 over the
outer right front contact of relay 2320 to hold
that relay operated and over the outer left front
contact of relay 2320, armature 2337 of relay 2319,
conductor 2338 to battery through the winding
of select magnet (453 individual to the selected
sender in the secondary sender selector f{450.
Magnet (453 in operating closes a circuit from
ground at its front contact, conductor 1414, key
contact 1921, conductor 1928, left normal con-
tact of relay 2507, outer right contact of relay
2406, winding of relay 2501 and battery,

Operating hold magnels of sender selectors
With relay 2501 operated, a circuit is closed

from-battery through the windings of hold mag-

nets (481 and 1402 (two switches are used in or-
der to close through the large number of con-
ductors) outer left contact of relay {415, con-
ductor 1416, key contact 1928, conductor 1930,
outer right front contact of relay 2410, inner left
front contact of relay 2501(, conductor 1922, and
key contact 1937 to conductor 2331 and to the
preference ground as previously traced. Mag-
nets 1401 and 1402 connect the selected district
junctor to the sender link 1410 and magnet 402
extends its operating ground over conductor 1404
of the sender link (410 to the windings of the
hold magnets 1451 and 1452 of the secondary
sender selector, thereby connecting the district
junctor over the sender link to the selected sen-
der. Magnet 1452 closes a holding circuit for it-
self and the other sender selector hold magnets
over conductor 1417, thereby extending the op-
erating ground to the sender. Magnets 1401,
1402, 1451 and 1452 open their back contacts to
mark the switches and links busy to other calls.
Magnet 140t in operating closes ground over
its lower front contact, middle upper back con-
tact of relay §302, lower normal contact of relay
1391, left back contact of relay 1306, resistance

‘1305 to conductor 1242 to hold the hold magnet

1241 of the secondary line switch.
Operating hold magnet of primary line switch

‘When hold magnet 1241 operated, it extended
its operating ground over its lower front contact
and the sleeve contact of the secondary line
switch 1240 over armature 1223 of relay 1208,
conductor 1224 and the line link test circuit as
previously traced to the winding of relay 2269 and
battery. With relay 2269 operated, a circuit was
closed as previously traced from battery through
the winding of the primary hold magnet {201,
contact of relay 1216, conductor 2632, armature
2631 of relay 2600, conductor 2250, outermost
front contact of relay 2240, outer left contact of
relay 2269, second front contact of relay 2289,
back ccntacts of intermediate relays and relays
2282 and 2280, conductor 2628, armature 2627
of relay 2600, conductor 2822, inner left con-
tact of relay 2800, conductor 1823, armature
1824 of relay 1806, key contact 1931, conductor

2508 to ground at the right back contact of relay .

2503. Magnet 1201 connects the subscriber’s line
through to the line link and opens the circuit of

11
line relay 1202, thereby removing ground from
conductors 1203 and 1204, .

When relay 2320 operates, it connects ground
from armature 2336 of relay 2319, over the outer
left front contact of relay 2320 to conductor 2341
to operate the sender connecting relays. When
these relays have functioned and the connection
with the calling line has been tested, as de-
scribed in the application of R. Raymond above
identified, ground is connected to conductor 1418,
operating sender busy relay 2300. Relay 2300
opens the circuit of relay 2320 to prevent its
operaticn on another call as long as the sender
is busy. At its right back contact, it also opens
the corresponding link in the chain circuits indi-
cating two idle senders: PFurthermore it closes
a link in the sender group busy circuit by which
relay 2311 is operated when all senders of a group
become busy. In addition it connects conductors
1419 and 1820 together for controlling the ground
which is to hold the established connection with
the sender so that the connection will not be
held by the sender unless its sender busy relay
is operated. :

Test of connection between line and sender

Before releasing, the sender control circuit de-~
termines that the hold magnets have all operated
and that the tip, ring and sleeve conductors are
complete between this line and the sender. The
operation of relay 2360 as above described is an

indication that the tip and ring conductors are

properly closed.

The sender also extends the ground connected
to conductor 1817 by the hold magnets 1402 and
18452 to conductor 1422, armature 2342 of relay
2319, conductor 2341, key contact 1932, conduc-
tor 1933, to the winding of relay 2507 and bat-
tery as an indication that these hold magnets
have operated.

When line relay 1202 disconnects ground from
conductor 1204 it releases relay I7{(. With re-
lay 1711 released a circuit is closed from ground
at armature 2633 of relay 2600, conductor 1225,
front contact of relay 1206, armature §227 of
relay 1208, conductor 2608, armature 2607 of

‘relay 2600, conductor 1708, second left front con-

tact of relay 1710, inner right contact of relay
{118, right left back contact of relay 1111, con-
ductor 1128, armature 2721 of relay 2700, conduc-
tor 2722, outer left front contact of relay 2800,
conductor 2820, armature 1831 of relay 1806, con-
ductor 1832, armature 2343 of relay 2319, con-
ductor 2344 to a relay in the sender which oper-
ates as an indication that the primary and
secondary line switch hold magnets have oper-
ated.

Relay 2030 is a polarized relay with differen-
tially arranged windings so that normally the re-

lay will not operate on current that flows through

both windings in series. When relay 2507 oper-
ated as above described, it closed additional op-
erating grounds for relays {801 and 1805 and
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of any of the relays 2020 to 2029. It also pre-
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10

through the upper winding of relay 2030, inner
left front contact of relay 2507, conductor 1928,
key contact 1927, conductor 1414 to ground at
the front contact of select magnet 1455, This
ground through the winding of relay 2030 is
sufficient to hold magnets 1401, 1402, 1451 and
1452 and also to operate relay 2080 against the
opposition of the curent fiow through the lower
winding which is connected to ground over the
inner right contact of relay 2400, upper winding
of relay 2030 and thence to ground as above
‘traced. Relay 2030 will not operate if the sleeve

-- of the established connection is crossed with the

holding ground of another connection since for

15 this condition its upper winding is shunted and

" the lower winding receives additional current to
overcome the operating energy of the upper
winding. If relay 2030 does not operate, the
timing relays function to operate an alarm as

20 Will be described hereinafter.

Assuming that relay 2030 does operate, it re-

moves a shunt from the winding of relay 2510 and

. closes ground to its winding, causing relay 2510

to operate. Relay 2510 locks to ground at its

o5 middle left contact, prepares circuits for relays
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2425 and 2503 and connects ground over its inner
left contact, conductor 2511, key contact 1934,
conductor 1938, armature 2345 of relay 2319, con-
ductor 2346 to the sender to cause the sender
to connect ground directly to conductor 1417 to
hold the connection. The sender responds to
ground on conductor 2346 by transferring con-
ductor {417 from conductor 1422 to direct ground,
thereby opening the circuit of relay 2030 which
now closes ground over its normal left contact,
right front contact of relay 2510, left winding of
relay 2503 and battery.

Test of connection through line switches

With relay 2503 operated, the circuit of relay
2319 and magnet 1403 is opened at the inner left
back contact of relay 2503. Relay 2503 also opens
the circuit of relay 2502 at its outer left back con-
tact, disconnects ground from the operating cir-
cuit for the line hold magnet 1201 and locks to
ground over its inner right front contact and the
inner left contact of relay 2510. Relay 2502 in re-
leasing connects the right winding of relay 2503
over the left back contact of relay 2502 and the
outer right front contact of relay 2503 to con-
ductor 2508 which extends to the winding of the
line hold magnet and the sleeve of the sub-
scriber’s line. If the continuity of the sleeve
through the line link and group control circuit
is complete, a circuit will be closed from ground
at the lower front contact of magnet 1401, through
the district junctor circuit as previously traced to
sleeve conductor 1242, sleeve contacts of the
secondary and primary line switches, upper con-
tact of relay 1216, conductor 2632, armature 2631
of relay 2600, conductor 2250, outer front con~
tact of relay 2240, front contact of relay 2269,
second front contact of relay 2288 and back con-
tacts of the intermediate relays and relays 2282
and 2280, conductor 2628, armature 2627 of relay
2609, conductor 2822, inner left contact of relay
2800, conductor 1823, armature 1824 of relay 180§,
key contact 1931, conductor 2508, outer right
front contact of relay 2503, outer left back con-
tact of relay 2502, conductor 2512, key contact
1935, armature 1833 of relay 1808, conductor
1834, middle left contact of relay 2800, con-
ductor 2821, armature 2629 of relay 2600, con-
ductor 2630, outer right back contact of relay
{111, third right front contact of relay 1710, wind-

2,089,021

ing of the line control release relay (780 and
battery. Since the right winding of the sender
control release relay 2503 is also connected to
this ground, the release of both circuits de-
pends on the continuity of the holding ground
through the district junctor, and line switches.
If this fails, the timing relays function to oper-
ate an alarm. .

Release of line group and control circuit

Relay 1700 closes holding circuits for itself over
its right contacts to relays 1707, (704, 1715 and
1716, 1702, 1722, 1709 and 1118 to insure that it
releases last. It also closes ground over its

‘middle left front contact, conductor 1721, arma-

ture 2723 of relay 2700, conductor 2724, to the
left winding of relay 1601 and battery and over its
inner left front contact, conductor 1727, arma-
ture 2133 of relay 2700, conductor 2734 to the right
winding of relay 1601 and battery. Relay 1601
operates, opening the circuit of relay 1603 which
releases, in turn releasing relays 1607, 2600 and
2700. Relays 2600 and 2700 disconnect the line
control circuit from the line group circuit, there-
by releasing relay 1208 which opens the circuits
of relays 1215 and 1216 and of all select magnets
including magnet 12i1. - ’

Relays 2600 and 2700 also release relay 2800
which in turn releases relays 2805 and 2863. In
the line control circuit, the release of relay 2700
releases relays §710 and {104 which in turn re-
lease relays 1708, 1718, 1703, 2200 and 2240, while
the release of relay 2600 releases relays 2289, 2269,
1705 and {7122, With all of these relays released,
relay 1700 also releases and the line group and
control circuit returns to normal, provided no
other call in the line group is waiting for service.
. 'The cross-points set up in the line switches for
this call remain operated from ground on the
sleeve conductor 1242 supplied first from the
sender and later from the district junctor circuit
of Fig. 13. . ’

Traffic lock-out

If no calls are waiting in other horizontal

groups, relay 1206 releases after the call is set up.

‘When calls are waiting in other horizontal groups,
ground from the front contact of the relay corre-
sponding to relay (205 of those groups, holds re-
lay 1206 and prevents that group from placing any
more calls. As each group is served the corre-
sponding relay 1206 is operated and held. With
relay 1206 operated, relay 1205 cannot reoperate.
When there is no longer any operated relay like
relay 1205, those relays corresponding to relay
1206 for groups which have been served release
and waiting calls in groups already served may
be extended. ‘

Rotation of district group preference

When relay 1700 operates for the release of the
control circuit, it closes a circuit from ground at
its outer left contact, normal contact and wind-
ing of relay 1715, through resistance 1724 to
battery. Relay 1115 locks to ground at its inner
right contact, completing a circuit from battery
through resistance 1125, winding of relay (716, to
ground at the inner right contact of relay {115,
Relay 1716 does not operate being shunted by
ground from the outer left front contact of relay
1700 which is connected over the left back con-

‘tact of relay (116 to resistance 1725. When the

control circuit has restored to normal, relay 17060
releases and relay 1716 operates. These relays
remain operated throughout the next call. When
relay 1700 operates at the release of the next call,
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it connects ¢ro1md over its outer left contact and
the left front contact of relay 178 to resistance
17124 in shunt of the winding of relay {118, re-
leasing that relay but holding relay (718 oper-
5 ated over the normal contact of relay (745,
When relay 1788 releases relay 1118 also falls
... back,
‘fhe purpose of these relays is to prevent an
originatihg subscriber from always getting the
10 same district junctor and the same sender cir-
cuit during periods of light trafic. The circuit
is arranged to prefer two groups of district junc-
tors, each preferred alternately on successive calls.
- 'The circuits for operating the relays such as re-
15 lays 2800, 2808 and 2803 or 2804, which identify
the group of districts, are supplied over chained
contacts of the group relays 2280 to 2288 and are
introduced into the chain over contacts of relay
{718 so that relay 2280 is in preferred position
20 when relay 17115 is operated and relay 2282 is in
preferred position when relay (715 is normal.

Release of sender control circuit

When relay 2800 releases it removes ground

25 from conductor 2806, releasing the group relay
2000 which in turn releases relay 2315, opening
the locking circuit of relay 2020 and the operat-
ing circuit of relay 20ii.. However, relay 2011
is held operated over the second left front con-
30 tact of relay 2507. The release of relay 2803
releases relay 1462 and relay (4(5. When relay

1412 releases, the locking circuits above described .

for the test relays of the district group are closed
and relays 1801 and 1805 are held operated if
35 less -than two district junctors are available.
With relays 2800 and 1415 released, relay 1806
releases, disconnecting the control circuit from
this group circuit. Relay (806 opens the oper-
ating circuits of relays 180f and 1805 thus leav-
40 ing these relays dependent on relays 1818 and
* 1820. Relay 1808 also opens the locking circuit
of relay 2400, releasing the operated relays of
the group 2416 to 2419. With relays 2315 and
1806 - released relay 2318 also releases in turn
45 releasing select magnet {453, When magnet 1453
opens its contact it opens the holding circuit of
relay 2507 and that relay releases, since relay
2400 is also released.
With relay 2507 released, relays 20f{ and 2510
50 also release, finally restoring release relay 2503.
Relay 2503 in turn releases relay 2402 opening
the circuit of relay {800, which, however, is held
operated under the control of relays 1811 and
1819 if no district junctors are idle in the group
55 of twenty. Relay 2402 also releases relay 2500
to reset the timing relays for the next call.

+ Class of service indication

* Subscribers’ lines requiring the same class of
g0 service are placed in the same relative position
in each group of ten lines, so that the one of
the line test relays 2240 to 2248, operated by the
line is an indication of the class of service re-
quired by that line. The set of punchings 2815
65 which are grounded by the corresponding line
test relays are cross-connected to the set of con-

_ tacts 2817 so that a maximum of five classes of
. service indications may be passed into the sender
through the sender control circuit. While the
70 line control circuit and the sender control cir-
cuit are connected and connected to the sender,
this subscriber’s class indication is transmitted to
the sender. The circuit closed by -relay 2240,

. for example, may be traced from ground over the
75 fourth front contact of that relay; conductor

"second right contact of relay 2808,

—~key 1622.

o 13

226, armature 2117 of relay 2100, conductor
2118, cross-connecting. terminals 2818 and 28i8,
conductor

28(9, armature 1830 of relay (808, armature 2348 -

of relay 2319 over conductor 2339 to the selected
sender,

District frame indication

Likewise relay 2319 in operating connects

ground to conductors 2349 and 2340 to identify
to the sender the district junctor frame on which
the d_istrlct serving the call is located.

En'zergency operation
Two line groups are arranged to work as mates

so that if trouble develops in the control circuit -

of any frame, that frame may continue to oper-
ate, using the control circuit of its mate frame,
Under this condition the two mate frames use the
control circuit of one-of them as a common con-
trol circuit, calls being served alternately on the
two frames by the one control circuit shown in
Figs, 17, 22, 26, 27 and 28. The group circuits of
Figs. 12 and 16 are individual to the line group
while the connecting relays of Figs. 26 and 27
are individual to the control circuit. The dotted
rectangle of Fig. 21 is a convenient means of
indicating the relationship between the two
frames. All conductors entering the rectangle
must be considered as emerging at the mate
frame. In general, it may be said that the con-

- ductors from the control circuit extend directly

to the contacts of relays 2600 and 2700 and the
group circuit of the home frame, while they ex-
tend in parallel over contacts of relays, such as
relays 260f and 270f at the mate frame to the
mate group circuit. Conversely it may be said
that the conductors from the line group circuit
extend over contacts of relays 2600 and 2100
to the home control circuit and over contacts of
relays 2601 and 2701 to the mate control circuit.

When relay 1205 operated to ground the start
lead 1225 and operate relay 1603 it also connected
ground to interrupter 1600. When relay 2600
operates it also closes ground to conductor 1225

thus maintaining the ground on interrupter 1600

until the line is connected through fo the district
junctor and sender. When interrupter 1600
closes its left contact it operates relay 1614 which
locks to the start lead 1225 and prepares a cir-
cuit for relay 1615 which is completed if inter-
rupter 1600 closes its right contact before relay
1614 is released. Relay 1615 operates relay 1616
which locks under the control of key 16117, lights
lamp 1618 and operates an alarm over conductor

1619 and key 1620,

Relay 1615 also closes a circuit from battery
through the winding of relay 1621, left back con-
tact of relay 1604, inner right front contact of
relay 1615, left back contact of relay 160{, to
ground over key 1622. Relay 1621 locks over its
own front contact to ground on key 1622. With
relay 1621 operated and both control circuits
‘working, as indicated by the fact that relay 1602
‘of both the home and mate frames are released,
a circuit is closed which may be traced from bat-
tery through the right winding of relay 1601,
inner:left back contact of relay 1602 of the home
frame, third left back contact of relay 1602 of

the mate frame, right back contact of relay 1604, -

outer right front contact of relay 1615, inner
right front contact of relay 1621 to ground on
Relay 1601 opens the circuit of relay
1603 which releases, in turn releasing relays {607,
2600 and 2700, thereby disconnecting the frame
from the home control circuit, Since relay 1700
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has not been operated the control circult does

not return to normal. - . .
Wher interrupter 1600 leaves its right contact

relay 1615 releases, in turn releasing relay 1601,

5 Since relay (821 is locked, a circuit is closed from
" battery through the winding of relay 1602 of the
home frame, outer left back contact of relay 1602
of the mate frame, inner left back contact of re-
lay 1615, outer right front contact of relay 16214 to
10 ground on key 1622. Relay 1602 closes an obvious
circuit for relay 1604 which closes a holding cir-
cuit for relay 1602 to key 1622 independent of the
‘mate frame relay. Therefore, relays 1621, 1602
and 1604 are locked to key 1622, lamp 1627 being
15 lighted under the control of relay 1604. If con-
ductor 1225 is still grounded when relay 1601 re-
leases, relay 1603 recperates closing a circuit from
ground at its outer left front contact over the
outer right front contact of relay 1602 to the
20 winding of relay 1606 of the mate frame. This
relay operates the mate connecting relays 2601
and 2701 of the home frame, thereby connecting
the home frame to the mate control circuit. The
control circuit on the mate frame continues to
25 be used until key 1622 is operated. Since the
circuits of relays 1606 and (607 extend over the
back contacts of each other, the control eircuit
is allotted to the two frames on an alternate basis.

30 Sender control timing circuit

The principal function of relays 2608, 2520,
2521, 2513, 2514, 2031, 2405 and 2422 is to time
each call in order to dismiss the calling line link
and group control circuit within a short interval

35 if a trouble condition is encountered. These re-
lays also serve to record the number of such
trouble conditions and also operate an alarm
each time that such a condition occurs. Relay
2500 operates when battery is connected to its

40 left winding or when ground is connected to off-
normal conductor 2523. Relay 2500 prepares the
circuits for. holding relays 2031, 2513 and 25i4
during various intervals of the timing cycle and
connects battery to relays 2520 and 2521. .

45 - Interrupter 2525 intermittently grounds con-
ductor 2526. At the first closure following' the
operation of relay 2500, a circuit is closed from
battery through resistance 2518, middle left con-
tact of relay 2500, winding and normal contact

50 of relay 2520 to ground on conductor 2526. Re-
lay 2520 locks to ground at-its right contact and
closes a circuit from ground over its alternate
contact through the winding of relay 2521, inner
left contact of relay 2500 to battery through re-

b5 sistance 2517. Relay 2521 does not operate at
this time since the battery is shunted over its
normal contact by ground on conductor 2526.
When the interrupter opens its contact relay 2821
operates. At the next closure of interrupter 2528,

60 ground on conductor 2526 extends over the al-
ternate contact of relay 2521 in shunt of the wind-
ing of relay 2520 which releases, transferring the
circuit of relay 2521 to conductor 2526 so that re-

- lay 2521 remains operated until the interrupter

65 again opens its contact, at which time relay 2821

" also releases and relays 2520 and 2521 are ready
for another cycle. ‘ ‘

- At the first operation of relay 2521 a circuit is
closed from battery through the winding of relay

70 2513, back contact of relay 2031, left front contact
of relay 2521, to ground at the outer right contact
of relay 2500. Relay 253 locks over the right
back contact of relay 25i4, outer left contact of
relay 2500 to ground at the back contact of relay

75 2520, which releases while relay 2521 is held oper-

8,080,021

ated as above described. With relay 2513 held
operated, the release of relay 2521 closes a circuit
from battery through the winding of relay 2031,
left front contact of relay 2513, left back contact
of relay 2521 to ground at the outer right contact
of relay 2500. 'Relay 203/ locks to ground at the °
inner right contact of relay 2500. When inter-
rupter 2525 connects ground to conductor 2526
for the third time, relay 2520 reoperates, releasing
relay 2513 which extends the locking ground of 10
relay 2031 over the front contact of relay 2510 to
the winding of relay 2425. Relay 2425 receives
battery from the sender if the tip and ring con-
ductors are not completed properly and serves to
release the control circuit and record the condi- 15
tion on a meter. When relay 252 now operates,

a circuit is closed from battery through the wind-
ing of relay 2514, left front contact of relay 2031,
left front contact of relay 2521, to ground at the
outer right contact of relay 2500. Relay 2514 1ocks <0
to off-normal ground on conductor 2404, closes
circuits for relays 1801 and 1805, prepares circuits

for lamps 2515 or 2516 according as relay 2501 or
2807 is operated when the timing is completed,
lights lamp 2511, operates trouble meter 2528 and 2o
connects ground to conductor 2518 to operate the
trouble recording meter of the line link and
group control circuit being served at this time.

It also closes a circuit from battery through the
winding of relay 2422, key 2423, right back con- 30
tact of relay 2032, to ground at the second 'left
contact of relay 2514, Relay 2422 locks under
the control of key 2423 and sounds an alarm. .

" When ground on conductor 2526 again shunts __
relay 2520, that relay closes a circuit from ground 3%
at its left contact, left front contact of relay 2500,
outermost right front contact of relay 2514,
through the winding of relay 2405 to battery.
Relay 2405 releases relays 2289, 1705 and 17122 in
the line control circuit, thereby releasing relays 40
2800, 2805 and 2803 to disconnect the line control
circuit from the faulty sender  control circuit

@

-and thereby releasing the offnormal relays 2400

and 2402, and relay 2500 which opens the cir-
cuit of relay 2405. Relays 2405 and 2521 close 45
holding circuits for relay 2514 to prevent its pre-
mature release when ground is removed from
conductor 2404 snd to insure that the line con-
trol circuit is routed to another available sender
control circuit. When interrupter 2525 removes 50
ground from conductor 2526 relay 2521 releases
opening the holding circuit for relay 2514 which'

also releases. .
Holding sender control circuit in ‘trouble 55

In case of repeated trouble the sender control
circuit may be held off-normal to permit the
maintenance force to determine .the source of
trouble. When it is desired to hold the circuit, a
plug is inserted in jack-2424, transferring the 60
alarm circuit closed by relay 2422 from a minor
to a special alarm. A circuit is closed for relay
2032 over the lower contact of jack 2424 to ground
at the inner contact of relay 2422, relay 2032 hold-
ing the operated relay of group 2000 to 2004. The 65
middle contact of jack 2424 shunts the contact
of relay 2405 thus preventing the release of the
line control circuit until it times out and trans-
fers to the mate frame. ° o

False stafts

.As far as the sender control circuit is con-
cerned, there is no differénce between a trouble
condition wherein the tip and ring conductors
through the switches of the established connec-' 75

70
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‘tion are not closed properly and a normal “false

start” call wherein the tip and ring conductors. .

—.are closed momentarily to start a call and then
immediately opened-by the_calling subscriber.

5 On such false starts the closure Usuallycontinues

until after a sender has been selected-and_the

control cireuit dismissed while a trouble condition—

prevents the dismissal of the sender in the nor-
mal manner. However, if such dismissal does

10 not occur within the time measured by relays -

2520 and 2521 as above described, relay 2513 in
releasing operates relay 2425 to battery supplied
by the sender and this relay operates a meter
and also operates release relay 2583 to release the
15 line control circuit. An abnormal number of
such false starts recorded by a sender control
circuit indicates trouble in the tip and ring con-
nections.” The insertion of a plug in make busy
jack 1848 operates relay 1860, thus removing the
20 associated group of twenty districts from service
and permitting the adjustment of relays 1817,
1818, 819 or 1820 or switches 1400 or 1450. Simi-
lar jacks are provided for operating relays 23f1
and similar relays to remove a group of ten send-
25 ers from service. :
Relays 2420 and 2421 are used to control! the
sender link and control circuit when making an
automatic test of district junctors.

30 District junctor circuit

The district junctor relay circuit shown in
Fig. 13 has had no function up to the present
since the sender selectors 1409 and (450 connect
the tip and ring conductors from the secondary

35 line switch 1240 directly to the sender without
requiring the cooperation of the ‘district junctor
relays. .
The funection of this circuit has been described
in applicant’s copending application above re-
40 ferred to, hence the operation will be described
only briefly. '
- When the sender has received the office code
and has been connected to the decoder marker
§500 through cecoder marker connector {501, the
45 sender connects ground through the sender selec-
tors to conductor (309, operating relay {307. Re-
lay {1307 controls the connection of the decoder
marker 1500 with the district link and the district
junctor by way of the district connector circuit
50 1803. While the decoder marker is establishing
the outgoing connection over the district and
office links, it operates relay 13238 over conductor
1324 in the case of a charge call. Relay 1323
locks over its inner lower front contact and the
55 back contact of relay {31f to ground supplied
from the sender to conductor 1425. Relay 1307
is released when the decoder marker finishes its
operation.
The sender then controls the equipment at the
60 distant office over conductors 1313 and 1314 and

upon receiving the reverse battery signal which -

indicates the completion of its function connects

. ground to conductor 1318, completing a circuit
over the back contact of relay 1307 to the winding

65 of relay 1301 which operates and locks over the
back contact of relay 13i{l. Relay 1301 connects
the line to battery and ground through the wind-
ings of battery feed relay 1312 and removes the
battery from conductor 1304 by which the circuit

70 was marked idle. If also connects ground from
the back contact of relay 1311 to conductor 1242
in place of the ground from magnet 1401 and
closes a substitute holding ground for relay 1323.
When the sender is released from the district

75 junctor, the hold magnets 1401, 1402, 1451 and

15

1452 of the sender link release and relay (401
supplies ground to contacts of relays- 1312 and
1315,

The tip and ring conductors 313 and 1344
outgoing to the distant office are connected over
front contacts of relays 1301 to the winding of
relay 1315 and through condensers 1316 and 1317
to the calling line. When the called subscriber
answers, relay 1315 operates, connecting ground
from the back contact of magnet 1801 to inter-
rupter #318. If the connection is maintained for
a sufficient length of time, interrupter 1318 closes
its right contact operating relay 1306 which locks
under the control of relay 1315. When inter-
rupter 1318 closes its left contact it operates relay
1319, which locks under control of relay 1323.

If both subscribers release, relays 1312 and
1315 both release, and as soon as interrupter 1320
closes, relay 1302 operates over the back contact
of relay 1311, front contact of relay 1381, back
contact of relay 1312 to ground at the back con-
tact of magnet 1401. Relay 1302 locks over this
same circuit independent of the interrupter and
closes a holding cireuit for itself and an operat-
ing circuit for relay i31{ during the time that
interrupter 1321 is closed. Relay 1302 provides
a temporary busy ground to the line switch sleeve
conductor and a holding circuit for relays 1319
and 1323. Relay 1311 opens the holding circuit
of relay 1301 which in turn opens the lecking cir-
cuits for relays 1302 and 1323 so that these re-
lays also release when interrupter 1321 opens fol-
lowed by relays 1311 and 1319. .

As soon as relay 130§ closes its back contact,
a circuit is closed from battery through resist-
ance 1300, outer upper back contact of relay 1301,
outer upper front contact of relay 1302, upper
front contact of relay 1328, outer right front con-
tact of relay 1319 to conductor 1325 and through
the line switches to the subscriber’s message regis-
ter 123f. When relay 1302 releases the metering
bulse terminates.

I the called party disconnects but the calling
party is slow in disconnecting, the release by the
called party releases relays 1315 and 1306. ‘When,
thereafter interrupter 1322 closes, it completes a
circuit over the back contact of relay 1306, front
contacts of relays 1319, 1312 and 1301 and back
contact of relay 1311 to interrupter 1320, thereby
operating relay 1302 which functions as previous-
ly described. The release of relay 1301 opens the
circuit for relay 1312.

If the call had been directed to an operator’s
position where the talking battery is supplied
from the answering cord, the decoder marker
would have operated relay 131 as well as relay
1301 and the tip and ring conductors would be
connected through the junctor circuit independ-
ent of relays 1312-and 1318, In this case release
is under the control of the operator.

INCOMING CALL
Seizure of sender link and control circuit

In the case of g call incoming to the eross-bar
office, the distant office seizes an incoming junc-
tor such as shown in Fig. 58 and establishes a
bridge across the fundamental circuit in the
sender at the originating office. A circuit is there-
by completed from battery through the upper
winding of relay 5802, upper back confact of
relay 5801, tip contact of jack 5800, tip conductor
5819, over the bridge at the originating office back
to ring conductor 5820, ring contact of jack 5300,
lower back contact of relay 5801 to ground
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through the lower winding of relay 5802. At this

time ground is connected over the outer lower
back contact of relay 5805 in shunt of the lower

winding of relay 5802 and battery is connected
5 through resistance 5806 and the middle upper
back contact of relay 5805 in parallel with the
upper winding of relay 5802 to improve the oper-

ating conditions for the pulsing relay of the origi- .

nating sender circuit. Relay 5802 operates in
10 the circuit traced, connecting ground over its
front contact and the inner lower back contact of
relay 5805 to start conductor 5821 to summon a
terminating sender.
The incoming junctor is connected to the ter-
15 minating sender by means of a group of primary
and secondary cross-bar switches similar to those
connecting the district junctor with the subserib-
er’s sender. One hundred incoming trunks ap-
pear in ten groups of ten in the primary sender

20 selectors and thirty senders appear in three
groups of ten in the secondary sender selectors.
Three primary cross-bar switches are divided so
that for each group of ten incoming junctors
there are three verticals which are connected to

25 three sender links which are in turn connected
one to a vertical in each of the three secondary
switches. The link frame may be used al-
together. with full selector incoming junc-
tors or it may be used entirely with “B”

30 switchboard junctors in which case only “B”
senders are used. Or, if desired, the frame may
serve a combination of the two kinds of incom-
ing junectors, routing each to its own kind of
sender. This latter arrangement is described and

85 claimed in the application of W. W. Carpenter
et al.,, Serial No. 68,263 filed March 11, 1936.

] This link and control circuit, like the line group
and control circuit is arranged to act as an
emergency control circuit for an adjacent or

40 mate frame. The dotted rectangle 4300 of Fig.
43 has been used as a convenient means of indi-
cating the relationship between the two control
circuits, and as in the case of Fig. 21, all con-
ductors entering the rectangle emerge at the

45 mate frame.

Test for presence of idle link and sender

When relay 5802 connects ground to conduc-

tor 5821 it completes a circuit over the inner back

50 contact of relay 5121 which is individual to the

junctor of Fig. 58, back contact of primary hold

magnet 5125, conductor 5126, inner back contact

of relay 3509, conductor 3530, right back con-

tact of relay 5121, contact of jack 5147 to the

55 winding of group relay 5122 and battery. The

circuit of relay 5122 also extends in parallel over

the back contacts of the hold magnets individual

to the other two sender links which serve this

group of trunks and over the back contacts of the

60 corresponding sender group busy relays. Relay

5121 is operated if the control circuit is busy, hold

magnet $125 is operated if the corresponding

sender link is in use with another trunk and

relay 3509 is operated if all of the senders in the

¢5 corresponding group are busy. Therefore relay

5122 can only operate if the control circuit is idle
and an idle link to an idle sender is available.

Connecting junctor group to control circuit

Assuming that relay 5122 operates, at its
middle right contact it closes a holding ground for
itself over the contacts of magnet 5125 and relay
3509. It also connects ground over its outer right
contact and the left back contact of relay 4446
75 to the winding of relay 4452 to start the control

70

2,089,921

circuit functioning. With relay 4452 operated, a
circuit is closed from battery through the winding
of relay 4442, over the left back contact of relay
4450 or the inner left back contact of relay 4443
of the mate control circuit indicating that that
control circuit is functioning, inner right back
contact of relay 4450 and * .e outer right back
contact of relay 4443 of the home control circuit
to ground at the right front contact of relay 4452.
Relay 4442 in turn closes circuits from battery
through the windings of relays 5000 and 3600,
over its right contacts in parallel, over the right
back contact of relay 4445, conductor 4454 to
ground at the inner left back contact of relay
4228. Relays 5000 and 3600 connect the group
circuits to the home control circuit. Relay 4442
2is0 opens the circuit of relay 4445 to prevent
uiterference from the mate frame until the con-
trol circuit has completed its function. It also
connects ground over the outermost front contact
of relay 5000 to conductor 4454 to hold relays 5000

.and 3600 operated.

Choosing junctor group

With relay 5000 operated, an indication of the
group within which the calling junctor lies is
given to the control circuit. Ground from the
inner right contact of relay 5122 extends over
conductor §121, armature 5002 of relay 5000, con-~
ductor 5003, outer back contact of relay 4430 to
the winding of relay 4429 and over the normal

, contacts of the lower numbered group test relays

to battery at the back contact of relay 4420.
Relay 4429 closes a holding circuit to battery
at its inner upper front contact. If trunks in
other groups were calling their relays might also
operate, but preference is given to the highest
numbered group by reason of the chain wiring of
relays 4420 to 4429. Assuming relay 4429 oper-
ates, it extends its operating ground over its
lower front contact over the upper back contact
of relay 4410 to the winding of relay 4441 and
battery. Relay 4429 also closes a circuit from
ground over its outer upper front contact, arma-
ture 5004 of relay 5000, winding of relay 5120
to battery.
Choosing junctor -

Relay 5120 in operating connects the start leads
such as conductor 5821 through to the trunk test
relays 4400 to 4409, conductor 5821 extending over
armature 5128 of relay 5420, armature 5005 of
relay 5000, inner lower back contact of relay 4410
to the winding of relay 4400 and battery. It will
be noted that the start conductors of the ten
trunks of the group are connected together at
the contacts of relay 5121. Therefore the ground
from conductor 5821 also extends over other back
contacts of relay 5121 and front contacts of re-
lays 5120 and 5000 to the windings of relay 4409
and the rest of the trunk test relays. Each relay
locks to its operating ground independent of relay
4410. With all of the relays 4400 to 4409 oper-
ated, a circuit is closed from battery through the
winding of relay 5121, armature 5129 of relay
5120, armature 5006 of relay 5000, right back con-
tact of relay 4440, inner upper front contacts
of relays 4400 to 4409, inner right contact of
relay 4441 to ground at the middle lower front
contacts of all of the relays 42400 to 4809. Relay
5121 in operating locks over its right front con-
tact, armature 5142 of relay 5120, armature 5007
of relay 5008 to ground. It also disconnects the
multiple ground from the trunk relays and re-
leases relay 5622, Those relays, such as relay

10

20

30

40

50

55

60

70

%5




2,089,021

4400 - which correspond fo calling trunks remain
locked, but the remaining relays release.

The release of relay 5622 closes a circuit from
battery through the winding of relay 4440, arma-

5 ture 5008 of relay 5000, armature 5131 of relay
5120, back contact of relay 5122, armature 5132
of relay 5120, armature 5009 of relay 5000, outer
lower front contact of relay 4460 to ground over
the operating circuit of that relay. Relay #4440

10 locks in a circuit from battery through its wind-
ing, armature 5008 of relay 5000, armature 5531
of relay 5120, left back contact of relay 5122, ar-
mature 5132 of relay 9120, armature 5008 of relay

: 5000, to ground at the fifth left contact of re-

15 lay 4440. With relay 4440 operated a circuit is
closed at its fourth left contact for relay 4430.
Relay 4430 opens the operating circuits of the
group relays 4420 to 4429, leaving the highest
numbered operated relay, in this case relay 4429,

20 locked over the inner front contacts of relay 4429,
outer right contact of relay 4441 to ground at
the middle lower contacts of the operated trunk

- test relays. When relay 4440 operates it closes
a substitute holding circuit for relay 4429 which

25 may be traced from battery over the inner up-
per front contact, winding and lower front con-
tact of relay 4429, middle right front contact of
relay 4440, armature 5011 of relay 5000, armature
5134 of relay 5120, back contact of hold magnet

30 5128, conductor 5126, inner back contact of relay
3509, conductor 3530, armature 5133 of relay 5120,
armature 5012 of relay 5000, to ground at the
third left contact of relay 4440. Parallel holding
circuits extend over the other hold magnets and

35 sender group relays serving the group. There-
fore if all links or all sender groups become busy,
relay 4429 releases, in turn releasing the group
relay 5/20 to normal so that other calling junc-
tors may be served.

40 Relay 4440 also closes a locking circuit for the
preferred trunk relay 4480 which extends over
the inner and outer lower front contacts of re-
lay 4400 to ground at the outer left front contact
of relay 4440. This locking circuit prefers the

45 lowest numbered relay, the higher numbered re-
lays locking only over the back contacts of the
lower numbered relays. However, if higher num-
bered relays were operated at this time they would
remain locked to ground on the corresponding

50 start lead.

Relay 4430 also closes an obvious circuit for
relay 44(0 which opens the operating circuits of
the trunk test relays. Relay 4410 also opens the
circuit of relay 4441 which releases, but due to

55 its slow to release characteristic, on.y after an
interval. Relays 4430 and 4410 in operating pre-
vent the operation of any further group and
trunk relays should additional calls be received.

Operating select magnet of primary sender
60 - selector

Relay 4410 also closes a circuit for the select
magnet corresponding to the preferred trunk in
the primary sender selector. This circuit may
be traced from ground at the middle left back
contact of relay 4228, conductor 4230, upper
front contact of relay 4410, outer upper front
contact of relay 4480, armature 5010 of relay
5000, winding of primary select magnet 5110 to
_. battery. If relay 4408 had been the trunk relay
0 operated, select magnet 5119 would have been

chosen.

Test for idle sender group and link

In the meantime the control circuit has been
75 testing for a sendelj group and sender. Since

G5
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this is a full mechanical incoming trunk, group
relay 5120 connects ground over its armature
5135 and armature 5013 of relay 5000 to con-
ductor 5014 and the winding of relay 4226. When
trunks incoming from mechanical and manusl
offices are both served, a relay similar to relay
422§ is provided for manual trunks and is oper-
ated from the group relays belonging to such
trunks. With relay 4226 operated the three
sender groups are tested to determine whether
the link serving the calling trunk group is idle
and whether there are two or more senders idle
in the group. One such test circuit may be
traced from ground at the left back contact of

“the link hold magnet 5125, armature 5136 of re-

lay 5120, armature 5015 of relay 5000, conductor
5016, inner right back contact of relay 4221,
right winding of relay #4202, left back contact
of relay 4221, middle left front contact of relay
4226, conductor 4231, armature 3610 of relay
3608, right back contacts of relays 3502 and 3505,
outer left back contact of relay 3510 to battery
over the inner left back contact of the next
lower unoperated relay in the chain. A similar
circuit is closed over the outer back contact of
each unoperated relay except relay 3519 to bat-
tery over the inner left contact of the next un-
operated relay in the chain. Where operated
relays intervene, the chain is extended to the
following relay. This relay arrangement is dis-
closed and claimed in the application of A. J.
Bucch, Serial No. 68,240, filed March 11, 1936.
Relays 3510 to 3519 are individual to the ten
senders in one group and are operated when the
corresponding sender is busy as will be described
hereinafter. N E

Circuits similar to the ome traced for relay
4202 are closed for relays 4281 and 4200 if the
corresponding link and sender group are avail-
able. Assuming that relay #4202 is operated, a
circuit is closed from ground through the winding
of relay 3602, armature 3612 of relay 3600, outer
right front contact of relay #4202, left back con-
tact of relay 4218, conductor 4232, inner right

front contact of relay 4448, conductor 4455, right

back contact of relay 4228, resistance #4229 to
battery.

Seizing sender group

Relay 3602 is individual to the group of senders
represented by relay 4202 in this link circuit.
A similar relay (not shown) is provided for each
of the other sender groups. Relays 3603 and
3604 belong to the same sender group as relay
3602 but are a part of other link circuits. These
relays are arranged in a lock-out chain in order
to individualize the sender group to a particular
link circuit and to prevent interference from
other link circuits. In this case the link cir-
cuit shown has the preference for the sender
group shown and relay 3602 in operating opens
the circuits of relays 3603, 3604, etc. releasing
any which may have attempted to operate. With
relay 3602 operated a locking circuit is closed
for relay 4202 which may be traced from bat-
tery through the left winding and over the inner
left front contact of relay #4202, armature 3611
of relay 3600, outer left front contact of relay
3602, back contacts of relays 3603, 3604, etc. to
ground. This same ground is extended over the
inner left front contact of relay 3602, armature
3613 of relay 3600, to the winding of relay 4221
and battery. A circuit is also closed from ground
at the middle right contact of relay 3602 to the
winding of relay 3502 and battery. Relay 422!
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lays 3524, 3529, etc. to battery. Relay 3520 op- -

opens the operating circuils of relays 4285, #201
and 42082, causing relays 4200 and 6281, for which
no locking circuits have been provided, to release.

Reserve sender group itest

When relay 4441 closes its back contact, a cir-
cuit is closed from ground at the left back con-
tact of relay #4441, outer right front contaet of
relay 4440, conductor 4456, winding of reley 42217

16 to battery. If none of the relays 4200, 420! or
4202 has operated by this time, relay #2217 trans-
fers their circuits from the regular test over back
contacts of the sender relays 3510 to 3519, io
the reserve test to battery over the back contacts

15 of relays 3502 and 3505 and the similar relays
of the other sender group circuits. Relay 3505
is operated over the outer left front contacts of
relays 3510 to 3519 when all of the senders of
the group are busy, thereby opening the circuit

20 of the corresponding sender group relay. There-
fore for groups having a single idle sender re-
lay 3505 will now be unoperated and such a
group may be selected. The operation of relay
3502 from relay 3602 when the regular test is

25 satisfied cancels this reserve test, although relay
4221 is operated.

Seleciion of idle sender

‘With relays #202 and 3602 operated and locked,
30 the control circuit is ready to select an idle sender

in the selected group. A circuit is first closed .

from ground over the middle lefi contact of re-
lay 4221, inner left back contacts of relays 4200
and 420i, outer and middie left front contacts of

5 relay #4202, armature 3614 of relay 3600, outer
right contact of relay 3602, winding of relay
3500 to batiery. Relay 3500 connects the cir-
cuits of the selected group of senders to the con-
trol circuit. )

Relay 3500 connects ground to conductors 3531,
3532, 3533 and 3534. These conductors extend
in multiple to the ten senders of the group but are
ineffective until a2 sender has been seized. Con-
ductor 3531 controls relays 3019 which reverses the

45 girection of current flow over the contact of the
stepping relay 3000 for calls received over part of
the link circuits in order to save wear on the
contact. Conductor 3532 supplies holding ground
to the sender until after the off-normal relay 3700

50 has operated. Conductors 3533 and 3534 carry
the identity of the trunk group to the sender for
transmission to the marker.

Operating select magnet of secondary sender
55 selecior .

Relay 3500 also closes a circuit from batiery
through the winding of relay 3508, armature

3535 of relay 3500, conductor 3536, armature’

3615 of relay 3600, to ground at the outer left
0 contact of relay 4226. With relay 3508 operated
the circuits for selecting a sender are closed.
Each trunk prefers a different sender so-that
relays 3600, 3500 and 3508 connect ten prefer-
ence leads from the trunk relays 4400 to 4409
65 throygh the windings of the ten sender selecting

Telays 3520 to 3529 to contacts of the sender busy -

relays 3510 to 3519. Since trunk relay 4400 was
operated, the circuit closed at this time extends
from ground at the inner left front contact of
70 relay 4440, middle upper front contact of relay
4400, conductor 4457, armature 3616 of relay 3600,
conductor 3617, armature 3537 of relay 3580, in-~
ner right contact of relay 3508, right back contact

of relay 3510, assuming this sender to be idle,

5 winding of relay 3520, left normal contacts of re-

. erates and locks to baltery at its inner left con-

tact and to ground over its outer right contact
and the inner contact of relay 3560. If connects
ground over its middle right contact to the wind-
ing of relay 3502 o hold that relay operated. At
its outer lefi contact it closes a circuit from
ground over armature 3538 of relay 3580, conduc-
tor 3539 to the winding of the secondary select
magnet 5100 individual to the selected sender.
At the same contact it connects ground to con-
ductor 3542 and the winding of relay 3716 to in-
form the sender that it has been selected. Re-
lays 3524, 3529 etfc., if operated, also open the
battery chain to the lower numbered relays to
prevent the false operation of one of them when
the sender busy relay is operated as will be de-
scribed later. Relay 3520 also connects ground
over its inner right contact, armature 3549 of
relay 3500, conductor 3841, armature 3618 of
relay 3500, to the winding of relay 4225 and
battery.

‘When relay 3500 operated, relay 4217 was con-

.- nected in paraliel over the four left back con-

tacts of relay 4218, the four outermost arma-
tures of relay 3600, armatures 3543 to 3546 of re-
lay 3800 to conductors 3547 to 3550 leading in
multiple to the group of senders to test them for
the presence of false ground. If any one of these
conductors is grounded falsely relay 4217 operates,
opening the circuit of relay 4216 and blocking the
progress of the call. ’

Operating sender selector

If relay 4217 does not operate, the operation of
relay 4225 closes a circuit over the back coniact
of relay 4217 for relay 4216 which disconnects
relay 4217 from conductors 3547 tc 3550. With
relay 42i6 operated, a circuit is closed for hold
magnets 5124 and 5125, belonging to the link
circuit serving the calling trunk and selected
sender, over the back contact of relay 5123, arma-
ture 5137 of relay 5120, armature 5017 of relay
5000, conductor 5018, middle right front contact
of relay 4200, through the winding of relay 4215
shunted by the outer right back-contact of relay
4220, inner right front contact of relay 4216,
to ground at the inner right back contact of
relay 4224. Magnets 5124 and 5125 operate,
closing the cross-points prepared by select mag-
nets 5100 and 5110. When magnet 5124 closes
its cross-point, the operating ground for the
magnets is extended over armature 5145 of the
secondary selector, conductor 5146, to the sender.

Test of sender holding circuit

‘When relay 3520 connected ground to conductor
3542 the circuit extended through the right wind-
ing of relay 3716, left back contact of relay 3700,
inner right back contact of relay 3104 to bat-
tery through resistance lamp 3765. Relay 3716
operates, elosing a holding circuit. from battery
through its left winding and inner right front
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contact to conductor 3542, This holding cireuit -

also extends from the right front contact of re-
1ay 3716, over the lefi back contact of relay 3114,
to the winding of relay 2928 and battery. With
relay 3716 operated, conductor 5146 extends over
middle right front contact of relay 3116, con-
ductor 3550, armature 3546 of relay 3500, arma-
ture 3619 of relay 3600, left front contact of relay
4216, winding of relay 4220 and battery. Relay

. #220 opens the shunt around the winding of relay

4215 and relay 4215 operaies, provided there is
no false ground on the sleeve conductor of the

70
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sender link. Such a ground, while holding the
hold magnets and relay 4220 would be in shunt
of the winding of relay 4213, preventing its oper-
ation and blocking the call.

Assuming relay 4215 operated, it closes an ob-
vious circuit for relay 4214 which locks under the
control of relay 4221, Relay 4214 connects
ground over the outermost contact of relay 3600,
armature 3543 of relay 3500, conductor 3541, mid-
10 dle left contact of relay 3716, winding of relay

3700 and battery. Relay 3700, at its third left

contact connects ground to the winding of relay

3510, marking this sender busy to this and other

link circuits. Relays 3700 opens the operating
15 circuit of relay 3116 but that relay holds through

its left winding and over conductor 3542,

Frame regisiration

[+

In the meantime, with relay 2920 operated, the

20 incoming frame is identified to the sender by

ground connected to conductors 3533 and 3534 as

previously deseribed. Ground on conductor 3534

operates relay 2921 over the seventh right contact

of relay 2920 while ground on conductor 3533 op-

25 erates select magnet 2010 over the fourth left
contact of relay 2920.

The register of the terminating sender com-
prises a cross-bar switch similar to that described
in the application of R. Raymond above identi-

30 fied. When magnet 2910 operates, it extends its
operating ground over its front contact to the
winding of relay 3007 which in turn closes a lock-
ing circuit for itself and magnet 2910 over its in-
ner front contacts and the back contacts of relays

35 3014 and 3021 in parallel, conductor 3128 to
ground af the inner leff contact of relay 3700.

Relay 3007 closes. a circuit frombattery through
resistance 3013, winding and normal contact
of relay 3012, middle right front contact of relay

40 3007, conductor 2923, to ground at the fourth
right contact of relay 3700. Relay 3012 prepares
a circuit from battery through resistance 301,
winding of relay 3010, left alternate contact of
relay 3012 to grounded conductor 2923 but relay

45 3010 cannot operate as long as relay 3007 remains
operated since it is shunted over its left back
contact by the operating circuit of relay. 3012.
With relay 3012 operated a circuit is closed from

battery through the winding of relay 3714, inner

50 right front contact of relay 3012, to ground at
the middle left front contact of relay 3510. Re-
lay 3714 locks to ground at the outer right front
contact of relay 3700 and closes a holding circuit
for relay 3780 over the right normal contact of

55 relay 37101. Relay 3714 also closes ground from
its fourth left contact over the right normal con-
tact of relay 37107, innermost left contact of relay
3114, outer left contact of relay 3116, conductor
3549, armature 3545 of relay 3500, armature 3620

60 of relay 3600, left back contact of relay 4224,
outer right contact of relay 4214, winding of re-
lease relay 4228 and battery. Relay 3714 also
extends this same ground over its second left con-
tact and the back contacts of relays 3717 and

G5 3718 in parallel to conductor 5146 to hold the
hold magnets 5124 and 5125 operated. In addi-
tion relay 3714 releases relay 2920.

Release of control circuit

70  Release relay 4228 locks under the control of
relays 4223, 4221, 4221, 4216, 4440 and 4441 if
operated, to insure that it remain operated until
the link circuit has restored to normal. It also
connects ground over its left front contact, con-

75 ductor 4283, armature 5019 of relay 5000, con-

19

ductor )20, inner right back contact of relay
4443, winding of relay 4446 and battery. Relay
4446 iocks to ground at the left front contact of
relay 4452, opens the circuit of relay 4452 and dis-
connects ground from conductor #4458, thereby
terminating the timing operation. Relay 4452
releases relay 4442 which in turn releases relays
5000 and 3600, disconnecting the sender and
group circuits from the control circuit. The re-
lease of relay 5000 in turn releases group relay
5120, select magnet 5110, relay 4440, the group
test relay 4420 and trunk test relay 4400, as weill
as relays 4410 and 4430. Relay 3600, in releasing,
restores the lock-out relay 3602, sender group
connect relay 3500, sender test relay 3520, relay
3502 and relay 3508, also sender group test relay
4200, and the remaining operated relays of Fig.
42, relay 4228 releasing last.

Relay 5121 releases following the release of
relay 5120 if no calls are waiting in other groups.
When calls are waiting in other groups, the cor-
responding group start relay 5122 is operated,
grounding conductor 5141, which is common to

“all groups, and thereby holding relay 5121 oper-

ated and preventing the extension of a new call
in this group until other waiting groups have
been served.

The trunk of Fig. 58 is now connected over the
primary sender selector 5130 and secondary send-
er selector 5/40 to the terminating sender which
is shown in Figs. 29, 30 and 37.

Emergency operation of comtrol circuit

Before proceeding to a description of the op-
eration of the sender, the operation of the link
control circuit in connection with a mate frame
will be described. When conductor 5141 is
grounded, this ground extends over the right back
contact of relay 4446 to conductor 4458 and an
interrupter. After an interval the interrupter
grounds conductor 4459, operating relay 4453
which locks to conductor 4458. After a further
interval of about 6 seconds the interrupter con-
nects ground to conductor 4460, completing a cir-
cuit over the left contact of relay 4453 to the
winding of relay 4441 and battery. Relay 4441
also locks to conductor 4458, lights lamp 4448,
grounds conductor 4461 leading to the trouble
desk and operates relay 4443 over the left contact
of key 4444. Relay 4443 opens the operating cir-
cuits. for relays 4442 in both the home and mate
control circuits and the circuit of relay 4445 and
transfers the circuit of relay 4446 from control
by the sender relay 3700 and the release relays

4228 and 3707 to the transfer relays 4450 of the !

home and mate frames. In addition, relay 4443
closes a circuit for relay 4450 which is effective if
the transfer relay 4450 and start relay 4452 of
the mate control circuit are idle. The circuit
may be traced from battery through the winding
of relay 4450, over the outer right back contact
of the mate relay 8450, left back contact of mate
relay 4452 to ground at the inner right contact
of relay 4443. Relay 4450 locks over its outer

left contact to ground over key 4451 and there-~

fore remains operated until released manually
by the operation of key 4451. Relay 4450 further
opens the circuit for mate relay 4442, operates
relay 4446, lights lamp 4449, extends the start cir-
cuit from the front contact of relay 4452 to the
winding of mate relay 4445, and opens the circuit

of mate relay 4450,

Relay 4442, if operated, releases, in turn re-
leasing relays 5000 and 3600. The operation of
relay 4445 disconnects ground from conductor
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8458, releasing relays 4453, 4487 and 4443.
‘When relay 4443 releases, mate relay 4445 oper-
ates, locking independent of mate relay 4442,
opening the circuits of mate relays 3600 and 5000
and closing circuits from battery through the
windings of relays 5004 and 36614, over the right
front contacts of mate relay 4445, mate conduc-

tor 4454, to ground at mate relay 4228. Relays

5004 and 3601 connect this group circuit to the
mate control circuit. If, in the meantime, a call
comes in on the mate frame, relay #4442 of that
frame will be operated and when relay 4445 is
released at the completion of the previous call,
immediately seizes the control circuit for that
frame. :
Timing for sender connection

In the control circuit, relay §221 operates as
soon as the control circuit is associated with a
group of senders. Relay 4221 at its inner right
contact connects interrupter 4222 to conductor
4234, thereby grounding that conductor at half
second intervals. Relays 84210 and 4211 function
in the well-known manner, relay 42{f operating
at the beginning of the first pulse and relay 42i0
operating when ground is removed. Relay 4241
releases at the beginning of the second pulse and

. relay 4210 at the end, the cycle repeating as long
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as the ground pulses continue. If the circuit has
not released when relays 421 and 4216 have op-
erated and relay 4210 has released, a circuit is
closed from battery through the winding of relay
4218, outer right back contact of reiay 4224, inner
left back contact of relay 4220, right front con-
tact of relay 42190, left back contact of relay 42114,
conductor 4235, armature 5024 of relay 5000, con-
ductor 5022 to ground over the right contact of
key 4444, Relay 4218 locks under the control of
release relay 4228. Relay 4268 opens the circuit
of relay 3602, releasing the selected group of
senders. ' Relay 4218 also closes a circuit from
battery through the winding of relay #4223, left
front contact of relay 4218, left contact of relay
4225, to ground at the right back contact of relay

. 8216. Relay 4223 also locks to the back contact
of relay 4228. 1In selecting a sender group, the

preference lead coming into the control circuit
over conductor 4232, normally extends over the
back contact of relay 42{8 to the armature of
relay 4202, With relays 4218 and 4223 operated
this preference lead is extended over the front
contact of relay 4223 to the armature of relay
4200, thus endeavoring to seize a different sender
group.

Relays 4210, 4211, 4218 and 4223 are permitted

2 to function if, because of false grounds relay 4217

operates as previously described, or if because
the cross-points fail to close properly, relay 4220
does not operate. If relay 4220 operates, but be-
cause of double connections relay 4215 does not
operate, when relay 8211 falls back, the circuit
traced to relay 4218 extends over the left front
contact of relay 4220 to the winding of reiay 4224,
which locks under the control of relay 4221, Re-
lay 4224 closes a circuit from battery through

2 the winding of relay 5123, conductor 5139, arma-

ture 3621 of relay 3680, inner right front contact
of relay 4202, middle left front contact of relay
4224, to ground at the left back contact of relay
4214. Relay 5123 opens the circuits of hold mag-
nets 5123 and 5124 opening the corresponding
cross-points and disconnecting ground from relay
4220 which releases. It also connects ground
over its left contact, conductor 5138, armature
3622 of relay 3600, cuter left back contact of relay
4220, inner left front contact of relay 4224, to the

2,088,021

winding of relay 4218 and battery. Relay 429
operates and locks under the control of relay £221.

Relay 4219 connects ground over its inner left
contact, armature 3623 of relay 3600, armature
3544 of relay 3500, conductor 3548, outer right
front contact of relay 3746, to the right winding
of relay 3707 to release the sender as will be de-
scribed later. It also connects ground over its
middle left contact, outermost armature of relay
3600, armature 3543 of relay 3500, conductor 3547,
middle left contact of relay 3716, winding of relay
3700 to battery, holding that relay and relay
3714 operated and passing ground over the inner
right front centact of relay 3798, second left con-

" tact of relay 3714, back contact of relay 3747 or

3718, middle right front contact of relay 3716,
conductor 3550 and thence as previously traced
to the winding of relay 4220 and battery. Relay
4220 closes a circuit for relay 4218 over the outer

left contact of relay 8219, inner right and left 2

contacts of relay 4220 to the right front contact
of relay 4210 and theace to ground as described
above when relays 4210 and 4211 reach the proper
point in their cycle. Relay 4218 functions as pre-
viously described to release the sender group se-
lection relays and to bring about a second trial,

If the sender is selected and otherwise oper-
ates correctly but fails to send a release signal
to the link within the preseribed length of time,

‘the functioning of relays 4210 and 4211 will bring

about the operation of relay 4228 as described.
If relays 4228, 4215 and 42{4 have been oper-
ated, when relay 4210 releases after operating
relay 84224 it closes ground over its back contact,
outer left front contact of relay 4224, outer right
front contact of relay 4224, right front contact
of relay 42{4, winding of relay #4228 to battery.
Relay 4228 functions in the usual manner to re-
lease the link control circuit. If relays #2280,
4215 and 4214 do not operate, the call is trans-
ferred to the mate control circuit.

Sender operation

Returning now to the sender, it will be remem-
bered that the selection of the sender by the
link circuit caused the operation of relays 3716
and 2928 and, when the link had checked the
sleeve lead, relay 3700 was operated. Relay 3700
in turn operated the sender busy relay 3510.
Magnet 2910 in operating to record the frame
indication closed a circuit for relay 30071 which
in turn operated relay 3042 and, with relay 3510
operated, operated relay 3714 which closed hold-
ing circuits for relay 3700 and hold magnets
5124 and 5125 over the back contacts of relays
3741 and 3718 and operated the link release
relay 4228. The release of the link is made de-
pendent on the frame registration as a check
on that operation. g -

Relay 3714 in operating opens the circuit of
relay 2920, and the link circuit in releasing re-
leases relay 3716. When relay 3780 has oper-
ated, relay 3007 holds over its inner front con-
tacts and the back contacts of relays 30({4 and
3021, to ground on conductor 37128 from the in-
ner left front contact of relay 3180. When relay
3012 operates as previously described, a circuit is
closed from battery through the winding of the
frame hold magnet 2901, back contact of magnet
2996, right back contact of- relay 3010, outer

- right front contact of relay 3012, right winding

of relay 3014, conductor 3720, to ground at the
third left contact of relay 3714. The left wind-
ing of relay 3014 is connected in parallel with
magnet 2901 but relay 3014 is differential to
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this condition and does not operate. Magnet
2901 does operate, locking over its inner contact
and conductor 2923 o ground at the fourth right
contact of relay 3100. This locking ground

5 shunts the right winding of relay 3014 permit-
ting that relay to operate, opening one point in
the locking circuit of relay 3007 and magnet
2910. .

As soon as the cross-point of the primary and

10 secondary link switches 5130 and 5148 have been
closed conductors 3722 to 3726 are connected
through to conductors 5822 to 5826 respectively.

¢ At this time battery through the winding of
relay 3015 is connected over the inner right back

15 contact of relay 3701, fifth left contact of relay

3100, and conductors 3726 and 5826 to the in-

coming conductor 5819 in parallel with battery

through the upper .winding of relay 5802.

Ground through the winding of stepping relay

3000 is connected over the left back contact of

relay 3701, fourth left contact of relay 3700 and

conductors 3725 and 5825 to incoming conductor

§820 in parallel with the lower winding of relay

5802. However relay 3000 is shunted by ground

25 at the outer lower back contact of relay 5805, at
the right back cofitact of relay 3021 and at the
left back contact of relay 3706 and therefore re-
mains ineffective at present. Relay 3015 is also
shunted by battery through non-inductive re-

30 sistance 3727 over the outer right back contact
of relay 3706 in order to permit the current in
the branch circuit to build up rapidly and to
prevent a false release of the stepping relay of
the originating sender. .

35 When relay 3700 operated, grounding conduc-
tor 2923, it completed a circuit from battery
through resistance 3103, winding of relay 3704,
to grounded conductor 2923. When relay 3716

_ releases a circuit is closed from ground at the

40 right back contact.of relay 3716, outer left and
inner right front contacts of relay 3704, outer
left front contact of relay 3700, conductors 3724

20

and 5824 to battery through the winding of re--

lay 5801. Relay 5801 disconnects the windings
45 of relay 5802 from the incoming trunk, to im-
prove the operating conditions for relay 3015.

Signal to originating sender

When relay 5801 operates, relay 3015 oper-
50 ates in series with the stepping relay in the send-
er at the originating office and closes a circuit
" from battery thrcugh the winding of relay 3708,
outer left front contact of relay 3007, outer left
back contact of relay 3021, middle right back
55 contact of relay 3784, to ground at the contact
of relay 3015. Relay 3706 locks to the front
contact of relay 3015, closes an obvious circuit
for relay 3021 and disconnects battery through
resistance 37271 from in parallel with the wind-
60 ing of relay 3015 whereby it aided in the operation
of the stepping relay of the originating sender.
Relay 3021 locks to ground at the outer right
contact of relay 3807 and opens the holding cir-
‘cuit of relay 3087 which now releases. When
65 relay 3037 releases it opens the shunt around
the winding of relay 3040 and that relay operates
under the control of relay 30i2. With relays
3021 and 3706 both operated the shunts are re-
moved from the winding of relay 3000 and that
70 relay operates in series with relay 3015 and the
relays of the originating sender. i
It will be remembered that relay 30{9 was op-
crated over conductor 3531 from the link circuit.
‘This relay locks to ground at the outer right con-
75 tact of relay 3700 and reverses the connection

21

of ground to the contg.cts of relay 3080 for this
call. Other link circuits do not ground con-
ductor 3531 and the relay remains normal.
‘When relay 3000 operates it closes a circuit
from ground over the outer right front contact
of relay 3019, front contact of relay 3000, left
front contact of relay 3019, left back contact of
relay 8018, winding of relay 30f6 and battery.
Relay 3016 closes a locking circuit for itself from

battery through its winding, left winding of re-.

lay 3018, back contact of relay\ﬂl'l, front con-
tact of relay 3016 to ground at the third right
contact of relay 3021. Relay 3018 cannot oper-
ate being shunted by the operating circuit of re-
lay 3016. With relay 3018 unoperated, ground
from the second right contact of relay 3021 is
connected over the back contact of relay 3018
to conductor 3022 but is ineffective until after
relay 3001 has operated.

Transmission of revertive pulses

Relay 3000 also opeérates relay 3008 through
the network 3009 which makes relay 3008 slow
to operate to insure the operation of the step-
pring relay at the distant sender. Relay 3008
In operating closes ground to the winding of re-
lay 8015 in shunt of the relays at the originat-
Ing sender and relay 3000. Relay 3000 thereupon
releases, opening the cireuit of relay 3008 which
releases in turn and opens the shunt around re-
lay 3000. Relays 3000 and 3008 therefore co-
operate to transmit a series of revertive pulses to
the originating sender. When relay 3000 releases
for the first time relay 3018 operates transfer-
ring this ground to conductor 3023. It also pre-
pares a circuit from battery through the wind-
ing of relay 3017, right winding and left front
contact of relay 3018 to the front contact of re-
lay 3000. When relay 3000 reoperates this cir-
cuit is closed, holding relay 3018 and operating
relay 3017. The operation of relay 30{7 opens the
locking circuit of relay 3016 and that relay re-
leases. Therefore, when relay 3000 releases the
second time relays 3017 and 3018 both release and
ground is transferred back to conductor 30622.

Pulse recording

The number of pulses to be transmitted is con-
trolled in the usual manner by the distant sender
where the fundamental circuit is opened when
sufficient pulses have been received, thereby pre-
venting the reoperation of relay 3000. The num-
ber of pulses transmitted is recorded in the ter-
minating sender by the alternate grounding of
conductors 3023 and 3022,

The first pulse, grounding conductor 3023, com-
pletes a circuit over the left back contacts of re-
lays 3004, 3002, and 3003 and the right back con-
tact of relay 3005 to the winding of relay 3001
and battery. Relay 3001 operates, locking over
the normal contacts of relays 3002, 3003, 3004
and 3005 over conductor 3024 to ground at the
outer right front contact of relay 3021 or the
outer left front contact of relay 3706, or over
the normal contact of relay 3007 and conductor
3720 to ground at the third left contact of re-
lay 3714. .

The second pulse during which conductor 3022
is grounded, closes a circult over the inner left
front contact of relay 3001, to the winding of
relay 3002 and battery. Relay 3002 locks over
its right alternate contact and the normal con-
tacts of relays 3003, 3004 and 3005 to grounded
conductor 3024, Relay 3002 opens its normal
contact, thereby releasing relay 3001.
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Af the third pulse, ground on conductor 3023
completes a circult over the left back confact of
relay 30804, outer left front contact of relay 30062

" to the winding of relay 3003 and battery. Relay

5 3003 locks over its alternate contact and the
normal confacts of relays 3004 and 30605 to
grounded conductor 302 and opens the holding
circuit of relay 3002. e -

The second grounding of conductor 3022 dur-

10 ing the fourth pulse closes a circuit over the left
front contact of relay 3003 to the winding of re-
lay 3004 and batfery. Relay 3004 locks over the
normal contact of relay 3805 and releases relay
3003.

13 The fifth pulse which grounds conductor 3023
for the third time causes the operafion of relay
3005 over the left back contact of relay 3606 and
the oufer left front contact of relay 3004. Relay
3005 locks over the back contact of relay 300i

20 and its own alterate contact to conductor 3024
and releases relay 3004. :

A sixth pulse extends a circuit from battery
through the left winding of relay 3006, outer Ieft
front contact of relay 306058 to ground over con-

25 ductor 3022. Relay 3006 locks through its right
winding directly fo conductor 3024.

The next four pulses operafe relays 300 to
3004 in the manner described, relays 3005, 3001,

3002 and 3003 releasing in turn so that for pulses -

-30g¢, 1, 8, 9 and (0, relay 3886 is operafed in com-~
‘bination with relays 3005, 300(, 3802, 3003 and
3004 respectively. Relays 3001 to 3005 when op-~
erated alone prepare circuits for the register
select magnets 2910 o 2914 respectively and when
operated in conjunction with relay 3006 prepare
circuifs for select magnefts 2916 to 2919 and 25(5,
respectively.
Should an eleventh pulse be permitted because
of faulty operation in the originating sender,
40 ground will be connected to conductor 3023 and a
circuit closed over the oufer left front contact
of relay 3004, Ieft front contact of relay 3006,
winding of relay 3020 and batfery as an over-
flow or tell-tale signal. The function of relay
45 3020 will be described later. )
When the fundamental circuit is opened at the
originating office, relay 3000 fails to reoperate
as above mentioned and relay 3015 also releases,
in turn releasing relay 3706 which is slow to re-
90 lease, and, after an interval restores the funda-
mental circuit to its former condition, and opens
the operating circuit for relay 302f.

Operating recorder switch

55 Assume by way of example, that the called line
number dialed by the calling subscriber was 9299
and that the originating sender was set there-
by to select the No. 4 incoming primary group.

" Therefore five revertive pulses are necessary fo

6o open the fundamental circuit and when relays
30(5, 8021 and 3706 release, recording relay 3605
is operated alone.
circuit is closed from ground at the right back
contact of relay 3020, Ieft normal contact of

¢5 relay 3007, right back contact of relay 3006, fifth
left contact of relay 3021, outer right front con-
tact of relay 3005, winding of select magnet 2914
to battery. Magnet 2914 extends its operating

- ground to the winding of relay 3007, which locks

70 over the back contacts of relays 30{4 and 302t
to conductor 3128 as previously described.

With relay 3007 operated, the Iast Iocking cir-
cuit of the recording relay 3005 is opened and that
relay releases. A circuit is also closed from

75 grounded conductor 2923, over the middle right

With relay 3021 released, a -

- 2,089,921

confact of relay 3007, left front contact of relay
3010, to resistance 3013 and battery in shunt.of
the winding of relay 3012. Relay 30f2 releases,
but relay 3010 is held operated from this same
ground over the normal contact of relay 30(2.
With relay 3012 released and relay 3007 operated,
a circuit is closed from battery through the wind-
ing of hold magnet 2806, over the back contact
of magnet 2904, outer front contact of magnet
2901, right front contact of relay 3010, right back
contact of relay 3612, right winding of relay 3014,
to srounded conductor 3120. This magnet closes
cross-point 2932 in the sender register switch
2900. As in the case of magnef 290( when mag-
net 2906 locks over its inner front contact, to
ground at the second left contact of relay 3100, it
permits relay 3014 to operate, and when relay
302t is operated at the reclosure of the funda-
mental circuit the holding circuit of relay 3001
and select magnet 2814 is opened and they re-
lease. Af this time the holding circuit of relay
3910 is opened and that relay also releases.

Qverlapping registration

If may be nofed that, if the fundamental cir-
cuit is reclosed very quickly in the originating
sender, reoperating relays 3615 and 3000, relays
2021 and 3706 may reoperate as soon as the select
magnet has operated relay 3007. The next digit
may be recorded, therefore, while the hold mag-
net is operating and locking and relay 30{4 is
checking the locking circuit. Relay 3007 cannot
release until relay 3014 operates, and closes a
locking ground for relay 302 to hold that relay
operated to prevenf the reception of a third set of
pulses until the first set has been locked in by the
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hold magnet and the second set recorded on the -

select magnet. Relays 302f and 3706 are made
slow o release to insure that the recording relays
3601 to 3006 have sufficient time to stabilize be-
fore the circuit is closed for the select magnet.

The sender transmits revertive pulses to satisfy
the originating sender for incoming secondary
group, final primary group, final tens and final
units selections, the pulses for each selection being
recorded on the recording relays, transferred to
the select magnets and locked in by the succes-
sive operation of hold magnets 2805, 2904, 2903
and 2902. The circuits for the hold magnets are
prepared by the prior operated magnets and
relays 30(0 and 3012 which are operated and re-
leased under the control of relay 3007. It may be
noted that, since there never are more than five
incoming primary and secondary group and final
primary group selections only the lower half of
the cross-points on these verticals of the register
are equipped. Since final tens and units selec-
tions may reach ten, all of the cross-points in
these verticals are wired.

Reverse battery signal

When the final units hold magnet 2802 oper-
ates, a circuit is closed from ground at the outer
left contact of relay 3714, conductor 3729, inner
front contact of magnet 2903, outer front contact
of magnet 2902, conductor 2924, winding of relay
3701 and battery. Relay 3701 reverses the con-
nection of the tip and ring conductors to battery
and ground, that is, tip conductor 5818 which
formerly extended over conductor 3126, fifth left
confact of relay 3100 and inner right back con-
tact of relay 3101 to the winding of relay 3015,
now extends over the right front contact of relay
3101 to ground at the middle left contact of relay

- 3104, The ring conductor 5820 which previously
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“extended by way of conductor 3725, fourth left
contact of relay 3700 and left back contact of
relay 8101 to ground through the winding of relay
3000, now extends over the outer left front con-

5 tact of relay 370, inner left contact of relay 3704,
middle right back contact of relay 3106 to bat-

tery through the winding of relay 3015.

This reverse battery signal indicates to the
originating sender the completion of selections

10 and the closure at that sender operates relay

3015. Relays 3706 and 3021 are not operated at
this time since the circuit of relay 3706 is opened
at the contact of relay 3701. Relay 3015 closes a
circuit from battery through the winding of relay
15 3702, inner left front contact of relay 3701, inner
right back contact of relay 3706, to ground at the
contact of relay 3015. Relay 3702 locks to
grounded, conductor 2923 and extends its locking
ground to resistance 3783 and battery in shunt of
20 the winding of relay 3104 which now releases.
When relay 3704 releases, it disconnects battery
through relay 3015 and ground from the funda-
mental circuit. Relay 3102 is slow to operate and
relay 3104 slow to release to supply the reverse
23 Closure for a measured length of time during
which the originating sender has sufficient time
to function.
Trunk closure

When relay 3104 releases, it disconnects ground
from the circuit of relay 5801 and extends it to
battery through resistance lamp 3705. _A circuit
is also closed from battery through the winding of
relay 5805, conductors 5822 and 3722, outer right
back contact of relay 3704, upper winding of relay
3113, back contact of relay 3709 to grounded con-
ductor 3719. Battery through the lower wind-
ing of relay 37113 is connected in parallel with
relay 5865. This arrangement provides an oper-
ating condition for relay 5805 but a non-operating
condition for relay 3713. When the sender at
the originating office has been dismissed and the
district selector advanced to talking position, a
bridge is connected across the trunk conductors
operating relay 5802 which closes a locking
45 ground for relay 5805. This ground shunts the

upper winding of relay 3713 and the relay oper-

ates through its lower winding as a signal that it
is time for the sender to establish connection with

a marker.

23 Relay 3713 closes at its left contact an obvious
circuit for relay 3709 which locks to ground on
conductor 3719. Relay 3709 disconnects ground
from the upper winding of relay 3713 and con-
nects battery over the left normal contact of

55 relay 3707, middle left contact of relay 3789 to
conductor 3730 and over the outer left back con-
tact of relay 3712, left back contact of relay 3020,
left normal contact of relay 3718 to conductor
3134. Conductor 37131 extends to the windings of

60 relays 5601 and 5503 and ground.

Connection of sender with marker

[
51}

4

<

Fig. 56 shows in very schematic form the

" marker connector. This connector is essentially
63 the same as that used in the past for connecting
the panel sender with the decoder, such as shown

in Patent 1,862,549, granted to R. Raymond et al.
June 14, 1932, The circuit consists of a multi-
contact relay for each sender arranged in groups

70 and a multicontact relay for each decoder for
each group, together with control relays for de-
termining the order of use and to prevent double
connections. For each connection, one sender
relay and one decoder relay are operated to close

75 through a plurality of contacts between the

" ductor 2957.

23

sender and decoder. In the present disclosure,
for simplicity, the single multicontact relay 5600
is shown. When relay 5601 operates from bat-
tery on the start lead 3131, it closes a circuit from
battery on conductor 3139 through the winding
of relay 5600, outer left contact of relay 5601, back
contact of relay 5673 to ground. Relay 5600
locks over its own contact to ground over the
middle left contact of relay 560f and the back
contact of relay 5673, ’

When the connection between the sender and
marker has been established, twenty leads are
closed, connecting the sender register 2900 to
the reg’sters 4900, 4910, 4320, 4800 and 4819 of
the marker. In addition, a lead to relays 2921
and 2922 is closed to determine the tens desig-
nation of the frame and three check leads are
closed as well as certain other leads which will
appear hereinafter.

Transfer of registration to marker

Assuming that cross-points 2831 to 2936 were
closed in registering the selections as above de-
scribed, direct ground will be connected over none
of the contacts of cross-point 2931; over the left
contact of cross-point 2932 to conductor 2950;
over the middle contact of cross-point 2933 to
conductor 2952; over the middle contact of cross-
point 2934 to conductor 2953; over the inner left
contact of cross-point 2935 to conductor 2854,
and over the outer left contact of that cross-point
to conductor 2955; over the outer left contact of
cross-point 2936 to conductor 2956, and over the
inner left contact of the same cross-point to con-
Conductors 2950 and 2952 to 2957
are extended over contacts 5610 and 5612 to 5617
of relay 5600 to conductors 5650 and 5652 to 5657,
respectively, operating thereover register relays
4913 and 4914 of thousands register 4910, relay
4922 of hundreds register 4920, relays 4804 and
4803 of the tens register 4800 and relays 4813 and
4814 of units register 4810. Nonec of the relays of
frame register 4900 are operated by direct ground
from the frame vertical of the sender register nor
is relay 4905 operated by direct ground from relay
2922 which might occur for other frame registra-
tions.

Check of registering circuits

At the same time that these direct circuits are
closed, a circuit is closed from ground over arma-
ture 5618 of relay 5600, conductor 5658, middle
right back contact of relay 4824, conductor 4860,
armature 5620 of relay 5600, conductor 5660, to
the second or inner right contact of each cross-
boint where that contact is not grounded directly.
Similarly, ground on conductor 5658 is connected
over the inner right back contact of relay 4824
to conductor 4861, armature 5621 of relay 5600,
conductor §66{ and the first or outer right con-
tact of each cross-point to which ground is not
supplied directly. A third circuit extends from
ground on conductor 5658 over the outer left back
contact of relay 4824, conductor 4862, armature
5622 of relay 5600, conductor 5662 to the two left
contacts of those cross-points for which direct
ground is not provided. A branch of conductor
5660 extends over the front contact of relay 2921
and the back contact of relay 2922 to conductor
2925, armature 5619 of relay 5600, conductor 5659
to the winding of relay 4905 and battery. A
branch of conductor 5561 extends back over ar-
mature 5623 of relay 5800, conductor 5664 to the
winding of relay 4827 and battery. A branch of
conductor 5660 estends through contacts in the
marker connector circuit, over armature 5624
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of relay 5600, back contact of relay 5674, conduc-
tor 5665 to the winding of relay 4100 and battery.

At each of the closed cross-points, those regis-
tering conductors not grounded directly -are
grounded from conductors 5660, 5661 and 5662
so that relays 4901 to 4304, 4911 to 4914, 4921 to
4924, 4801 to 4804, and 4811 to 4814 are operated
together with relays 4108, 4965 and #4827 pro-
vided the registering circuits between the sender
and marker are complete. Relays 4823, 4822 and
4821 are connected to conductors 4862, 4860 and
4861, respectively, and also operate over the back
contacts of relay 4824 if ground is connected to
the corresponding conductors.

If all of the register relays operate, a circuit is
closed from ground through the left winding of
relay 4828, inner right front contacts of relays
4901 and 4802, inner left front contacts of relays
4903 and 4904, outer left front contact of relay
4905, inner left front contacts of relays 4914, 4913,
4912, 4911, 4921, 4922 and 4923, second left con-
tact of relay #4924, inner right front contacts of
relays 4804, 4803, 4802, 480(, 4811, 4812, 48i3,
4814, 4821, 4822, 4823 and 4821, middie upper
front contact of relay #4100, left winding of relay
4826 and battery. .

Relays 4826 and 4825 both operate in this cir-
cuit, relay 4826 locking over its outer right con-
tact and the left normal contact of relay 4824 to
grounded conductor 5658, Relay 4825 alsc locks
over its outer right contact and the left normal
contact of relay 4824 to grounded conductor

5658. With relays 4826 and 4825 both operated, '

a circuit is closed from battery, through the
winding of relay 4824, inner right contacts of
relays 4826 and 4825, to grounded conductor 5658.
Relay 4824 operates, locking over its inner left
alternate contact to conductor 5658. The make-
before-break character of the inner left contacts
of relay 4824 holds relays 4825 and 4826 until the
locking circuit of relay 4824 is fully established,
after which these relays release. Relay 4824 at
its second left front contact operates relay 4833.

The operation of relay 4824 disconnects ground
from conductors 4860, 4861 and 4862, thereby
releasing those register relays operated thereover
as well as relays 4821, 4822, 4823, 4827 and 4100.
If a false ground exists on one of these con-
ductors or the conductor is connected falsely to
a conductor which is grounded, the relays reached
over that conductor will be held operated, the
call will be blocked and the timing circuit will
function to bring about the release of this marker
and a second trial with another marker.

Translation

With relay 4824 operated and relays 4825 and
4826 released, a circuit is closed from grounded
conductor 5658 over the outer right front contact
of relay #4824, left back contacts of relays 4826
and 4825, left back contact of relay 4827, left
back contact of relay 4821, to the contacts of
the thousands register 4910. Ground is supplied
to the contacts of the hundreds register 4920
over conductor 4925, normal contacts of relays
3904, 3903, 3902 and 3901, conductor 39i3, back
contact of relay 4822, outer left front contact
of relay 4824 and grounded conductor $658.
Ground is also supplied to the contacts of the
tens register 4800 from the third left contact of
relay 4824 over the back contact of relay 4823.

It will be remembered that the lines of the
office are arranged in large groups, called for
convenience “choices”, each choice including four
frames on which are mounted ten horizontal
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groups of switches or levels which may contain
from one to seven individual switches each serv-
ing ten lines. For selection as called lines for
the purpose of testing their busy or idle condi-
tion the subscribers’ lines are arranged in nu-
mercial groups of twenty which, being consecu-
tive, all appear within the same hundred group
and within a given choice, but which may be
moved from choice to choice as desired. In an
office of the usual size of 10,000 lines, there will
be 500 such groupskf lines. - .

The marker is connected to the lines through
a line choice connector, one for each of the line
choices. In each choice connector there are a
number of hundreds relays, one for each hun-
dred lines in the choice and a number of group
relays, one for each group of twenty lines.

A group of twenty lines is identified from the
line designation by a translation of the thous-
ands, hundreds and tens digits. ‘These digits as
recorded in the marker combine to mark 500 sets
of cross-connecting points, a few of which are
shown in Fig. 63 by operating one of twenty “five-
hundreds” relays such as relay 6304, one of five
“hundreds” relays such as relays 6305 and 6306
and one of five “twentys” relays such as relays
6240 and 6244. These relays with their asso-
ciated  cross-connecting racks form what is
known as a ‘“translator”. Since thousands regis-
ter relays 4913 and 4914 were operated and
hundreds register relay 4924 was not operated,
the ground extended to the thousands register
by the operation of relay 4824 extends over the
outer left back contacts of relays 4912 and 49¢ i,
right front contact of relay 49{4, outer right
front contact of relay 4913, fifth right back con-
tact of relay 4924 to conductor 4930 which is con-
nected to the winding of relay 6304. Each of
the conductors embraced by the bracket including
conductor 4930 extends to a separate relay, like
relay 6304, unless the corresponding group of
five hundred lines is not equipped in which case
the conductor is connected over conductor 4933 to
relay 39i0, the function of which will be de-
scribed later.

The ground supplied to the hundreds register

extends over the right back contact of relay 4923,

right front contact of relay 4922, richt back con-
tact of relay 4921, conductor 4931 to the winding
of relay 6305. Ground supplied to the tens regis-
ter extends over the inner left front contact of re-
lay 4804, inner left back contact of relay 4801,
conductor 5252, winding of relay 5242 and bat-
tery to indicate that the wanted number lies in
an odd ten. If the number were even, relay
5241 would have been operated. This ground also
extends over the right front contact of relay
4804, left front contact of relay 4803, to the wind-
ing of relay 6244 and battery. The joint opera-
tion of relays 6244, 6395 and 6304 identifies the
group of twenty lines lying between 9280 and 9299.

With relay 6244 operated, three circuits are
prepared, one from battery through resistance
6207 over the right contact of relay 6244, to con-
ductor 6208, a second from ground over the inner
right contact of relay 6012, conductor 6015, inner
left contact of relay 6244 to conductor 6208 and
a third from ground through the winding of
relay 6014, middle left back contact of relay 6012,

. conductor 6816, outer left contact of relay 6244

to conductor 6210. These three conductors are
connected in multiple to the armatures of the
five “hundreds” relays 6305, 6306, etc., and, since
relay 6305 is operated, are extended to conductors
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6311, 8310 and 8309, respectively. Conductors
6309, 6310 and 63{1 are connected in multiple to
armatures of the twenty “five-hundreds” relays
6304, etc.’” Since relay 6304 is operated, these

5 conductors are extended to cross-connecting
racks 6303, 6307 and 6308, respectively, thereby
connecting battery to cross-connecting point
6314, ground through relay 6014 to point 6312
and direct ground to point 6313. -

10  These cross-connecting racks are wired in ac-
cordance with the location of the lines in the
frames and the location of any group of twenty
line numbers may be altered by altering the con-
nections at this point.

15 Connection with line choice

Each line choice connector has a start lead for
each marker and these leads are brought into
each marker at cross-connecting rack 6308. Each

20 group of twenty consecutive numbers is a unit
and will be referred to hereafter as a twenty-
block. Each twenty-block has its own cross-con-
necting terminal in rack 6308 for the location
and seizure of the line choice.

% Assuming that terminal 6314 is cross-con-

nected to terminal 6315 and thereover to the
start conductor 6316 of the line choice connector
shown, a circuit is completed over the second
left back contact of relay 3800, winding of relay

3805, normal contacts of relays 3807 and 3809

to ground at the third left back contact of relay

3800. It will be noted that the circuit of relay

3805 extends over the back contacts of the higher

numbered relays, so that these higher numbered
relays have the preference in operating, How-
ever, the lower numbered relays have the prefer-
ence in closing the circuit of the corresponding
relay 3200. Therefore, if a low numbered relay,
for example, relay 3805, is operated and locked
controlling relay 3200, higher numbered relays,
such as relays 3807 and 3809 may operate and
lock but cannot operate their corresponding con-

30

35

necting relay. When relay 3805 releases, relay

3807 may operate its connecting relay and when
it releases relay 3808 may, in turn, connect the
marker to the choice. With relay 3808 operated,
neither relay 3805 nor relay 3807 can reoperate.
Relay 3805 locks over its inner left front contact

45

50 to ground at the third left back contact of relay -

8800. It also opens the circuit of relay 3119. It
connects ground from the fourth left back con-
tact of relay 3809 to the winding of relay 3200 and
battery. Relay 3200 represents any necessary
number of multicontact relays for controlling the
requisite number of connections between the
marker and the line choice. .
At its right front contact, relay 3805 connects
battery through resistance 3803, right back con-
60 tact of relay 3802, right front contact of relay
3805 Lo .conductor 3811,

Connection with incoming junctor

v {
(31

Relay 3200, in operating, connects ground over

65 armature 3210 to conductor 3211 and the wind-
ing of relay 4835 as a signal to the marker that
the .connector has operated to connect it with
the choice. Relay 4835 extends the battery con-
nected to conductor 3811 over its outer right
70 contact, inner right contact of relay 4824, con-
ductor 4863 to the frame register 4900, and, since
none of the frame relays were operated, over the
right back contacts of relays 4903, 4904, 4902
and 4901, left back contact of relay 49683, third

3 right back contact of relay 4905, conductor 4932,

inner left back contact of relay 5732, winding of
relay §720, normal contacts of relays 5158 and

~ B760 to ground.

The Incoming link and connector circult of Fig.
57 represents the No. 0 connector baving access
to the No. 0 frame to which the incoming junctor
of Fig. 58 is connected, Relays 5720, 5750 and
5780 are arranged in the same way as are the
preference relays of the line choice connector in
order to permit connection of only one marker to
the frame at g time. Relay 5720 releases relays
5730 and 5731 and closes a circuit from battery
through the winding of relay 8722, lower front
contact of relay 5720 to ground at the right back
contact of relay 5132, As in the ‘case of the line
choice connector, relay 5722 may be taken as
representing such plurality of relays as are physi-
cally necessary to control the desired number
of contacts. When relay 5722 operates, it con-
nects ground over armature 5740 to conductor
5141, winding of relay 4834 and battery to tell the
marker that it has been connected with the call-
ing frame,

Operating hundred-block relay

20

25

When relay 3200 of the line choice connector |

has operated, it completes a circuit from ground
through the winding of relay 6014 which is con-
nected as previously described to terminal 6312
of cross-connecting rack 6303 and, assuming a
cross-connection to terminal 634 1, over conduc-
tor 3213, armature 3212 of relay 3200 to the wind-
ing of hundred-block relay 3104 and battery.

One relay, such as relay 3104 is furnished in the
line choice connector for one hundred line ter-
minals representing five twenty-blocks which
may or may not have numbers and which may
or may not be consecutively numbered, Relay
3104 represents the group of terminals within
which the called line is located and Prepares the
circuits for five twenty-block relays. Relay 6014
which is connected in series with relay 3104 is
marginal and operates only if, because of trouble,
more than one hundred-block relay would be
operated,

30
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45

- The connection of ground to terminal 6318 in

cross-connecting rack 6307 serves to operate one
of the relays 5300, 5302, 5304, 5306 or 5308. As.
suming that terminal 6313 is connected to ter-

minal 6319, a circuit is closed over conductor °

6320 to the lower winding of relay 5308 and bat-
tery. Relay 5308 extends its operating ground
over its inner lower front contact, conductor
6318 to battery through the left winding of relay

6302. Relay 6302 locks through its right wind- >

ing and right contact, conductor 6321, outer right
back contact of relay 6012, conductor 6017 to
ground at the inner left contact of relay 483§ as
soon as that relay operated.

Operating twenty-block relay

With relay 6302 operated, the circuits of the
five twenty-block relays prepared by relay 3184
are extended over the left armatures of relay
6302 to the outer lower armatures of relays 5300,
5302, 5304, 5306 and 5308. Since relay 5308

50

55
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iIs operated, a circuit is closed from ground -

through the winding of relay 5311, outer lower
back contact of relay 5308, outer lower front
contact of relay 5308, conductor 6822, inner left
contact of relay 6302, conductor 32185, armature
32{8 of relay 3208, outer left front contact of
hundred-block relay 3104 to the winding of
twenty-block relay 3108 and battery. Relay
5311 is marginal, operating only if, due to some
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fault, the circuit is extended to more than one
twenty-block relay. Relay 3108, in operating
connects ground over its next to outermost left
contact, conductor 3136, armature 3286 of relay
3200, conductor 3267, left winding of relay #4535
to battery as a signal to the marker that a block
of twenty lines has been selected. Relay 4535
extends its operating ground to the winding of
relay 45368 which also operates. Relay 4525 is
10 operated through its left winding on most calls,
the operation of relay 4536 indicating that a
charge is to be made. Lines for which no charge
is to be made are grouped under the control of
‘twenty-block relays which have their outer ar-
15 mature connected to conductor 3121 and over
armature 3216 of relay 3200 and conductor 3217
to the right winding of relay 4535. In this case
the operating ground is extended to the wind-
ing of relay 3907 which operates to tell the
20 marker that no charge is to be made. The
function of relay 3907 will be discussed herein-
" after. )
. The twenty-block relays including relay 3108
also close two cross-connecting points for each
25 of the twenty line circuits.. The inner twenty
contacts or sleeve contacts are brought out on
rack 3111 where they are cross-connected to the
hold magnets- of the lines. The outer twenty
contacts or number control contacts are brought
30 out to rack 3105 where they are cross-connected
to the windings of relays like relays 3101,

Description of Fig. 3

At this point it may be well to refer to Fig. 3.

35 This figure has been prepared to clarify the pur-

pose of the relays, such as relay 3101, in the

main drawing. A further description will be
found in the application of O. Myers, Serial No.

68,258 filed March 11, 1936.

The subscribers’ lines come into the office and
are terminated on racks, such as racks 323, 334
and 332, whence they are wired to the switch
racks, such as strip 324. Heretofore, the posi-
tion of the line in the terminating switch has
45 determined the number of the line and it has

been impossible to alter the number of a line

without altering its position in the switch or to
transfer a lire to a different position without
correspondingly transferring the number.

50 In the present system there is no such hard
and fast relationship between position and num-
ber. For purposes of illustration, five lines have
been selected bearing the numbers 1250, 1251,
1252, 2250 and 7250 which, in the usual telephone

55 System, would appear in three different switch
structures. The marker in receiving these
designations would operate the same tens relay
301 and the same hundreds relay 302 together
with three different five hundreds relays 303,

60 304 and 305. The registration would result in
the marking of tliree points on the translator
rack’ 306. .

For each line choice, including four line groups
of ten levels each, there is, as pointed out here-

65 tofore, a line choice connector, each connector
having a connector relay for each marker and
controlled by a preference chain. These con-
nector relays, such as 308, 309 and 310, are, in
effect, wired to a cross-connecting rack, such as

770 rack 307. For each hundred lines in a choice,
a hundred-block relay, such as relay 813, 312 or
311, is provided and is connected over contacts
of the marker connector relays 308, 309 and 310
to rack 307. For each group of twenty lines

75 which are consecutively numbered, if numbered

[+

40
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at all, a twenty-block relay, such as relay 38,
315 or 34, is provided and these are also con-
nected over conta@s of ‘a hundred-block relay
and a marker connector relay, in effect, to rack
307. Therefore, any one of the sets of points
on rack 306 may be wired to rack 307 so as to
cause the operation of any desired twenty-block
relay. It is, therefore, possible to cause any sub-

_scriber’s number to appear in any desired line

choice and to use any desired hundred-block and
twenty-block relays.

Each twenty-block relay has two sets of
twenty contacts. One set leads over cross-con-
necting racks 317, 318 and 319 to the sleeves of
the twenty lines to which the relay is individual.
The corresponding contacts of the second set are
wired over racks 322, 321, 320 to racks 300, 333,
ete.

. For each level in each line group, a relay such
as relay 325 to 330 is provided, each relay having
three windings, the purpose of which will appear
later. These relays are connected to racks 300,
333, etc., where they are cross-connected to con-
tacts on the twenty-block relays, each contact
being connected to the relay representing the
level in which the corresponding line is located.
Relays 325 to 330 when operated transmit to the
decoder an indication of the location of the
wanted line to guide the operation of the switches
in establishing the connection.

' If, for traffic reasons it is desired to move a
particular line it may be moved in the same level
merely by changing the connections between
racks 323 and 324, If it is to be changed to a
different level or different line group, the wiring
between racks 322 and 300, for example, is also
changed. In order to move a line from one choice
to another, the group of twenty lines to which it
belongs must also be moved and the cross-con-
nections at racks 306 and 307 are also changed.

According to one possible wiring arrangement
shown by way of example, lines No. 1250 to No.
1252, No. 2250 and No. 7250 all appear in the same
choice, operating marker connector relay 310.
They also appear in the same hundred-block,
operating relay 31f. Lines No. 1250 to No. 1252
naturally appear in the same twenty-block re-
lay 316, line No. 2250 in relay 315 and line No.
7250 in relay 3(4. However, line No. 1250 is lo-
cated in level No. 0 of line group No. 0, while line
No. 1252 is located in level No. 8 of line group
No. 4, and lines No. 2250 and No. 7250 are shown

‘as both located in level No. 2 of line group No. 0.

There is one relay like relay 3101 for each

of the forty horizontal levels in a choice, each’

relay having three windings. The terminals at
rack 3105 are each connected to the relay be-
longing to the level and line group in which the
corresponding line is located and to the winding
of that relay belonging to the class of the line.
That is, individual lines, the ring party on party
lines and last lines of private branch exchange
groups have their terminals connected to the
right windings, the tip party on party lines have
their terminals connected to the left windings
and private branch exchange trunks other than
the last have their terminals connected to the
middle windings.

Relay 3101 and similar relays transmit to the
marker the location and class of the called. line.
The ten relays belonging to one line group have
their windings multipled together, the right
windings extending to a relay in group 5900 to
5903, the left windings to relays 5910 to 5913 and
the middle windings temporarily to ground. The
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relays of the No. 0 line group lead to relays 5988
and 5910; the relays of the No. 1 line group to
relays 5901 and 89141, etc.

When relay 4838 operated, it closed a circult

5 from grouad over its outer left contact, conduc-
tor 4884, middle right back contact of relay 6012,
conductor 6018, over the outer right back con-

. tacts of relays 4500 to 4519, to conductor 4537 or
over the right back contact of relay 4531 and the

10 left normal contacts of relays 4513 to 4580 to
conductor 4831 which extends to the winding of
relay 5933 and battery and also over the right
back contacts of relays 470f and 4700 and con-
ductor 4713 to the windings of relays 5248 and

15 5243 and battery. These relays prepare the test
circuits for the called lines, -

/ Test of called line—individual

Assuming that the wanted number refers to
20 the line shown in Fig. 12 and is an individual
line, contacts 3124 and 3125 will be connected
together as are contacts 3122 and 3128. The op-
eration of the twenty-block relay 3108 connects
the sleeve terminals of the twenty lines belong-
25 ing thereto to the windings of twenty test relays
5200 and §219. The test circuit for line 1200, for
example, extends from'the winding of hold mag-
net 1201 and the sleeve contacts of the cross-
points of primary line switch 1230, over conduc-
<0 tor 1229, contacts 3125 and 3124 at rack 3ii{,
twentieth front contact of relay 3108, armature
3218 of relay 3200, conductor 3219, inner right
back contact of relay 4519, inner left back con-
tact of relay-4%28, winding of relay 5218, con-
5 ductor 5251, outer left front contact of relay 4833,
_ tobattery. Similarly, the sleeve contacts of other
lines are connected to the windings of relays
5200, 5209, 5210, etc. If any of these twenty lines
is busy, ground on the sleeve conductor will op-
40 erate the corresponding test relay.

Seizure of called line

When relay 4833 operated following the opera-

tion of relay 4824, circuits were prepared for
45 polarized relay 4534 from battery over the inner
left front contact of relay 4833, conductor 4865
to both windings of relay 4534, extending through
the lower winding and resistance 4533, over con-
- ductor 4538 to ground at the inner right front
50 contact of relay 4838. A second circu't extends
through the upper winding of relay 4534 to ground
at the back contact of relay 4535. In parallel to
this last ground & circuit extends through con-
denser 8538, conductor 4540 to ground over the
535 middle left contact of relay 4833 and resistance
4831. The upper winding of relay 4634 holds the
relay contact in the position shown, overcoming
the effect of the lower winding. Ground on both
sides of condenser 4538 holds it discharged.
€0 When relay 4535 operates, as above described, it
opens the circuit through the upper winding of
relay 45634 allowing the lower winding to become
_operative and close the right contact of the relay.
However, current flows in the circuit through
¢3 condenser 4838 until that condenser is charged,
thus cont’‘nuing the opposition to the lower wind-
ing for a definite time and delaying the closure
of the right relay contact. The purpose of this
delay is to allow sufficient time for all of the
70 relays of group 5200 to 52{9 which have been
connected to busy lines to operate fully.

When relay 4534 closes its right contact, it
extends ground over that' contact, normal con-
tacts of relays 4530 and 453, conductor 4544,

75 left back contact of relay 4706, conductor 4714,
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outer right front contact of relay 5333, conductor
4124, left front contact of relay 5240, right con-
tact of relay $243, resistance 8248, left back con-

27
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tact of relay 4828, conductor 4542, back contact

of relay §310, conductor 5314, lett back contact
of relay 3980, conductor 3923, outer left back
contact of relay 6812, conductor 8018, outer left
front contact of relay 4813, right back contacts
of relays 4811 and 4812, inner left front contact
of relay 4813, left front contact of relay 4814,
conductor 4888, inner left front contact of relay
5242, right back contact of relay 4521, to the
left armature of relay 5219 connected to the
wanted line. Relay 5242, which was operated to
indicate that the wanted number was in an odd
ten, connects the ten leads from the units reg-
ister to the armatures of relays 5210 to 5219, in-
clusive. Had the number been located in an
even ten and relay 524! operated, it would have
connected the ten leads from the units register
to the armatures of relays 5200 to 5209, inclu-
sive. : N

If relay 5219 were operated, the circuit above
traced would extend over the front contact of
that relay, left back contact of relay 5239, con-
ductor 5283, left back contact of relay 4101, con-
ductor 4718, outer left front contact ‘of relay
5933, conductor 5934, to the winding of busy
back relay 3308 and battery. The function of
relay 3908 will be described hereinafter.

Assuming that the wanted line is idle and
1elay 5219 is not operated, the circuit extends
over the back contact of relay 5219, to the wind-
ing of relay 4519 and battery. Relay 4519 locks
over its inner left front contact and the right
back contact of relay 453{ to grounded conduc-
tor 6018. It also disconnects this ground from
the windings of relays 5933, 5240 and 5243, re-
leasing these relays, which in turn open the oper-
ating circult for relay 45189,

Recording locatlion and class of called line

Relay 4519 also connects ground over its outer
left front contact, conductor 4543, armature 3220
of relay 3208, conductor 322f, armature 3126

.which is individual to the called line on relay

3108, terminals 3122 and 3123 at rack 3105, right
winding of relay 8101, armature 3222 of relay
3200, conductor 3228, winding of relay 5900, wind-
ing of relay 5932 and battery. Relay 5932 is mar-
ginal, to sound an alarm if an attempt is made
to operate more than one of the relays 5900 to
§902. Relay 5800 prepares for the test and sei-

‘zure of the proper switches and links for con-

necting the line with the incoming trunk. Relay
3101 also operates in this circuit.

Before proceeding with the description of the
establishment of the physical connection, the
test of other types of lines will be described.

Party line

If the called number referred to the tip party
on g party line, terminal 3122 at rack 3105 would

have been connected to terminal 3127 and-

through the left winding of relay 3101 to the
winding of relay 5810 and battery through the
winding of relay 5932. Relays 5800 and 5910
differ only in their control of ringing.

Test of terminal hunting group—small

If the called number had been 9280, for exam-
ple, and indicated a line leading to a private
branch exchange having twenty trunks compris-
ing a “terminal hunting group” the terminals
3128 and 3129 belonging thereto would have been

b
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cross-connected to- the - proper sleeve conductor
“and to terminal 8130, respectively. Eighteen of
the remaining nineteen trunks would have their
sleeve conductors similarly cross-connected and
their contacts in rack 3185 connected to the mid-
dle winding of the relay, like relay 3101, which
indicates their position in the switch structure.
- The last trunk will have its terminal in rack
3105 cross-connected to the right winding of the

10 proper relay such as relay 310f.. As soon as
relay 3108 operates, a circuit is closed from bat-
tery through the winding of relay 5220, inner
right contact of relay 5240, left back contact of

" relay 4500, conductor 4544, armature 3224 of
15 relay 3200, conductor 3225, armature 3131 of
relay 3108, contacts 3129 and 3130 at rack 3105,
middle winding of relay 3101, armature 3226 of
relay 3200, conductor 3221, inner left front con-
tact of relay 5933 to ground. Relay 5220 oper-
20 ates in this circuit. Similar circuits are closed

o«

for all of the lines belonging to the group except

the last. Relays 5220, 5229, 5230, etc. operate
but relay 5239, being connected to battery
through one of the relays 5900 to 5903 under
25 the present hypothesis, cannot operate. Assum-
ing that the first ten trunks are busy, relays
5200 to 5209 will be operated as described for the
individual line but relay 5210 will not be oper-
ated. Therefore when relay 4534 closes its left
30 contact establishing a circuit from ground to
conductor 6019, as previously traced, over the
right back contacts of units register relays 4813,
4814, 4812 and 4811, left back contact of relay
4813, conductor 4861, inner right contact of relay
35 5241 (operated because the tens digit now is even)
right back contact of relay 4526 to the arma-
ture of relay 5200 and thence over the front con-
tact of relay 5200, left front contact of relay
5220, over similar contacts of intermediate re-
49 18ys, front contacts of relays 5209, and 5229,
back contact of relay 5210 to the winding of
relay 4510 to mark the first idle trunk. Relay
4510 .opens the circuits of relays 5933, 5248 and

5243 as previously described and connects ground -

45 to the middle winding of relay 3181 in place of
battery through relay 5230. When relay 5933
closes its back contacts, it transfers conductor
3227 from ground to the winding of relay 5900
and battery through relay 5932, thereby prepar-

5o Ing for the establishment of the connection in

the same manner as for an individual line.

If all of the trunk lines had been busy, the
circuit closed by relay 4534. would have extended
to the armature of relay 5219 and over its front
contact and the back contact of relay 5239 to the
busy back relay 3908.

Test of terminal hunting group—large

In the case of larger terminal hunting groups
relays 5300 to 5310 function to permit the testing
. 60 of groups containing as many as one hundred
trunk lines. For a group of th's size, the hun-
dred-block terminal at rack 6307 belonging to
the called number will be connected to the wind-
ing of relay 5300 which will cause the operation

65 of relay 6302 and the selection of the proper
hundred-block and twenty-block relays in the
line choice connector.

. The twenty lines controlled by the operated

twenty-block relay are tested in the manner de-
70 scribed. Since there are more than twenty lines
in the group, relay 5239 as well as the earlier
relays of the group 5220 to 5239 will be operated
and, if all of the lines in the tested group are
busy, the circuit controlled by relay 4534 will
76 extend over the front contacts of relays 5200 to

55
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5239 in the manner previouély traéed, to the
winding of relay 4530 and battery. Relay 4530
opens its operating circuit but closes a holding

-circuit over its alternate contact to ground at the

right contact of relay 4534, With relay 4530 op-
erated, a circult is closed from battery through
the winding of relay 530(, uppermost front con-
tact of relay 5300, upper back contacts of relays
6302, 5304, 5306, and 5308, conductor 531 §, right
front contact of relay 4530, conductors 45485 and
4864 to ground at the outer left contact of relay
4835. Relay 5301 locks over its upper front con-
tact, conductor 6321, outer right back contact of
relay 6012, conductor 6017 to ground at the inner
left contact of relay 4835. It also extends its
locking ground to the  winding of relay 5810
which also operates, transferring the circuit con-
trolled by relay 4534 Trom the units register, di-
rectly to the armature of relay 5200. However,
this circuit is open at this time at the contact
of relay 4530.

The operation of relay 5301 opens the circuit
of the twenty-block relay in the line choice con-
nector, thereby releasing relay 4535, restoring the
shunt to condenser 4538 and causing relay 4534
to open its right contact and close its left con-
tact. The opening of the right contact of relay
4534 permits relay 4530 to release, opening the
operating circuit of relay 5301 and closing a cir-
cuit from ground on conductor 4545, back con-
tact of relay 4530, conductor 4546, inner lower
back contacts of relays 5309, 5307, 5305, and 5303,
lower front contact of relay 5301, upper winding
of relay 5302 and battery. Relay 5302 then func-
tions to select a new twenty-block relay and to
cause the test of the twenty lines in that block.
For a group of one hundred lines, relays 5303 to
§308 are operated in the manner described for
relays 5301 and 5302 until all of the lines of the
group have been tested. For the last line, the
cross-connections at rack 3105 leave relay 5239
unoperated to permit the operation of the busy
back relay if no idle line can be found.

Varying start of test in terminal hunting group

When a group of lines consists of more than
forty, the starting point for terminal hunting
may be varied between markers not ‘arranged
for no-test and number checking, and the twen-
ty-block relays may be cut in by various hundred-
block relays even where the numbers assigned are
consecutive. The marker shown is equipped for
no-test and number checking and in this marker
the relation between assigned numbers and hun-
dred-block and twenty-block relays must be
maintained. o -

When such an arrangement is to be made, the
terminal such as 6312 belonging to the twenty-
block is connected to terminal 6323 at rack 6303,
operating relay 6300. Also, the corresponding
terminal at rack 6307 is connected to the upper

_winding of the proper relay in the lower row of

Fig. 53 this relay locking to ground over con-
ductor 6321, With relay 6300 operated, the cir-
cuits for the twenty-block relays are closed over
the right contacts of relays 6300 and rack 6301
instead of over contacts of relay 6302 and by the
use of rack 6301 may be selected in a different
order in different markers, At the same time,
ground from the operated relay of Fig. 53 is con-
nected over a contact of relay 6300 and rack 6303
to the desired hundred-block relay in the line
choice connector. This arrangement permits the
lines of a terminal hunting group to be con-
nected through various hundred-block relays,

‘thus furnishing a partial emergency arrange-
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ment in that the disabling of one hundred-block

relay will:not stop service to an entire terminal
" hunting group. This relay may also be used for
- breaking up- the consecut.ive numbers between
5 the twenty-blocks. . - .

Terminal hunting groups in more than one cl_zoice

If a terminal hunting group contains more
than one hundred lines, when relay 4530 releases

10 following the operation of relay 5309, having
tested the first hundred lines, a circuit is closed

from ground on conductors 4864 and 45435, right '

back contact of relay 4530, conductor 4546, lower
front contact of relay 5309, conductor 5316 outer
15 right contact of relay 6300, conductor 6324 to the
winding of one of the extra group relays, relay
3903 for example, and battery. In view of the
large amount of traffic to one line choice which
a one hundred line group represents, it is neces-
20 sary to locate the extra group on a different line
choice. Relay 3903 locks over its innermost right

front contact, normal contacts of relays 8902 and -

3901, conductor 3813, left back contact of relay
4822, outer left front contact of relay 4824 to
25 grounded conductor 5658. In locking, relay 3903
opens the operating circuit for relay 6305, open-
ing the connections to racks 6393, 6307 and 6308,
releasing relay 6300. The release of relay 6305
releases the marker preference relay 3805 in the
0 line choice connector, which in turn releases relay
3200 and disconnects the marker from the choice.
The disconnection from the line choice con-
nector opens the circuit of relay 4835 which in
turn disconnects battery from the incoming con-
5 nector and releases relay 4834. 'The release of
relay 4835 releases such locked up relays as re-
lays 5300 to 5310.
When relay 4834 releases, it closes a circuit
from ground over its inner left back contact, con-
40 ductor 4869, inner left front contact of relay
3903, winding of relay 3%00 and battery, Relay
3900 connects battery through resistance 6207,
conductor 6211, middle left contact of relay 3900,
_outer right front contact of relay 3903 to con-
45 ductor 3914, which is connected to the winding
of the marker preference relay in the line choice
connector leading to the line choice in which the
extra group is located. It also connects ground
over its inner right contact and the second right
50 front contact of relay 3903 to conductor 3916 to
operate the proper relay in Fig. 53. It connects
ground over its outer right contact and the third
right contact of relay 3903 to conductor 3915 to
operate the desired hundred-block relay and at
its outer left contact, it transfers the circuit con-

trolled by relay 4534 from the relay of group 4500

to 4519 determined by the units register or by

relay 5310 to the one correspondmg to the start
of the extra group.

60 If an office should contain no such large groups,
the relays 3903, 3904, etc., may be used to expand
groups which simulate a large group by operat-
ing relay 5308.

Increasing size of terminal hunting groups

In some cases a subscriber may wish to in-
crease the number of trunks serving his branch
exchange and additional lines in the same twen-
ty-block may not be available. In this case, not
70 more than twenty lines on one twenty-block re-

lay in the same line choice may be added to the

group. In order to do this, the last set of ter-
minals of the former group in the twenty-block

- relay is specially cross-connected. Assuming
75 that the first line on twenty-block relay 3140

(=3
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has been an lndlvidual fine and 1s now to be ex- .
panded to a private branch exchange group of:
two lines, retaining the same number, the cor-
responding sléeve contact will be cross-conttected
at rack 31{1 to terminal 3138 and the number & .
control terminal will be cross-connected at rack
3105 to terminal 31383,

When the number has been registered and
translated, the line choice selected and hundred-
block relay 3104 and twenty-block relay 3110 10
operated, battery through the winding of relay
5200 will be connected over the innermost com-
tact of relay“ 3110, terminals 3134 and 3135 at
rack 3111, armature 3228 of relay 3200, con-
ductor 3229, winding of relay 6000 and battery, 15
neither relay 5200 nor 6000 operating. Relay
5220 is connected over the inner right contact
of relay 5240, left back contact of relay 4500,
to the first armature of the second set on relay
3110, over terminals 3132 and 3133 on rack 3105, 20
through the right-winding- of relay 3103 to bat-
tery, neither relay 5220 nor relay 3183 operating.
The operation of relay 3110 operates relay 4535
which causes relay 4534 to close its right contact '
after an Interval, at which time relay 4560 op- 25
erates. With relay 4500 operated, the sleeve con-
tact of twenty-block relay 3110 is transferred
from the winding of relay 5200, over the right
front contact of relay #4500, conductor 4718,
inner right back contact of relay 4703, left back 30
contact of relay 4005, inner right back contact
of relay #4000, conductor 6020, right back con-
tacts of relays 6010 and 6011, conductor 4549,
winding of relay 4532 and battery, relays 4532
and 6000 remaining unoperated in the absence 35
of false ground. Relay 4500 also substitutes di-
rect ground for relay 5226. This ground oper-
ates relay 3103 which extends the ground over its
second left contact, armature 3240 of relay 3200,
conductor 3241, winding of relay 60if, and 40
ground. Relay 6011 locks itself and relay 3103
to ground over conductor 6017. Relay 6011 at
its right front contact disconnects relay 4532
from the sleeve contact of relay 3110 and substi-
tutes ground from the inner left back contact 45
of relay 6012. Relay 6000 now operates, lock-
ing to ground on conductor 6017. Relay 6000

at its following contact closes a circuit for relay

6012 which then opens the operating circuit of
relay 6000. Relay 6012 in operating, discon- 50
nects the direct ground and ground through re-
lay 6014 from the contacts of the translator re-
lays thereby releasing the hundred-block and
twenty-block relays in the line choice connector.

It also opens the locking circuit for the relays of 55
Fig. 53, releasing any which might have been op-
erated. Relay 6012 also opens the circuit of re-
lay 4500. The release of relay 3110 releases re-

lay 4535, causing relay 4534 to open its right con-
tact and close a circuit from ground over its left 60
contact, conductor 4547, inner left front con-
tact of relay 6012, winding of relay 6013 and bat-
tery. Relay 6013 locks under the control of re-
lay 6000. Relay 60i3 connects ground to con-
ductors 6025 and 6021. Conductor 6021 extends 65
over the outer left contact of relay 3103 to the.
winding of a hundred-block relay, while conduc-

tor 6025 extends over the third left contact of
relay 3103 and a contact .of the operated hun-
dred-block relay to the winding of the twenty- 70
block relay on which the added lines appear.

Relay 6011 substituted ground for relay 4532 in” -
the connection to the sleeve contact of the twen-
ty-block relay; relay 6012 disconnected this -
ground and relay 6013 now reconnects relay 453275
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* to that contact. The purpose of relay 4532 will

be discussed later. Relay 6013 also restores the

locking circuit for the relays of Fig. 53 and pre-

pares a circuit from the ground provided by relay
5 4534 and extended to conductor 3923, over its
third left contact, inner right contact of relay
6011, outer left contact of relgy 6000, conductor
6022, right back contact of relay 4526, to the
armature of relay $200. .

Relays 6000, 6002, 6004, 6006, and 6008 arc
connected to terminals in rack 3111, and in .com-
bination with relays 6010 and 6011 which are
operated in accordance with the cross-connec-
. . tions at rack 3185 determine ten points at which

15 the new groups of lines may start within the new

twenty-block relay. It is intended that five re-
lays, such as relay 3103, and five added twenty-
block relays be provided, thereby permitting a

10

maximum of fifty added groups in which not

20 more than two lines are added to each original
group, with a net increase of one line per group.
If the number of lines added to the original

. groups is more than two, the number of groups
~added must be proportionally decreased until the

25 opposite extreme is reached of five added groups
each containing twenty lines, with a net increase
of nineteen lines per group, since one added line
substitutes for the line sacrificed for cross-con-

- necting.

30
line in a group is found, one of the relays 5900
to 5903 is operated.

Seizure of line group and control "circuit

Returning to the establishment of the original
call and assuming that relay 5900 is operated, as
was previously described, indicating that the
wanted line is located in the No. 0 frame of this
‘particular choice, relay 5900 closes a circuit from
40 ground at the left back contact of relay 4521,

conductor 4548, through the winding of relay

5920, right contact of relay 5900, conductor 5935,

armature 3343 of relay 3200, to conductor 3244,

leading to the line group control circuit of this
45 frame. If no outgoing call is being handled, or

as soon as the control circuit is freed from an
outgoing call, conductor 3244 is extended over
the middle left back contact of relay 1615, outer
right back contact of relay 1603, first left back
50 contact of relay 1602, right winding of relay 1501
and battery. Relays §920 and 160f operate in
this circuit, relay 1601 locking over the inner

Jleft back contact of relay 1602, inner left front

contact of relay 160/ and middle left back con-
55 tact of relay 1615 to conductor 3244, independent

35

of relay 1603 and also opening the operating cir-"

cuit of relay 1603 to prevent interference by any

call originated in this frame.” Relay 1601 alsc

closes a circuit from ground at the inner left

- 60 back contact of relay 1603, outer left contact of

relay 16014, conductor 1626, left winding of relay
3100 and battery, operating relay 3100.

It may. be noted that while this marker is com-

pleting a call in the selected frame, originating -

¢5 calls may be in progress or other frames in the
same choice which use other line link control
circuits. Since there is only one line choice ‘con-
nector, only one terminating call can‘ enter a
choice at a time. ) :

Selection of line links for test

With relays 3100 and 3(01 operated, a circuit
is closed from ground over the back contact of
relay 5932, inner right contact of relay 5920, con-

75 ductor 3246, armature 3245 of relay 3200, front

70

When the wanted line is found idle or an idle
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contacts of relays 3101 and 3100, conductor 2106

to the winding of relay 1208 and battery. Relay

1208 connects the primary and _secondary select .

magnets of the line link group serving line. 1200

to the line choice connector, as well as. the test.

circuits for the line links. It will be noted that’

- relay 5920 locates the wanted line in g particular

frame and relay 3101 in a particular level on the

frame, thereby identifying the group of line junc- .
tors over which the incoming junector may be

connected to the wanted line.

Relay 5920 also closes a circuit from ground at

its outer right contact, conductor 5940, winding
of multi-contact relay 6100 and battery.

Selection of line links and incoming links

18

Relays 6100 to 6103 are operated from relays '

5920 to 5923 for the purpose of closing a sufficient
number of contacts and each serves one of the
four frames making up a line choice, their con-
tacts extending in multiple to the contacts of the
line choice relays like relay 3200. These relays
each prepare ten circuits for testing the line links
of the horizontal group and ten circuits for op-
erating the corresponding select magnets of the
primary line switch. These circuits extend in

multiple to the line group and control circuit.

where the operation of the horizontal group relay
extends them to a particular level. :

In addition relays 6100 to 6103 operate one of
the relays 6200 and 6201 to indicate whether the
frame is an odd or an even frame and one of the
relays 6202 and. 6203 to indicate whether it is a
left or right frame. From the description of the
skeleton drawings, it will be. remembered that the
right and left line frames connect with the right

and left incoming frames respectively by sepa-
rate groups of line junctors, while the line -

Junctors are multipled to the two odd and the
two even line frames. Therefore the frame on
which the wanted line is located differentiates be-
tween two groups of incoming links and two
groups of line junctors.

With relay 6100 operated, even relay 6201 and
left relay 6202 are operated. Relay 6201 prepares
the operating circuits for ten hold magnets of the
secondary line switches serving the wanted line.
Relay 6202 prepares the circuits for testing ten
incoming links and for operating a line junctor

. relay in the line choice connector circuit, which in

turn closes circuits for testing ten line junctors
and further extends the circuits for operating the
secondary line switch hold magnets.

Operating select magnets of secondary incoming
selectors )

When relay 4835 operated to indicate the oper-
ation of the line choice connector it grounded
conductor 4870, energizing the upper winding of
polarized relay 4014 to hold its left contact open.
It also completed a circuit over the normal con-
tacts of relays 4008 and 4009 to the winding of
relay 4113 and battery. With relay 4113 oper-
ated, when relay 4834 operates ‘to indicate that
the incoming connector had been seized, a circuit
is closed from ground at the second right contact
of relay 4834, conductor 4874, front contact of
relay 4113, conductor 5666, armature 5626 of relay
5600, conductor 3123, through the sender link to

- conductor 5823, winding of relay 5818 and battery.

Relay 6818 operates, connecting ground to con-
ductor 5821 to operate link cut-in relay 5735.
There are ten such relays in the incoming con-
nector, each being associated with ten incoming
Jjunctors which connect to one primary incoming
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switch Each relay has f.en contacts for the pur-

pose of operating ten select magnets on the ten

- gécondary incoming switches. The level of the se-

~ lect magnet on any particular secondary incom-

- § Ing switch is the same as the number of the pri-

mary incoming switch whose incoming links were

cut through by the operated incoming link cut-in

relay. Therefore, relay 5735 in operating closes a,

circuit from ground over the lower contact of

10 jack 5731 over armature 5742 of relay 5735

through the winding of secondary select magnet

5712 to battery. Nine similar circuits are closed
for the other nine secondary switches.

Operatina select magnet of primary incominy
selector

Relay 5818 also connects ground to conductor
5845 to operate primary select magnet §702 in-
dividual to the incoming junctor in the primary

20 incoming switch. It also connects relays 5811,
8813 and 5815 to conductor 5828, 5829 and 5830,
respectively, to receive ringing mformatlon from
the marker.

15

Operating select magnets of secondary lme '
swilches

The ten select magnets of the secondary line
switches for the ten line junctors which serve the
wanted line are operated immediately following

30 the operation of relay 1208. For example second-
ary select magnet 1211, is operated over arma-
ture 1212 of relay 1208 and the upper normal con-
tact of jack 1610.

Selection of incoming links for test

There are twenty incoming links connecting the
primary incoming switch in which the incoming
junctor appears with secondary incoming switch-
es, any one of which may be used in completing

40 the connection. The sleeve conductors of these
incoming links are extended over contacts of the
link cut-in relay and the marker connecting re-
lay to the contacts of relays 6202 and 6203, relay

25

35

6202 controlling those leading to the left second- °

‘45 ary switches while relay 6203 controls those lead-
ing to the right secondary switches.

There are two hundred line junctors outgoing
from the secondary incoming switches to the sec-
ondary line switches. These are divided into &

50 left group and a right group, each group con-
necting in multiple to two of the four line groups
or frames of a line choice. Each group may be
considered as made up of ten vertical columns or
rows of ten junctors each. Each vertical row of

55 ten junctors, plus the leads to the twenty asso-
ciated hold magnets on the secondary line

. switches, are cut into the marker by a line junctor
.relay, such as relay 3201, in the line choice con-
nector. This relay, therefore, corresponds to a
60 vertical row of hold magnets on one incoming

’ frame. It is operated by the marker and it Is
determined by the frames which the associated
junctors connect, and by whether the first, sec-
ond or some other junctor group is desired on

65 the particular test. The selection of junctor
groups will be described hereinafter.

Consideration of the arrangement of links and
junctors as shown in the skeleton drawings of

"Pigs. 4 to 11 reveals that on any one call on a
70 particular test, there are not more than ten paths
over which a call from a particular incoming to
a selected line can be set up. Each of these
paths consists of an incoming link, line junctor
and 'line link. This set of link, junctor and
75 link is what is referred to as a cilanne] in the
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following description. In cases where there are
less than ten line cholces, additional groups of
ten or less junctors may be used if the first group
of ten junctors proves to be busy. In the skele-
ton drawings, it is assumed that there are ten
choices, while in the detailed drawings, in order
to indicate the operation of the repeated test
arrangement, it has been assumed that there are
only eight choices.

Channel test circuits

Two relays are provided for testing each chan-
nel, one for testing the incoming link and line
Junctor and the other for testing the line link.
These are relays 3410 to 8418 and 3420 to 3429,
respectively. ‘The test circuit for the Iline link
shown in Fig. 12 may be traced from the sleeve
conductor of that linik over armature 1223 of
relay 1208, conductor 1224, contact of jack 1610,
conductor {623, armature 3247 of relay 3200\
conductor 3248, innermost contact of relay 6100,
conductor 6104, outermost left back contact of
relay 5410, conductor 54186, inner lower back con-
tact of relay 3409, winding of relay 3428 to bat-
tery. Nine slmilar circuits. testing the other
nine line links serving the wanted line are ex-
tended to the windings of relays 3420 to 3424,
3425 etc. If any of the links are busy, they will
be grounded and the test relay will operate.

The test circuit for the incoming link may be
traced from the sleeve conductor 5743 of the link,
armature 5144 of relay 5735, ring contact of jack
5737, armature 5145 of relay 5722, conductor
5746, armature 6215 of relay 6202, conductor
6216, outer upper back contact of relay 3409, low-
er winding of relay 3419 and battery. In this
case, the remaining nine links, as determined by
relay 6202, are tested by the lower windings ot
relays 3410, 3414, 3415, ctc., and where a link is
marked busy by a grounded sleeve the corre-
sponding relay operates.

Selection o{ line junctors for test

10

20

25

40

The selection of a group of line junctors for

test depends on a number of conditions. Each
incoming frame has two hundred outlets and
each line switch frame has one hundred out-
lets, but is a part of a group of four, making up
a choice which therefore has four hundred out-
lets. These outlets are joined by the line junc-
tors, the line frames of the choices being multi-
pled in pairs so that each choice is served by
two hundred junctors, The line junctors are
spread from the incoming frames to the line
frames as evenly as possible.

In the simplest case, when there are ten in-.

coming frames and ten choices, the distribution
is very similar to the distribution between pri-
mary and secondary switches, the ten junctors
from one incoming switch appearing in corre-
sponding positions in each of ten choices, and
-ten junctors from each frame appearing in each
half-choice. In this case, the test and operat-
ing leads for the line junctors may be controlled
simiply by a relay, such as relay 3201, in the line
choice connector, determined by the incoming
frame over which the call originated.

If the number of incoming frames is less than
ten, but is such that the ten junctors from any
secondary line switch may be spread evenly
thereover, for example, 2 or 5, each frame will
be connected by the same plurality of junctors to
each secondary line switch. In this case, by the
use of a group of junctor group relays like 6400
-and 6404 and a progress circuit involving sets

43

60

75
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of relays 6401 to 6403 and 6405 to 6487, the mark-

er will test a different set of ten junctors on suc-

cessive calls or, if the first test finds all the June-
tors busy, on successive tests. In the case of
two incoming frames, each frame will have fitty

Junctors leading in a desired direction and the

marker will be equipped with five relays like re-

lay 6400 and five sets of progress relays. In the
bresent disclosure, it has been assumed that

10 there are eight frames, so that only two junctor
group relays and two sets of progress relays are
needed. The junctor group relays control the
operation of the proper line junctor relay in the
line choice connector.

15 If there are any other number of incoming
frames, for example 9, in each vertical row of
line junctors at the line switch frame there will
be one spare junctor and these spare junctors
are spread over the frames as evenly as possible,

20 giving eight frames one extra junctor and the
ninth frame two extra junctors. These spare
Junctors are grouped under common line junc-
tor relays. On a first test, ten junctors will be
tested. In case all the first tested channels are

25 busy, the group of spare junctors will be con-
nected with by means of the line junctor relay
and a junctor pattern relay is used to complete
the test circuits for the junctors which may be
used in the particular call. This junctor pattern

30 relay transmits an artificial busy signal to the
test relays which would test the junctors which
do not lead in the desired direction. These re-
lays are shown in Fig. 33. As many as ten such
relays are needed in the case of nine incoming

35 frames with smaller numbers for other cases, A
normal pattern relay connects through the ten
Jjunectors primarily available and is operated from
the first junctor group relay. The other group
relays operate a particular pattern relay accord-

40 ing to the number of the test, the frame calling
and in some cases the line choice called. If the
spare junctors arée arranged in the same way in
each choice, no choice relay is needed but if the
pattern varies between choices, line choice re-

45 lays, such as relay 6204 are provided to further
control the operation of the pattern relay.

Returning specifically to the present disclos-

- ure, under the assumption that there are eight
incoming frames, that there are other than ten

50 line choices and that the junctor pattern varies
with the line choice, the choice of a group of
line junctors for test proceeds as follows:

When the line choice connector operates, re-
lay 3200 closes a circuit from ground over arma-

55 ture 3249 and conductor 3250 to the winding of
relay 6204 and battery. Similar relays are pro-
vided for the other line choices and operate from
the associated line choice connector.

During the interval between calls, relay 5524

60 is idle and a circuit is closed from ground over
its inner left back contact, conductor 5525, back
contact of relay 6403, winding of relay 6402 and
battery. Relay 6402 locks to ground at the right
back contact of relay 6406. As soon as the mark-

65 er Is seized by the marker connector, ground is
connected over armature 5663 of relay 5608, con-
ductor §669, over back contacts of relays 5514,
§512, 5505, 5501 and 5516 as a check of the nor-
mal condition of the timing circuit, third left

70 back contact of relay 4834, to the winding of
relay 5524 and battery. Relay 5524 operates,
opening the circuit of relay 6402 and closing a
circuit over its outer left front contact, conduc-
tor 5526, upper back contact of relay 4104, con-

75 ductor 4114, Jeft back contact of relay 6406, left

s
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front contact of relay 6402, winding of relay 640{
and battery. -Relay 64(\“ operates and locks to
ground at the right back contact of relay 6405.

It also closes a circuit from ground at the right

back contact of relay 6406, outer left front con-

tact of relay 6401 to the winding of relay 6400

and battery. Relay 6400 closes %l{rough ten con-
ductors by which the seizlné\incomlng frame may
operate a line junctor group relay. It also con-
nects ground to conductor 6408 and the winding
of the normal pattern relay 3360 which connects
the ten line junctors to be first tested to the ten
test relays 34108 to 3419. When relay 4835 oper-

10

ates following the connection of the marker to -

the line choice, ‘a circuit is closed from ground
at-the middle left contact of relay 4835, outer left
back contact of relay 4834, conductor 48175, right
front contact of relay 6401, winding of relay 6403
and battery. Relay 6403 locks over its right con-
tact, conductor 641 to ground at the middie left
contact of relay 4835, the operating circuit being
opened when relay 4834 operates. If no second
test is to be made, relay 6403 remains operated
until the marker is released. Relays 6401 and
6402 remain locked until the next test is made
whether on the same or a succeeding" call.

When the incoming connector relay 5722 oper-
ates, it connects ground over armatures 5747 and
5748 to conductors 5749 and 5750. Conductor
5148 extends to terminal 6217 at cross-connect-
Ing rack 6218, where it is cross-connected to ter-
minal 6224 at rack 6222 whence the circuit ex-
tends over conductor 6223, front contact of re-
lay 6400, conductor 6498, terminal 6224 st rack
6225 cross-connected to terminal 6220 at rack
6219, upper contact of the inner set of armatures
on relay 6202, conductor 6226, armature 3253 of
relay 3200, terminals 3251 and 3252 at rack 3202,
winding of line junctor relay 3201 and battery.
Relay 3201 connects the test leads and the oper-
ating circuits for the hold magnets from ten
junctors connecting the calling incoming frame
with the called line frame, through to armatures
of relay 3200. .

When relay #4835 operated it closed a circuit

from ground at its second right contact over con-.

ductor 4876 to battery through the winding of
relay 4101 which supplies the upper windings of
relays 3410 to 3419 with battery. With relay 3201
operated, the test circuit for line junctor 1232
may be traced from the sleeve conductor 1233,
over conductor 1238, armature 3254 of relay 3201,
armature 3200 of relay 3255, conductor 3256,
armature 3301 of normal junctor pattern relay
3300, conductor 3302, middle upper back contact
of relay 3409, upper winding of relay 3419, con-
ductor 3433, front contact of relay 4101 and bat-
tery.

A circuit has now been prepared for each of the
relays 3420 to 3429 and two circuits for each of
the relays 3410 to 3419. Relays 3410 and 3420
test parts of the same channel comprising one
line link, one incoming link and one line junctor
connecting the two links. If any one of the ele-
ments of a channel is busy, the channel cannot
be used.

Channel selection .

When relay 3201 operated, a circuit was closed
from ground at the second lower front contact
Of relay 5818 in the incoming trunk circuit, con-
ductor 5821, armature 5751 of relay 5135, arma-
ture 5752 of relay 5722, conductor 8753, left front
contact of relay 5920, conductor 5936, armature
32317 of relay 3200, conductor 3238, armature {239
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of relay 1208 in the line link control circuit of -

the chosen frame, as indicated by the operation
of relay 5920, conductor (237, upper confact of
relay 3201, armature 3235 of relay 3200, conduc-
5 tor 3239, winding of relay 4104 and battery. Re-
" lay #4108 in operating indicates that the incoming
trunk and connector are connected with the
marker, that the propér line group or frame,’hor-
- izontal group and line junctor group have all
10 been connected with and the channel test circuits
should be complete.
Relay 4106 is & timing relay similar to relay
4534, It receives battery over conductor 4865
. from the inner left front contact of relay 4833.
15 The upper winding is connected through resist-
ance 4107 to ground at the middle right contact
of relay 4833 and the lower winding to ground at
the lower back contact of relay 4104 and through
condenser 4105 to ground over the outer right
20 contact of relay 4833 and resistance 4832. 'The
lower winding tends to hold the contact of the
relay open while the upper winding tends to
close it. With relay 4104 released, condenser 4105
is shunted and the current in the lower winding
25 of relay 4106 overcomes that in the upper wind-
ing. When relay 4104 operates, it opens the cir-
cuit of the lower winding, but condenser #4105
charges through that winding to produce a cur-
rent flow which delays the closure of the relay
30 contact for a sufficient length of time for the test
relays to operate.
conductor 48716 it closed 2 circuit extending over
the normal contacts of relays 3409 to 3400,
through the winding of relay 4103 and battery.
35 Therefore, when relay 4106 closes its contact it
prepares a channel selecting circuit which ex-
tends from grounded conductor 4876, back con-
tact of relay 4102, upper front contact of relay
4103, front contact of relay 4106, outer right back
40 contact of relay 4703, inner upper back contact
of relay 4100, to the upper armature of relay 3420.
- If relay 3420 is operated, the circuit extends to
the armature of the next relay of this group over
the front contact of relay 3420. If relay 3420 is
45 unoperated the circuit extends over the back con-
tact of relay 3420 to the armature of relay 3410.
If relay 3410 is operated, the circuit extends to
the armature of the same relay as from the front

contact of relay 3420. If relay 3410 is also idle,

50 the circuit extends to the winding of relay 3400.
Similar circuits are closed by each of the relays
of the two groups. Therefore, if any element of
a channel is busy, that channel cannot be used
and the selecting circuit advances to the next

55 set of channel testing relays.

First group of channels busy

Assuming for the moment that all of the ten
channels tested are busy at some point, the select-

60 ing circuit will extend over the armatures of re-
lays 3420 and 3424 and intermediate relays over
the inner lower back contact of relay 4100, over
the armatures of relays 3425 to 3429, middle
Iower back contact of relay 4100, to conductor
65 5525, left front contact of relay 6403, left back
contact of relay 6407, winding of relay 6406 and
battery. Relay 6406 locks over conductor 6411
under the control of relay 4835 and opens the
.locking circuit of relay 6402 and the operating
70 circuit of relay 6400, thereby releasing the nor-
mal pattern relay 3300 and opening the test cir-
cuits for the line junctors. Relay 6400 also opens
the circuit of the line junctor relay 3201 in the

- line choice connector. The release of relay 3204
75 in turn releases relay 4104 which reestablishes the

When relay 4835 grounded

33
shunt around condenser #4105 and causes relay
4106 to open the selecling circuit. With relay
4104 released, ground from the front contact of
relay 5524 is again connected to conductor #114
and relay 6405 operates over the front contact
of relay 6406. Relay 6405 extends ground from
conductor 6411 to the winding of relay 6404. The
selection of-a junctor pattern relay and the line
junctor relay for this second test is under the
control of the line choice relay 6204 in addition
to the other controls. The circuit for the second
junctor pattern relay may be traced from ground
over armature 5748 of relay 5722, conductor 5750,
contact of second choice relay 6404, conductor
6410, contact 6227 at rack 6228, contact 6229 at
rack 6206, contact of relay 6204, contact 2237 at
rack 6231, contact 6232 at rack 6233, conductor
6234, contacts 3302 and 3305 at rack 3304, wind-

+ing of pattern relay 3306 and battery. The two
extra line junctors are cross-connected for this
incoming frame so as to be available over links
0, 4, and 8. Therefore test leads for these junc-
tors are completed in these channels by relay
3306, while the remaining line junctor test relays
receive ground over the contacts of relay 3306.

Second channel test

The circuit for the second line junctor relay
extends from ground over armature 5747 of relay
5722, conductor 5749, contact 6217 at rack 62i8,
contact 6221 at rack 6222, conductor 6223, con-
tact of relay 6404, conductor 6412, contact 6235
at rack 6625, contact 6236 at rack 6206, contact
of relay 6204, contact 6230 at rack 6231, contact
6238 at. rack 6219, contact of relay 6202 and
thence to the winding of a new line junctor relay
in a circuit similar to that traced for relay 3201.
The channel test is repeated. If these channels
are likewise busy, ground is again connected to
conductor 5525, extending over the front contacts
of relay 6403 and 6406, conductor 6413, to the
winding of overflow relay 3909 and battery. The
function of relay 3909 will be described herein-
after.

Assuming that the tenth channel is available
on the first test, neither relay 3429 nor relay 3419
will be operated and the channel selecting cir-
cuit will extend to the winding of relay 3408 and
battery. As soon as relay 3409 operates it locks
over its inner upper front contact to grounded
conductor 4876, and opens the operating circuit
of relay 4103 which in turn opens the operating
circuit of relay 3409. i

Operating select magnet of primary line switch

At its lower front contact, relay 3409 closes a
circuit from ground to conductor 3437, armature
6108 of relay 6180, conductor 6109, armature 3264
of relay 3200, conductors 3265 and 2808, arma-
ture 1228 of relay 1208, winding of primary se-
lect magnet 1226 and battery, preparing the line
link for seizure.

Testing incoming link hold magnet circuit

The operation of relay 3409 transfers the links
and line junctor of the corresponding channel
to testing and operating circuits. The sleeve con-
ductor 5743 of the incoming link which previous-
ly extended over the outer upper back contact of
relay 3409, now extends over the outer upper
front contact of that relay, lower back contact of
relay 4111 through the lower winding of marginal
relay 4108 to ground. If the hold magnet 5701
is satisfactorily connected as indicated by the
presence of battery, and if no double connection
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or cross-connection to ground exists indicated by
the absence of ground, relay 4108 operates, lock-
ing over its upper front contact to grounded con-
ductor 4878. Magnet 5701 may or may not oper-
ate at this time,

Testing line link and operating hold magnet of

secondary line switch

At the same time the line link is being tested.
This circuit extends as previously traced to the
middle lower armature of -relay 3409 and, with
that relay operated, over its front contact, upper
back contact of relay 4118 to the lower winding
of relay 4109 and ground. If this link is also
satisfactory, relay 4109 also operates, locking
through its upper winding to conductor 4870 and
extending this ground to the winding of relay 4110
which also operates. With relay 41108 operated
the line link is transferred from the winding of
relay 4109 to the winding of relay 4112 and bat-
tery over the upper back contact of relay 4111,
With relays 4108 and 4110 operated, ground from
the left back contact of relay 5518 and conductor
55217 is extended over the lower front contacts of
relays 4188 and 4110, middle upper front contact
of relay 3409 to conductor 3302, leading to the
sleeve conductor 1233 of the line junctor. A par-
allel circuit extends from ground over the middle
upper front contact and inner lower front con-
tact of relay 3409, conductor 3434, contact of re-
lay 6201, conductor 6238, armature 3257 of relay
3280, armature 3258 of relay 3201, conductor 3259
to the winding of the hold magnet 1243 of the
secondary line switch 1240, Magnet 1243 oper-
ates in this circuit connecting its winding and
sleeve conductor 1233 of the line junctor over its
lower contact and over the sleeve contact of the
cross-points to the sleeve conductor of the line
link. This conductor being connected to the
winding of relay 4112, relay 4112 operates if the
sleeve cross-point has closed properly. Relay
4112 locks over its outer upper front contact to
conductor 4870 and operates relay 411 over its
inner upper front contact. Relay 4111 discon-

-nects relay 4112 from the sleeve conductor.

Operating hold magnets of secondary and primary
incoming selectors

"The ground connected to the sleeve conductor
1233 'of the line junctor also operates hold mag-
net 57t1 belonging to that line junctor in the
secondary incoming switch 5T10. Magnet 5711
extends its operating ground over the sleeve con-
tact of the cross-point to sleeve conductor 5743
and the winding of the primary hold magnet 5701
which in turn closes its cross-point extending this
ground over the cross-point to conductor 5754,
outer lower front contact of relay 5818, conductor
5831, armature 5755 of relay 5135, armature 5756
of relay 6722, conductor 5757, lower front con-
tact of relay 4112, winding of relay 4901 and
battery. The operation of relay 4001, therefore,
indicates the satisfactory closure of the cross-
boints at the secondary line switch and the pri-
mary and secondary incoming switches.

Test of talking conductors

A false battery on the tip conductor or a “alse
ground on the ring conductor of the incoming
switches or line switches would cause a false
charge by operating relay 5808 of the incoming
junctor prematurely. Therefore, from the time
relay 5818 of the incoming junctor operates, un-
til relay 43801 operates as above described, the tip
contacts of the primary incoming cross-points

2,089,921

are connected over conductor 5833, outer upper
front contact of relay 5818, conductor 5832,
armature 5158 of relay 5135, armature 5760 of
relay 5722, conductor 5762, outer right back con-
tact of relay 4001, second left back contact of re-
lay 4000, right winding of relay 4004 to ground
and the ring contacts of the primary cross-points
are connected over conductor 5834, third lower
front contact of relay 5818, conductor 5835,
armature 5159 of relay 5735, armature 5161 of
relay 5122, conductor 5763, inner right back con-
tact of relay 4001, inner left back contact of relay
4000, left winding of relay 4004 to battery. When
the primary and secondary incoming switch
cross-points and the secondary line switch eross-
points are closed this circuit also tests for false
battery and ground on the line conductors of the
links and line junctor. If relay 4004 operates it
locks under the control of relay 5518 and pre-
vents the completion of the call.

Operaling line hold magnet
Assuming that relay 4004 does not operate,

when relay 4601 operates as above described, it

closes an obvious circuit for relay 4002, which
in turn operates relay 4000, relay 4000 locking
to grounded conductor 4870. When relay 4519
operated as previously described it connected
relay 4532 over conductor 4549, right back con-
tacts of relays 6011 and 6010, conductor 6020,
inner right back contact of relay 4000, left back
contact of relay 4005, inner right back contact of
relay 4703, conductor 4718, right front contact
of relay 4519, conductor 3219, armature 3218 of
relay 3200, armature of relay 3108, terminals
3124 and 3125 at rack 3111, to the sleeve con-
ductor 1229 of the line to test for the subsequent
busying of the line. If the line has not become
busy, when relay 4000 operates, it transfers the
sleeve conductor from conductor 6020, over the
outer left front contact of relay 4002, outer
upper back contact of relay 4100, left back cons
tact of relay 4004, inner lower front contact of
relay 4104 to grounded conductor 5521. This
ground operates the line hold magnet 1201, com-
pleting the connection between the line and the
incoming trunk.

Test for double connections

During the interval between the operation of
relay 4081 and the operation of relay 4000, relay
4004 is connected in the reverse direction to the
tip and ring conductors through the switches as
a test for double connections which would indi-
cate their presence by the ground and battery
from the repeating coil on these conductors. In
this case also the operation of relay 4004 renders
relay 4000 ineffective to operate the line hold
magnet. )

Test of switch cross-point continuity

When relay 4000 operates, relay 4004 is discon-
nected from the tip and ring conductors and the
tip conductor is extended over the inner left
front contact of relay 4000, conductor 40186,
outer right back contact of relay 4618, con-
ductor 4611, right back contact of relay 4008,
through the full wave rectifier 4615, and the
lower winding of polarized relay 4014 to the
source of ringing current 4018. 'The ring con-
ductor is extended over the second left contact
of relay 4000, conductor 40(1, inner right back
contact of relay 4610, conductor 4612, left back
contact of relay 4088 to ground through resist-

ance 4007, Relay 4014 has two functions, namely,
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to inform the marker when the line hold magnet
has operated and to check the continuity of the
switch cross-points. .
Relay 4014 operates if the cross-points are
5 properly closed over. the subset and the line
loop because of the alternating character of the
current, which, because of the high resistance of
relay 4014, does not ring the subscriber’s bell.
In the case of party lines the relay operates to
10 the substation ground but does not ring the bell.
It will be remembered that one of the relays
5910 to 5913 is operated when the called line
grounds the tip side of the line and is to be
signaled thereover. A}IY one of these relays
15 closes a circuit from battery through the wind-
ing of relay 4610, coq‘ductor 4613, front contact
of the operated relay, for example relay 591f,
and the back contactiof the remaining relays, in
this case relay 5910, back contacts of relays 5903
20 to 5800, conductor 5831, left back contact of re-
lay 4528, conductor 4550, left back contacts of

relays 6011, and 6010, conductor 6023, left back .

contact of relay 47111, to ground at the back con-
tact of relay 4710. Therefore, when the called
25 line is one which grounds the tip side of the line
relay 4610 is operated, reversing the connection
of relay 4014 to the line and preparing the
operating circuit for that relay in case there is
no ring party connected to the line at the time.

30 Test for false tip ground

Prior to this point in the operation of the

marker, a test is made for a false ground on the

tip conductor for the three fold purpose of de-

35 tecting two-party lines on which the ground has
been deliberately applied to avoid payment, to
detect double connections  which have been
caused by the operation of the line hold magnet
and to detect cross-connections between the tip

40 conductor of the line and the message register
lead. This test is made by relay 4113.

It will be remembered that this relay was oper-
ated over the back contact of either relay 4008 or
relay 4009 when relay 4835 operated, in turn

45 operating relay 5818 in the trunk circuit. When
polarized relay 4014 operates as above described
it closes an obvious circuit for relay 4010, which
locks to grounded conductor 4870 and extends

this locking ground to the winding of relay 4008.

50 Relay 4008 at its inner right back contact dis-
connects relay 4113 from ground and at the same
time connects it over the back contact of relay
4100 and the right and left front contacts of relay
4008 to conductors 4612 and 461 in parallel,

55 Ringing control

In the meantime, the operation of relay 5900

has transmitted a ringing start signal to the .in-
coming selector. Relay 5900, as well as the other
¢¢ relays of the group, closes a circuit from ground
at the back contact of relay 4710, left back con-
tact of relay 4111, conductor 6023, left back con-
tacts of relays 6010 and 60f{, conductor 4550,
left back contact of relay 4528, conductor 59317,
¢ left front contact of relay 5900, conductor 5938,
outer right back contact of relay 3901, right back
contact of relay 3908, left back contact of relay
-4529 to the winding of relay 4605 and battery.
The circuit is carried over the back contacts of re-
70 1ays 3901, 3908 and 4529 to prevent ringing in the
case of intercepted calls, calls to busy lines and no
test calls. Relay 4608 is operated when relay
4834 operates, over the back contacts of relay
4604 and 4609 to test the non-operation of these
75 ringing control relays, and over the back contacts

35

of relays 4712, 471(, 3309 and 3908 to check the
normal condition of the no-test, busy back and
overflow relays. When relay 4605 operated it
closed a circuit from ground at the inner left
front contact of relay 4834, conductor 4811, third
left back contact of relay 4000, inner right front
contact of relay 4608, right front contact of relay
4605, to the winding of relay 4604 which oper-
ates and closes a locking circuit over its left front
contact to ground at the inner left front contact
of relay 4010. Relay 4605 also connects ground
as above traced over conductor 4614, armature
5764 of relay 5722, armature 57165 of relay 5135,
conductor 5830, third upper front contact of re-
lay 5818 to the winding of relay 5815 and battery.

As previously mentioned if one of the relays
5910 to 5913 had heen operated to indicate that
the subscriber was to be rung over the tip side
of the line relay 4610 would have been operated.
Relay 4610, when operated, connects ground from
conductor 4871 over the fourth left back contact
of relay 4000, outer right front contact of relay
4608, middle left front contact of relay 4610 to
the winding of relay 4608 and over conductor
4615 to the winding of relay 5818. Relay 4610
also closes a circuit from ground at its inner left
front contact, back contacts of relays 3908, and
4529 to the winding of relay 4685 and battery,
which operates as above described to ground con-
ductor 4614 and operate relay 4604.

With relays 4605 and 4604 operated, a circuit, is
closed from battery through the winding of relay
4009, conductor 4018, left front contact of relay
4605, middle left back contact of relay 3908, outer
right front contact of relay 4604, back contacts of
relays 4610 and 4609, left back contact of relay
4600, conductor 4616, left back contact of relay
4924, conductor 4934, right back contact of relay
4601, right back contact of relay 4602, left back
contact of relay 3909, outer left back contact of
relay 3908, right back contact of relay 3901, left
back contact of relay 4603 and ground. It may be
noted that the circuit is completed provided re-
lays 4609 and 4610 are either both operated or
both non-operated. Similarly, it extends over
back contacts of relays 4600, 4601 and 4924 or
over front contacts of the same relays. Relay
4600 serves to control the polarity of the ringing
current where four-party lines are employed and
is operated whenever relay 4924 is operated, since
the lines in the lower and upper five hundred
groups require different superimposed ringing
current. The incoming junctor shown serves
two-party lines only and in an actual installation
relays 4600 and 4601 and their associated wiring
would be omitted or by-passed. Relays 4602 and
4603 are used for.tone control or to mark free lines
and therefore should be operated only in con-
nection with a busy back or overflow condition
or when the free line relay 3907 is operated.
Therefore, the checking circuit extends over the
back contacts of relays 3909, 3908 and 3901 as
well as over the back contacts of relays 4602 and
4603; or if relays 4502 and 4603 are operated,
over their front contacts and the front contact
of one of the relays 3909, 3968 or 3907,

Relay 4009 in operating opens one point in the
circuit of relay 4113 so that when relay 4008 con-
nects relay 4113 to the tip and ring conductors it
responds to the condition of the line. If no

~ ground is present in excess of the allowable leak,

relay 4113 releases, in turn releasing relay 5818.
If a false ground is present, and relays 4113 and
5818 remain operated, the marker timing circuit
functions to bring about a second trial.
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‘A line equipped with a coin »ox in which a coin
has been deposited, or a two-party line, whose
receiver has been lifted just prior to this test
will have a ground on the t:p of the line. In the

5 case of the coin line, the marker will cancel the

test for the tip ground on the second trial as will

- appear hereinafter and will set up the call-to the

line after having made a. trouble indicator rec-

ord. In the case of the two-party line, the

10 marker will find the line busy on second trial
and - will return a busy signal.

Ringing circuit

When relay 5815 operated, it locked over its
inner upper contact, back contact of relay 5810
to ground over the outer upper front contact of
relay 5805. Relay 5815 opens the shunts around

15

condensers 5816 and 5817, closes a circuit from .

the source of ringing current over conductor 5836,
inner lower front contact of relay 5815, wind-
ing of relay 5810, upper back contacts of relay
5813, outer lower front contact of relay 5815
to the back contact of the.third lower armature
of relay 5818. It also connects generator ground
on conductor 5837, over the lower back contact
of relay 5813, outer upper front contact of re-
lay 5816 to the back contact of the uppermost
armature of relay 5818. Ringing tone is ex-

20

25

30 condensers 5816 and 5811.

‘When relay 5818 releases it closes the tip and
ring conductors of the trunk through to the
line and applies ringing current thereto. It also
connects ground from the lowermost front con-
tact of relay 5805 through low resistance 5812
and the lower alternate contact of relay 5818
to conductor 5754 to hold the primary and sec-
ondary hold magnets of the incoming and line
switches operated.

35

Release of marker and sender

When relay 5818 releases, it opens the circuit

of relay 5735 in the incoming connector and also
45 the circuit of relay 4104. When relay 4104 re-
- leages it disconnects grounded conductor 5527
from the sleeve of the called line, by which the
hold magnets had been held. At this time re-
lay 5818 should have completed its holding cir-
50 cuit for these magnets. The release of relay
5818 also opens the circuit of relay 4001, but

-relay 400! being slow to release remains oper-.

ated for an interval, holding relay 4002 oper-
ated. When relay 4002 releases, the ground
55 supplied by relay 5818 to conductor 5154 com-
pletes a circuit over the sleeve contact of the
primary incoming cross-point, sleeve conductor
5743 of the incoming link, sleeve contact of the
secondary incoming cross-point, sleeve conduc-
tor 1233 of the line. junctor, sleeve contact of the
secondary line cross-point, sleeve conductor of
the line link, sleeve contact of the primary line
cross~point, conductor 1229, contacts 3125 and
3124 at rack 3111, contact of relay 3108, arma-
ture 3218 of relay 3208, conductor 3219, right
front contact of relay 4519, conductor 4718, in-
ner right back contact of relay 4703, left back
contact of relay 4005, outer right front contact
" of relay 4000, left back contact of relay 4902,
»o conductor 4020, back contact of relay 4606, con-
ductor 4617, left back contact of relays 4829 and
4828, conductor 4812, armature 56671 of relay
5600 in the marker connector, conductor 5663,
right winding of release relay 3707 of the sender,
7g and battery.

tended back to the called subscriber through -
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Relay 3707 closes a holding circuit for ftself
to conductor 3749 which is grounded by relay
3114 to insure that it release after relay 3714. It

also supplies a substitute ground to the sender:

busy relay 3510 to mark the sender busy until
fully released. It disconnects battery from the
marker connector start conductor 3730 releasing
the marker connector and disconnecting the
sender from the marker. In addition, it dis-
connects ground from the locking circuit of re-
lay 3700 which, in turn, opens the locking cir-
cuit of relay 3714, These two relays remove
the locking grounds from the other sender relays
and when released also release relay 3707. Re-
lay 3707 also opens the holdirfg circuit for the
sender selector hold .magnets 5124 and 5125,
thereby releasing the sender from the incoming
junctor. However, the locking circuit of relay
3700 also extends over the second left contact of
relay 3114 to the circuit of the hold magnets 5124
and 5{25 so that, if a false ground is present
which would prevent the restoration of the send-
er switches, relays 3700, 3714 and 3707 will be
held operated, permitting the timing equipment
to function and signal the maintenance man.
The release of the marker connector releases
all of the recording relays of Figs. 48 and 49,
It also disconnects ground from conductor 5658,
releasing relay 4824. Relay 4824 opens the cir-
cuits of the translator relays 6305, 6308 and 6214.
The release of these relays opens the circuit of
relay 3805 in the line choice connector which
releases relay 3200 and the remaining line choice

‘connector relays, Relay 3200 in releasing opens

the circuit of relay 4835, which disconnects
ground from conductors 4864, 6411, 6017, 4870,
4876 and 5669, releasing relays 6403, 4519, 6302,
5308, 4108, 4109, 4112, 4010, 4008, 4000, 4101 and
3409. L

Relay 4824 disconnects battery from the cir-
cuit of relay 5720 in the incoming connector cir-
cuit, releasing relay 5122, which disconnects the
connector from the marker, releasing all of

the connector relays and in turn relay 4834. Re-

lay 4834 disconnects ground from conductors 48171,
48117, 4814 and 5669, releasing any timing relays
which. may be operated. -

Answer by called subscriber

When relay 5818 releases, ringing current is
transmitted to the called line. When the called
subscriber answers relay 5810 operates, -opening
the locking circuit of relay 58(5 which releases,
cutting off the ringing current.
operated, is also released. by the operation of
relay 5810. When relay 5815 releases it re-
places the shunts around condensers 5816 and
58117, extending the tip and ring conductors 5833
and 5834 to ground and battery through the
windings of relay .5808 which operates in series
with the subscriber’s line. Relay 5808 connects
ground over conductor 5838 to prepare the time
alarm circuit which returns ground over conduc-
tor 5839 to resistance 5812 and the sleeve con-
ductor 5754 to supplement the holding ground
supplied by relay 5805. Relay 5808 also closes
a circuit from ground at its lower front con-
tact, lower back contact of relay 5811, inner up-
per front contact of relay 5805, resistance 5803
to the winding of relay 5801 and battery. Relay
5801 transfers the direct connection between the
tip and ring conductors 58{9 and 5820 of the
interoffice trunk and the windings of relay 5802
to one under the control of relay 5805 which com-
pletes the talking circuit and at the same time

Relay 5813, if
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reverses the connection as a supervisory signal to
the originating office.

Termination of connection

5  When the call is terminated by the calling sub-
- scriber, the trunk is opened at the originating
office, releasing relay 5802 which, in turn, re-
leases relay 5805. Relay 5805 opens the circuit of
relay 5802 and, if relay 5808 is still operated
because the called subscriber has not discon-
nected, closes a circuit from ground at the lower
front contact of relay 5808, lower back contact of
relay 5811, inner upper back contact of relay 5805
to conductor 5840 and the timing circuit.” With
relay 5805 released, battery through resistance
5806 is connected over the middle upper back con-
tact of relay 5805 in parallel with the upper wind-
ing of relay 5802 and ground over the outer lower
back contact of relay 5805 is connected in parallel
20 with the lower winding of relay 5802 to prepare
the trunk for the next call. Relay 5805 removes
ground at its contact from the holding circuit
for the incoming and line switches, but these
switches are held under the control of the called
When the called subscriber discon-
nects relay 5808 falls back, releasing the selector
switches and the trunk and switches return to
normal immediately.

10

15

30 Timed release of incoming junctor

If the called subscriber delays disconnection,
the timing circuit functions in response to the
ground connected to conductor 5840 by relay
5808. After a predetermined interval the timing

35 circuit disconnects ground from conductor 5839,
releasing the incoming and line switches. The
release of the switches opens the circuit of relay
5808 and that relay releases, restoring the timing
circuit and completing the release of the trunk.

40 Release on reselection of incoming junctor

If a second call reaches the trunk circuit dur-
ing the timing interval, relay 5802 is operated
causing the association of the trunk with a sender.

45 The wanted number is recorded and a marker as-
sociated with the sender after which relay 5818
is operated as above described. Under these con-
ditions relay 5818 disconnects the ground supplied
by the timing circuit from the holding circuit of

50 the incoming selectors, thereby releasing the
switches and relay 5808. Whether released by the
timing circuit or by a second call, if the called
subscriber keeps the receiver off the hook, the ap-

‘paratus treats the.condition as an originated call

65 and, since no dialing occurs, completes it to a

permanent signal operator.

Abandoned terminating call

If the calling subscriber abandons the call after
60 it has reached the incoming junctor but before
the connection is completed, relay 5862 releases,

opening the locking circuit of relay 5805 and re- -

moving ground from conductor 5822, This per-

mits relay 3713 to reclose its right contact, oper-
65 ating relay 3708 over the outer left contact of re-

lay 3709. Relay 3708 operates slowly to avoid

‘operating under transient conditions and closes a

circuit for release relay 3707 which functions as

previously described to release the sender, marker,
70 incoming junctor relays, etc.

Called line busy

Tt will be remembered that, where the called line
was busy, the busy back relay 3968 operated.
75 This relay locks over its outer left front contact,
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conductor 4817 to ground to the inner right con-
tact of relay 4834. Prior to the operation of re-
lay 3908 a circuit is closed from grounded con-

ductor 4877 over the inner left back contact of re- -

lay 3908, inner right contact of relay 3909, con-
ductor 3924, back contacts of relays 4711 and
4712, conductor 4716 to the winding of relay 4608
and battery, a parallel circuit existing from con-
ductor 48117 over the left back contacts of relays
4609 and 4604 to the winding of relay 4608. When
relay 3908 operates it opens one circuit for relay
4608. Relay 3908 closes a circuit from ground
at its inner right contact, conductor 3912, left
back contact of relay 4704, conductor 4717, wind-
ing of relay 4602 and battery. Relay 4602 closes
a circuit from battery through the winding of
relay 4603, left front contact of relay 4602, left
front contact of relay 4608, conductor 46¢8, right
back contact of relay 4000 to grounded conductor
4871. This ground also extends in parallel with
the winding of relay 4602 over conductor 4619,
armature 5769 of relay 5722, armature 5770 of
relay 5135, conductor 5828, inner upper front con-
tact of relay 5818 winding of relay 5811 and bat-
tery. Relay 5811 locks over its upper front con-
tact to ground at the uppermost front contact of
relay 5805. Relay 3908 also closes a circuit from
ground at its inner left front contact to con-
ductor 4613 and the winding of relay 46i8. Re-
lay 4610 operates, in turn operating relay 4609
and grounding conductor 4615 under the con-
trol of relay 4608. Relay 5813 in the trunk cir-
cuit operates as previously .described, locking
under the control of relays 5810 and 5305. Since
relay 3908 is operated, relay 4610 cannot operate
relay 4605, and the previously traced circuit for
relay 4009 cannot be completed. However, relay
3908 closes a substitute circuit for relay 4009 at its
middle right contact. The operation of relay
4009 opens the second circuit for relay 4608 and
that relay releases slowly to provide sufficient time
to insure the operation of the ringing and tone
control relays in the incoming junctor. When
relay 4608 closes its back contact, a circuit is
closed from ground at the left front contact of
relay 4609, back contact of relay 4608, winding
of relay 4607 and battery. Relay 46017 Is slightly
slow in operating to permit any operated incom-
ing relays and corresponding marker relays to re-
lease if there should be a defective locking cir-
cuit in the incoming junctor. Normally the lock-
ing circuit holds both the junctor and the marker
relay. Relay 4607 in operating closes locking cir-
cuits for relays 4609 and 4603. Relay 4507 also
closes an obvious circuit for relay 4606, which
grounds conductor 4617, operating the release re-
lay 3707 of the sender which functions in the man-
ner above described. ) '
In the junctor, the joint. operation of relays
5813 and 5811, together with non-operation of
relay 5815, connects busy back tone from con-
ductor 5844 over the inner lower back contact of
relay 5815, through condenser 5814, inner lower
front contact of relay 5811, middle lower front
contact of relay 5813, the third lower front con-
tact of relay 5802, lower back confact of relay
5801 to the ring conductor 5828 to inform the
calling subscriber that the wanted line is busy.
At the same time, low speed interrupted ground
over conductor 5841 is connected over the inner
upper back contact of relay 5815, inner lower
front contact of relay 5813, outer lower front con-
tact of relay 5811, inner upper front contact of
relay 5805, resistance 5803 to battery through the
winding of relay 5801. Relay 5801 is operated
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intermittently, transmitting a busy signal to any
operators who may be involved in the connec-
tion. .

Overﬂow 5

‘When no idle channel can be found, relay 3309
is operated as previously described. This relay
functions very much like relay 3908, locking to
conductor -4871 and operating relays 4602 and
10 4610. With relay 3908 unoperated, relay 4610

also operates rela.y 4605. Relay 3909 opens the

. circuit first traced for relay 4009 but connects

ground from. the left front contact of relay 4603
over the outer left front contact of relay 3909

15 and the right front contact of relay 4602 to the
armature of relay 4601 and thence as previously
traced to the winding of relay 4009,

Relay 4602 operates relays 4603 and 5811, relay

4610 operates relays 4609 and 5813; relay 4605
20 operates relays 4604 and 5815, these relays locking

as previously described. As in the case of a busy

line the operation of relay 4009 releases relay 4608

which on closing its back contact operates relay

4607 and in turn relay 4606 and relay 4606 oper-
‘95 ates the sender release relay.

In the junctor, with relays 5815, 583 and
5811 all. operated, ground interrupted at high
speed is extended from conductor 5842, over the
middle upper front contact of relay. 5815, inner

30 lower front contact of relay 5813, outer lower
front contact of relay 6811, inner upper front

“contact of relay 5805, resistance 5803, winding of

relay 5801 and battery, while an all trunks

busy tone from conductor 5843 is connected over
35 the middle lower front contact of relay 5815, con~
denser, 5814, front contacts of relays 5811, 5813
and 5805 to the ring conductor thus giving a
characteristic indication to the calling sub-
scriber and operator.

40 Ringing lead troubles

. The purpose of the relay combinations used
in controlling ringing or tone, such as relays
4610 and 4609 is to guard against trouble con-
- 45 ditions which might arise in the leads for setting

the junctor relays. These trouble conditions may
be recited as follows:

1. False ground on conductor 461 4 or the con-
tacts and conductors connecting. it with relay

50 5815. This would result in false or premature
ringing or would change a busy line indication
to an all trunks busy indication.

2. Failure of relay 5815 to operate or lock due
to an opening in either the operating eircuit or
5 the locking circuit which would result in failure
to ring the called subscriber or would change an
all trunks busy indication to a busy line indi-
cation.

3. Ground on conductor 4619 or its associated

60 conductors which would result in no charge to
- the calling subscriber or false busy or overflow
‘signal where a connection has actually been es-
tablished.

65 4. Failure of relay 5811 to operate or lock due
to an open circuit resulting in a false charge
on a call to a free line, or a false ringing signal
in place of a busy back or overflow signal.

5. Ground on conductor 4615 or its connected

70 wiring would falsely operate relay 5813 to ring
the wrong party, while

6. failure of relay 5813 to operate or lock due
to open circuits would again result in ringing
the wrong party.

5 7 and 8. Similar troubles in connectiop with
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relays 4600 and 4601 would result in rlnging the
wrong party.

In order to avoid these troubles, the marker
tests for all of these trouble conditions and di-

- vides them into two classes, namely those which

might cause false charges including items 4 to 8
inclusive and those which would not, including
items 1 to. 3. On those conditions where & false
charge is not involved and where there is a pos-
sibility that the call ma:< be successful if set up,
namely when relay 4603‘is operated - when relay
4602 is not, or where relay 4604 is operated where
relay 4605 is not, the ‘circuit of relay 4009 can-
not be completed, but a circuit is closed from
.ground at the innér right contact of relay 4604
‘and the right back contact of relay 4605 or from

‘ground at the outer right front contact of relay

4603 and the left back contact of relay 4602, to
conductor 4620 and the winding of relay 482$
and battery. Relay 4829 locks to-grounded con-
ductor 5669, opens the circuit of the sender re-

lease relay and extends it to the timing circuit

and a contact of relay 5519 which operates after
& record has been made of the trouble to release
the terminating equipment, in the usual man-
ner, the incoming junctor functioning as though
there had been no delay.

If relays 4605 or 4602 do not operate when they
should, relay 4008 cannot operate and the tim-

- ing circuit functions to cause a second trial by

transmitting a ftrouble release signal to the
sender.
Timmg and trouble release

The marker timing circuit shown on Fig. 55,
times in four stages; first, a stage of one to two
seconds, from the seizure of the marker to the
completion of the check of the recording re-
lays, second—a stage of from five to six seconds,
from the seizure of the marker to the seizure of
the line choice; third—from two to three seconds
to cover the interval from the seizure of the in-
coming connector to the release of the marker;

‘fourth—a one second stage, to cover the seizure

and release of the trouble indicator.

The first and second timing stages start simul-

taneously with the operation of relay 5524. Re-

lay 5524 operates. in a circuit from. battery

through the winding of the relay, third left back
contact of relay 4834, left back contact of relay
5516, back contact of relay 5501, right back con-
tact of relay 5505, inner left back contact of re-
lay 5512, left b_ack contact of relay 5514, conduc-
tor 5669 to ground at armature 5663 of relay 5600
in the marker connector. Relay 5524 locks under
the control of relay 4834 to conductor 5669 and
connects this conductor to conductor 5528 leading
to the interrupter circuit, thereby causing the
connection of interrupted ground to conductor
5529. Relays 5512 and 5514 are of the well
known type in which at the first closure of
ground to the pulsing conductor relay 5514 oper-
ates, locks to ground at the inner left front con-
tact of relay 5524 and prepares a circuit for re-
lay 5512 to the same ground. When ground is
disconnected from conductor 5529 relay 5512 op-~
erates. At the second ground closure relay 5514
is shunted a..d releases but relay §512 is held over
the normal contact of relay 5514 to conductor
§529. When ground is disconnected for the sec-
ond time relay 5502 also releases and the re-
lays are ready for reoperation. 'This cycle re-
peats as long as interrupted ground is fed to con-
ductor 5529. .

When relay 5514 releases at the second closure
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of ground to conductor 5529, a circuit is closed
from grounded conductor 5669, left back contact
of relay 5514, left front contact of relay 5512,
conductor 5531, back contacts of relays 5506, 5504

5 andb5502,winding of relay 5501 and battery. Relay
5501 locks over its inner left contact to ground at
the outer right front contact of relay 5524 and
grounds conductor 5530 to provide locking cir-
cuits for relays 5502 to 5501.

10 At the third closure of ground to conductor
5529 relay 5514 reoperates and connects ground
from conductor 5669, over the left front contact of
relay 5514, outer left back contact of relay 5512,
conductor 5532, left back contact of relay 5505,

15 back contact of relay 5503, outer left front con-
tact of relay 5501 to the winding of relay 5502
and battery. Relay 5502 locks over its right front
contact to conductor 5530.

When relay 5514 releases it connects ground as

20 previously traced to conductor 5531 and thence to
the left armature of relay 5502 and over its front
contact to the winding of relay 5503 and battery,
relay 5503 locking to conductor 5530, The sub-
sequent reoperation of relay 5514 completes the

25 previously traced circuit over conductor 5532 to
the left armature of relay 5503 and over its front
contact to the winding of relay 5504 and battery.
Relay 5504 locks to conductor §530. Similarly the
next release and operation and release of relay

30 5514 result in the operation and locking of relays
5505, 5506 and 5501.

Relay 5506 closes an obvious circuit for relay
5511 which in turn operates relay 5518. Relay
5518 connects ground over the left back contacts

35 of relay 5517 to conductors 5533 and 5534 to light
a lamp and operate a signal. It also grounds con-
ductors 5531, 5536 and 5535 to summon the trou-
ble indicator and transmit information to it.
When a record has been made, relay 5519 operates

40 locking under the control of relay 5518 and con-
necting ground from its left front contact, outer
right front contact of relay 5518, left back con-
tact of relay 5507, right back contact of relay 4829,

conductor 4813, back contact of relay 5674, wind-"

45 ing of relay 5613 to battery. Relay 5613 locks
through the winding of relay 5674 and opens the
operating and locking circuits of relay 5600 which
releases the marker. Relay 5674 remains shunted
until the marker removes ground from conductor

50 4813 when relay 5674 operates reclosing the cir-

cuits of relay 5600. Relays 5613 and 5674 remain
operated under the control of the sender over a
circuit indicated but not shown., If the marker
fails to establish the connection on second trial,
5 ground on conductor 4873 is extended over the
front contact of relay 5674, armature 5670 of
relay 5600, conductor 5671, right winding of
sender trouble release relay 37i8 and battery.
Relay 3748 locks to ground at the middle right

60 front contact of relay 3114 and disconnects bat-

tery from conductor 3131 releasing the marker
- grnnector and marker. The sender then restores
to normal as will be described hereinafter.

If relay 5519 has not operated by the time relay

65 5507 operates, the latter relay connects ground to
the trouble release circuit. ’

The release of the marker connector releases
relay 5524 in turn releasing relay 5501 which per-
mits relays 5502 to 5506 to release. Relay 5511

70 being slow to release holds relay 5548 operated,
grounding conductor 5538 which holds the marker
busy to the marker connector for an interval.

On & normal call, the timing circuit does not
progress to the operation of relay 5506 before

75 it is Teset for the next timing stage. The opera-

<
o
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tion of relay 4834 following the seizure of the in-
coming connector releases relay 5524 and when
all the relays locked to relay 5524 release, a cir-
cuit is closed from grounded conductor 5669
over back contacts of relays 5514, 5512, 5505
and 5501 as previously traced, left back contact
of relay 5524 outer right front contact of re-
lay 4834 winding of relay 5516 and battery. Re-
lay 5516 locks to conductor 5669 under the con-
trol of relay 4834 and grounds conductor 5528 to
cause the interrupter circuit to function. It also
provides locking ground for relays 5512 and 55(4,
and operates relay 5504 directly. The operating
ground for relay 5504 serves as locking ground
for relays 5505, 5506 and 5507. “When relay 5506

- operates, it gives a trouble release signal in the

manner above described.
The fourth timing stage is the continuation of
the timing for one second following the operation

. of relay 5506 after which relay 5507 operates.

This interval is allowed for the seizure and release
of the trouble indicator and the release of the
marker. Relay 5507 grounds conductors 5539 and
5540 to operate the proper lamp and alarm and
also transmits the trouble release signal to the
sender.

The first timmg stage is marked by the opera-
tion of relay 5501. If the checking relays 482,
4822 and 4823 have not released and relay 4824
operated before relay 5501 operates, relay 55t1
is operated over the inner right front contact of
relay 5501 to ground at the front contact of relays
4821, 4822 or 4823 or the back contact of relay
4824, Relay 5511 functions as previously de-
scribed.

If g false ground appears on conductor 5538
which would hold the marker permanently busy,
relays 5520 and 5521 function. These relays are
controlled over conductor 5541 from an inter-
rupter rendered effective whenever conductor
5538 is grounded. Relay 5521 is operated, fol-
lowed by relay 5520 and, when, at the end of a
27-second interval, conductor 5541 is again
grounded; relay 5521 is released, relay 5520 being
held in the usual manner. A circuit is then closed
from ground at the right back contact of relay
55621, right front contact of relay 5520, winding
of relay 5508 and hattery. Relay 5508 locks to
conductor 5538 and grounds conductors 5539 and
5540 to sound an alarm. .

Unequipped numbers

Numbers may be left blank in blocks of five
hundred, one hundred, twenty or individually.
In each case corresponding equipment, cross-
connections or both may be omitted and a call
to one of these numbers is ultimately routed to
the intercepting operator. If a block of five hun-
dred numbers is omitted, the corresponding re-
lay 6304 may be omitted, and the contact of
relay 4924 cross-connected over conductor 4933
to the winding of relay 3910. Where a block of
twenty numbers is omitted, the corresponding
contact in cross-connecting rack 6303 is wired
to conductor 4933 and relay 3910. Where a single
number is left blank the corresponding contacts
of the twenty-bleck relay in the line choice con-
nector are left disconnected.

The sequence of operations when the number
dialed is one in an omitted block of five hundred
numbers is as follows: The ground which would
operate a relay like relay 6304 operates relay 3910.
Relay 3810 extends battery connected through

“resistance 6207 to conductor 6211, over its left

contact and the inner right back conta.ct of relay
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3811 to conductor 3918 leading to the marker
preference relay in the line choice where the local
intercept trunks are located. The seizure of the

line choice causes the operation of the incoming

- 5 connector which operates one of the class relays
. 3905, 3906 or 3911 by grounding one of the con-

.~ ~ductors 3927, 3926 or 3925. Since the junctor of
Fig. 58 is one incoming from a full mechanical
office, relay 3905 would be operated. Relay 3906

10 is operated by local manual junctors, while relay

'3911 is operated from toll junctors. Since no

twenty-block relay has been operated, relay 4534

is normal as well as relays 4500 to 4519. With

class relay 3905 operated, relay 3910 closes a cir-

15 cuit from ground at its right contact, left back

contact of relay 3811, inner right back contact

- of relay 3906, outer left front contact of relay

3905 to the winding of relay 3901 and battery.

Relay 3901 is also operated with class relay 3906

20 operated, while relay 3902 is operated when class

relay 3911 is operated. Relay 3901 when operated

locks over its inner right contact to grounded
conductor 3913. - :

Where 2 block of twenty lines is omitted, the

25 relays like relays 6304, 6305 and 6240 are operated,
and a line choice connector and the incoming
connector are operated, followed by relay 3905,
3906 or 3911. Since relay 3918 is operated in place:
of the hundred-block relay of the line choice, re-

30 1ay 3901 or 3902 is operated. ,

Where an individual line is left blank, the line
appears idle and the corresponding relay in the
group 5200 to 5219 does not operate. Similarly,
the corresponding one of the group hunting relays

35 5220 to 5239 cannot operate, and the relay of
-group 4500 to 4519 operates, releasing relay 5933

' as previously described. When relay 5933 oper-

‘ ated, it in turn operated relay 5930. This relay is
slow to release and does not close its back contact

40 for an interval during which one of the relays
5900 to 5903 and 5910 to 5913 normally operates.
Since the number control lead is open, none of
these relays can operate and relay 5930 closes a
circuit from ground over the back contact of re-

45 lay 4110, left back contact of relay 4711, conduc-
tor 6023, left back contacts of relays 6010 and 6011,
conductor 4550, left back contact of relay 4528,

. conductor 5931, back contacts of relays 5900, 5301,
5902, 5903, 5910, 5911, 5912, 5913, and 5930, con-

50 ductor 5939 and thence under the control of the -

incoming class relays 3905, 3906 and 3911 to one
of the intercept relays 3901 or 3902.

Intercepted calls

56 ' As pointed out above the marker distinguishes
- in routing calls to intercept operators between
those incoming locally and those incoming from

a toll operator. Relays 3301 and 3902 operate in
‘~the same manner. Assuming that relay 3901 has
60 been operated, relay 390! locks and opens the
circuit of relay 6305 or other hundreds relay. The
release of relay 6305 opens all of the translator

" cross-connections, restoring the line choice con-
nector and incoming connector to normal. Re-
65 lays 4834 and 4835 are thereupon released. Re-
lay 9516 also releases, permitting relay 5524 to
reoperate and start the first timing cycle again.
With relay 3901 operated, when relay 4834 closes

- its inner left back contact it grounds conductor
70 4869, completing a circuit over the second right
contact of relay 3901 to the winding of relay 3900
and battery. Relay 3900 prepares a locking cir-
cuit for itself over conductor 6411 which is com-
pleted when relay 4835 reoperates. Relay 3900
78 connects battery from conductor 62{{ over the
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outer right front contact of relay 8901 to con-
ductor 3918 to select the line choice connector
serving the intercept lines. It also grounds con-
ductor 3919 over the third right contact of relay
3901 to operate the proper hundred-block relay 5
and conductor 3920 over the inner left contact of
relay 3801 to operate the necessary twenty-block
relay. It also transfers the circuit ‘controlled by
relay 4534 from the units-register to conductor
3921 which is cross-connected to the armature of 10
relays 5200 to 5219 so as to cause the test of the
intercept lines to start at the proper point. The
call is set up in the regular manner except that,
since intercept calls require no charge the outer
contact of the twenty-block relay is wired to con- 15
ductor 3121 in place of the next to outer contact
being wired to conductor 3136 and relay 4535 oper-
ates through its right winding, in turn operating
relay 3907 in place of relay 4536. Relay 3907
closes a circuit from ground at its outer left front 20
contact, outer right back contacts of relays 3911
and 3906, inner right front contact of relay 3905,
conductor 3912, left back contact of relay 4104,
conductor 4711, winding of relay 4602 and bat-
tery. It may be noted that this circuit is inef~ 25
fective where the incoming call is controlled by
a.manual operator since in that case it is desirable

to return supervision. Relay 4602 operates the
no-charge relay 5811 in the incoming junctor.
Relay 3907 also supplies an additional ground for 30
conductor 5669. In addition it closes a link in
the checking circuit for relay 4009 including a
front contact of relay 3905 and front contacts of
relays 4602 and 4603. Relay 398! opens the cir-
cuit of relay 4605 preventing the setting of ring- 35
ing in the junctor.

In the junctor, relay 5811 locks under the con-
trol of relay 5805. Relay 581 opens the oper-
ating ecircuit of relay 5801 to prevent charging the
calling subscriber. Since relay 5815 is not oper~ 40
ated, ringing does not occur, but the release of
relay 5818 connects battery and ground through
the windings of relay 5808 to the tip and ring con-
ductors leading to the intercept position where it
signals the operator who challenges on the line. 45

Relay 3902 functions in the same manner as
relay 3901 except that it may select a different
line choice, hundred-block relay, twenty-block
relay, etc. o

Other free lines, such as lines to the business 50
office, ete. are grouped together on twenty-block
relays which have their outer contact wired in
the same way as intercept lines. Relays 3907,
4602, 4603 and 5811 are operated to cancel the
charge as described above. 85

Sleeve guard

An originating call does not connect ground to
the sleeve of the calling line until after the sub- 80
scriber sender has been seized. A terminating
call does not lock out originating calls in a, line

" link group until after the line test has been com-

pleted. It is evident, therefore, that there is an
unguarded interval in which the terminating g
marker may select a line which appears to be idle
because a subscriber sender has not yet been seized
for that line, but which is actually busy and will
appear so at the time the marker is able to lock
out the line link group. 70
To detect this condition, the sleeve guard fea-
ture consisting of relays 4532 and 4531 is used.
It is the function of these relays to detect a ground
on the sleeve of the called line subsequent to its
selection, to cause the seizure of a new line if the 75
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 first line is in a terminal hunting group and other

lines are available, or to return busy back if no
other lines are available.

The operation of one of the relays 4500 to 4519,
4519 for example, closes a circuit from battery
through the winding of relay 4532, conductor 4549,
back contacts of relays 601{ and 6010, conductor
6020, inner right back contact of relay 4000, left
back contact of relay 4005, inner right back of re-
lay 4163, conductor 4718, right front contact of re-

" lay 4519, conductor 3219, armature 3218 of relay

3200,sleeve contact of the twenty-block relay 3108,
contacts 3124 and 3125 at cross-connecting rack
3111 conductor 1229 to the sleeve contacts of the
primary line switch.  If ground is connected to
these sleeve contacts prior to the operation of re-
lay 4000, relay 4532 operates, in turn operating
relay 453f. Relay 4531 opens the locking circuit
of relay 4519 and also opens the operating circuit
for the relays of that group. The release of relay
4519 restores the circuits of relays 5219 and 5239
which repeat their test. Relay 4519 also opens

‘the circuit of relay 4532 which releases after an

interval to reclose the operating circuit for the
relays of group 4500 to 4519. 1If the called line
is an individual line, relay 5219 closes the circuit
of busy relay 3908. If the called line is a line
in a terminal hunting group of which it is not the
last, the joint operation of relays 5218 and 5239
will initiate testing in another group as previously
described.

Line link percent load register

Where an office has a seasonal load, at which
time it would be very undesirable to rearrange
lines, it is possible to calculate what load on a line
link group during non-busy times would corre-
spond to an over-load during busy times, record
the occurrences of this load and make the read-
justments during {he light load period. For this

- purpose relay 3430 is provided.
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" When relay 4835 operates it connects ground
over conductor 4876 to the windings of relay
3430 in parallel over the ring contact of jack
3431, At this time all of the relays 3420 to
2429 are released and battery through a separate
resistance is connected over the back contact
of each relay, over the tip contact of jack 343(
to the upper winding of relay 3430. This ener-
gizes relay 3430, which is polarized, in a direction
to hold the contact open. When the line links
are tested the relays 3420 to 3429 corresponding
to busy links operate, transferring the resistance
battery to the lower winding of relay 3430 which
energizes relay 3430 in a direction toward clos-
ing its contact. The relays testing idle line links
maintain their circuits for the upper winding
of relay 3430. While the adjustment of relay
3430 and the value of the resistances may be
varied, in the present case it is so adjusted that
with four of relays 3420 to 3429 operated, relay
3430 will close its contact, completing a circuit
from ground over that contact, conductor 3425,
armature 6105 of relay 6100, or over the corre-
sponding armature of the operated line group

or frame relay, conductor 6166, armature 3236

of relay 3200, conductor 3260, armafure (234 of
the horizontal group relay 1208 to conductor
1235 leading to the register individual to the line
link group. One or more resistances such as
resistance 3436 may be connected in parallel
with the upper winding of relay 3430 to render
the arrangement more sensitive.
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Second irial

Where the marker is seized to make 2 second
trial after a trouble release of the first trial, the
marker connector relay 5614 connects direct
ground. to conductor 5665, operating relay 4100
which now remains operated throughout the at-
tempt to establish the connection. Relay 4100
rearranges the channel selecting circuit to pre-
fer the sixth channel, the circuit now extending
from grounded conductor 4816, back contact of
relay 4102, upper front contact of relay 4103,
iront contact of relay 4106, outer right back con-
tact of relay 4708, outer upper front contact of
relay 4100 to the armature of relay 3425. If this
and the succeeding channels are busy the circuit
extends from the front contact of relay 3429
or 3419, over the outer lower front contact of
relay 4100 to the armature of relay 3420 and if
all channels are busy from the front contacts of
relays 3414 and 3424, over the middle lower
front contact of relay 4100 to overflow relay 3969.

" Relay 4100 also cancels the test for tip ground
by opening the circuit of relay 4113. It also re-
moves the shunt around the winding of relay
40(1. Therefore, when relay 4104 closes the op-
erating circuit for the hold magnet, relay 40t is
included in the circuit and operates only if the
hold magnet battery is present. Relay 401(1, if
operated operates relay 4013 which locks to con-

ductor 4870 and closes a shunt around relay 40ii:

to permit the hold magnet to operate. If relay
4011 fails to operate, when relay 4000 operates,
a circuit is closed from ground at the inner
upper front contact of relay 4100, middie right
front contact of relay 4000, back contact of relay
4011, conductor 5939 and thence through con-
tacts of incoming class relays 391f, 3905 and

3907 to the winding of relay 3901 or 3902, rout- .

ing the call to an intercept operator.

Relay 4108 also cancels the continuity test
above described by closing a circuit from ground
over conductor 4878 inner lower front contact of
relay 4100, right front contact of relay 4602, back
contact of relay 4003 to the winding of relay
4010, operating that relay and in turn relay 40608

-to simulate a successful completion of the con-

tinuity test. This serves to permit test connec-
tions to defective lines as well as possibly success-
ful connections in spite of defects.

Cross detecting relays

There are two general methods used for de-
tecting crosses by the marker. The first is the
use of a marginal relay which will not operate
on a normal closure but will operate if there is
a, cross which will produce twice or more the
normal current. The second method is the con-
nection of a non-marginal relay to leads to be
tested. Relays 6014 and 5932 afe examples of
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the first method. 'Relay 6014 is included in the -

circuit of the twenty-block relay and if a cross
exists by which more than one twenty-block
relay might be operated, relay 6014 operates con-
necting ground over conductor 6024 to the wind-
ing of relay 4828. Relay 4828 locks to grounded
conductor 5669, connects ground over its. right
contact to conductor §538, opens the release con-
ductor preventing the release-of the marker and
permitting the timing circuit to sound an alarm.

Relay 5932 is connected in the circuit of the
group relays 5900 to 85913 and 5910 to 5913 and

operates if a cross would cause more than one.

of these relays to operate. In operating, relay
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5932 disconnects thie grotind by which the line
link cut-in relay 1208 of the line group is oper-
ated thereby blocking the completion of the call.
Relays 3432, 5931, 5244, 4830 and 4829 are
typical of the second method. Relay 3432 is con-
nected over-the back contacts of relays 3400 to
3409 to the operating circuits for the select mag-
neéts of the primary line switch. A false ground
on one of these circuits will operate relay 3432,
as will'a cross between two leads following the
operation of one of the relays 3400 {o 3408 to
ground the desired conductor. Relay 3432
grounds conductor 6024 to operate relay 4828.
Relay 5931 is connected, during the operated
period of relay 5930 to conductor 5939 over which
relays 3901 and 3902 are operated, and prior to
the operation of relay 5933 is connected to con-
ductor 5934 over which relay 3908 is operated.

"~ A false ground on either of these conductors op-
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erates relay 5931 which also operates relay 4828.

Relay 5244 is connected over conductor 5256
and the back contact of relay 4833 to the wind-
ings of the sleeve test relays 5200 to 5219 during
the registration of the wanted number, operat-
ing if a false ground is present on any of these

. test leads between the marker and the line choice.

If operated, relay 5244 locks to ground at the
inner left back contact of relay 5519, and grounds
conductors 5538 and 5669 to hold the marker
busy and control the timing circuit.

Relay 4830 is connected over the back con-
tact of relay #113 to conductor 5666 over which
relay 5818 of the incoming junctor is operated
until the incoming connector has operated,
if operated, operates relay 4828. .

The function of relay 4829 has already been de-
scribed in connection with the ringing control
relays.

Special calls

There are three types of speclé.l calls which

may be set up by the marker, namely, number
checking calls; no test calls, including calls frem
the test desk and from the verification operator,
and calls from the outgoing trunk test board for
routine tests of subscribers’ lines.

tion form the basis of the applications of I. A.
Korn, Serial No. 68,255, filed March 11, 1936, and
Serial No. 68,256 filed March 11, 1936, and of

Patent No. 2,075,527, granted March 30, 1937 to-

F. A. Korn et al. .
Most of the terminating markers are not
equipped for miaking these special calls and,

speaking generally, the equipment of Figs. 47 and

54, as well as relays 4522 to 4529 are not pro-
vided. Therefore, when a special call is to be
established the marker connector selects one of
the few terminating markers arranged to handle
this traffic and the sender operates relay 5602

‘which connects ground to conductor 5612, com-

pleting a circuit which extends over the left
back contacts of relays 3901 and 3902, conductor

3922, winding of relay 4706 and battery. Relay.

4706 opens the circuit for operating one of re-
lays 4500 to 4519 and connects relays 4700, 4701
and 4704 to conductors 4721, 47120, and 4722,
respectively. These conductors are extended to

the incoming-connectors and through them to.

ground in the special incoming junctors. Con-
ductor 4720 is grounded by no-test junctors, con-
ductor 4721 by junctors from the outgoing trunk
test board and conductor 4722 by number check-
ing trunks.

9,089,921

and

Certain fea--
tures of the marker operation in this connec-

Number checking call

In the case of a number checking call, registra-
tion, translation and the seizure of the line choice
connector and incoming connector proceed in
the same manner as for a regular call. Relays
5200 to 5219 and 5220 to 5239 are connected to
the block of twenty lines but none of the relays
4500 to 4519 can be operated since relay 4706 has
opened that circuit. After the incoming junctor

has been connected with, relay 4104 operates, in’

turn operating relays 4522 to 4529 which open the
sleeve test circuits through relays 5200 to 5219,
releasing any which may have operated. Relay
4527 disconnects ground from the windings of
relays 5920 to 5923 to prevent their operation in
case of failure to check as will be described below.

Relay 4526 further opens the line selecting cir-
cuit; relay 4528 opens the circuit for operating
the ringing control relays and relay 4529 opens
the circuit of relay 4605 controlled by relay 4610.
Relay 4704 also closes a circuit from battery
through the winding of relay 4105, outer right
front contact of relay 4104, to ground at the
right back contact of relay 5249. Relay 4705
holds open the circuit of relay 4712. i :

A circuit is then closed from source 5250 of
135 cycle alternaturing current, left back con-
tact of relay 5249, left front contact of relay
4526 to conductor 4542 and thence as previously
traced through the units register to the contact
of relay 5242, left front contact of relay ‘4529,
through condenser 4569, left front contact of re-
lay 4525, inner left back contact of relay 4519,
conductor 3219 to the sleeve of the called line
which is connected as shown in the above-iden-
tified Korn application, Ser. No. 68,256, to the
¥operator’s position and thence through the in-

. coming junctor and connector to conductor 5768

and through the winding of relay 4707 to ground
provided the correct line number has been given
and the marker and operator are connected to
the same line. Relay 4107 operates relay 4710
through resistances 4708 and 4709, in turn oper-
ating relay 4711. Relays 4710 and 471{ discon-
nect ground from conductor 6023, disabling relay
5415. Relay 4711 closes direct circuits for re-
lays 4605 and 4610 which when operated together
transmit a signal to the incoming junctor and
checking operator that the check was satisfac-
tory. Relay 4111 also opens the circuit of relay
4608 which causes a release signal to be sent into
the marker in the usual way. The marker is then
released in the regular manner.

In the case of a terminal hunting group, some
or all of the relays 5220 to 5239 will be operated
according to.the number of lines in the group.
In this case, the 135 cycle current will be con-
nected directly to the first line of the group, and
a branch of this circuit will extend to the right
armature of the corresponding relay of the group
5220 to 5239, over the front contact of that relay,
to the armature of the next relay, and also
through the next condenser and contact of relays
4522 to 4525, to the sleeve of the next line.. Simi-
larly the alternating current is passed to the
third line over the front contact of the second
relay and so on. If any one of the lines of the
group is connected to the operator’s position, the
checking circuit will be completed and relay 4101
will operate.

If the group extends inte another block of
twenty lines, relay 5239 will be operated, and
the checking current will be extended to con-
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feeds relay 5247 in parallel with resistance 5246.

With relay 4704 operated, relay 5415 operates
following the operation of relay 4536 or 3907
from the line choice connector. This relay is
slow to operate and if the calling line is in the
first twenty-block, the operation of relays 41017,
4710 and 4711 renders relay 5415 ineffective. If
the check is unsuccessful in the first twenty-
block, when relay 5415 operates, with relay 5241
operated, a circuit is closed from ground, back
contact of relay 47110, left back contact of relay
4111, conductor 6023, back contacts of relays
6010 and 6011, front contact 6f relay 5415, front
contact of relay 5241, winding of relay 4530 and
battery. Relay 4530 functions as for g regular
call to release the first twenty-block and seize
the next twenty-block of the terminal hunting
group. The action of the marker for the second

. twenty-block is the same as for the first,
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If the check is unsuccessful in a group where
relay 5239 is not operated, relay 5247 does not
operate and the operation of relay 5415 operates
relay 5249 over the back contact of relay 5247.
Relay 5249 disconnects the 135 cycle current,
opens the circuit of relay 4705 which releases
and after a further interval permits relay 4712
to operate over the back contact of relay 4705,
the right front contact of relay 5249 to ground
over the operating circuit of relay 52489, Relay
4712 operates after an interval, opening the cir-

cuit of relay 4608 which releases slowly to release |

the marker. Relay 4112 also closes an obvious
circuit for relay 4610 which, operated alone,
transmits a checking failure signal to- the oper-
ator.

If a private branch exchange has, in addition
to its two-way lines, a group of lines used only
for outgoing service, the marker will not nor-
mally have access- to this group. Since one of
these lines may be one to originate a call requir-
ing number checking, relay 4706 in operating
closes a circuit from ground at its inner right
contact, conductor 4723, armature 3234 of relay
3200, conductor 326f, winding of relay 3102 and
battery. With relay 3102 operated, a line which
is normally wired as a last line of a group, is wired
as an intermediate line. That is, with relay 3102
normal the number control contact of a last line
is wired over the back contact of relay 3102 to
the right winding of the group relay like relay
3101, while with relay 3102 operated, it is wired
over the front contact of that relay to the middle
winding of the group relay. The additional group
is checked in the same manner as the other lines.

No test call

This type of call may originate at a verifica~
tion position at an “A” switchboard or at a test
desk. If the line is idle, the call is set up over
the same switches as a regular call. Relay 4701
is operated from the incoming junctor. This
relay supplies ground to the right windings of
relays 5400 to 5409 to electrically polarize them
In a direction to hold their contacts open. It

opens the circuits of relays 5240 and 5243, thereby -
opening the circuits of relays 5220 to 5239, so .

that every line acts as an individual line. With
these relays released, the operating circuit for
relays 4500 to 4519 is opened, but relay 4701 closes

a substitute link in that circuit and the connec-

tion is established in the usual manner. With
relay 4701 operated, the circuit of relay 4519, for
example, extends from battery, through the wind-
ing of relay 4519, back contact of relay 5219, back
contact of relay 4529, inner front contact of relav
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5242, conductor 4866, left front contacts of relays

-4814 and 4813, right back contacts of relays 4812

and 4811, left front contact of relay 4813, con-

ductor 6019, outer left back contact of relay 6012,

conductor 3923, left back contact of relay 3900,
conductor, 5314, back contact of relay 5310, con-
ductor 4542, left back contact of relay 4526, re-
sistance 5248, conductor 5255, second left front
contact of relay 4181, conductor 4724, right front
contact of relay 5933, conductor 4114, inner right
front contact of relay 4701 (paralleling the con-
tact of relay 4706 which is now open); conductor
4541, normal contacts of relays 4530 and 4531

Yo ground at the right contact of relay 4534.

If relay 5219 were operated, indicating that
the line was busy, the circuit above traced would
extend from ground to the armature of relay
5218, over the front contact of that relay, back
contact of relay 5239, conductor 5253, outer left

front contact of relay 4701 » Winding of relay 4103,

and battery. Relay 4703 locks to grounded con-
ductor 5658. -

It will be remembered that relay 4103 operates
over the normal contacts. of the channel relays
3400 to 3469 as soon as the line choice connector
operates. Therefore, when relay 4101 operates,
it closes a circuit from battery through the wind-
ing of relay 5411, outer right front contact of
relay 4701, to ground at the lower front contact
of relay 4103. Relay 5411 closes an obvious cir-
cuit for relay 5412. It also cldses a circuit from
battery through the winding of relay 5413, outer
right front contact of relay 5414, over a contact
of the operated line group relay, for example, ar-
mature 6110 of relay 6100, conductor 6107, arma-
ture 3262 of relay 3200, conductor 3263, armature
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1229 of the horizontal group relay 1208 to con-

ductor (236 leading to the sleeve of the no-test
junctor for the group of lines including the called
line. If the no-test junctor is in use by some
other marker, ground will be present on conductor
1236 and relay 5413 will operate, in turn operat-
ing overflow relay 3999 to transmit a signal back
to the originating operator or test man.

Relay 4703 closes a circuit from ground at its
inner left contact, inner right contact of relay
4701 to the windings of reiays 4522 to 4525 and
battery. These relays open the sleeve test cir-
cuits to relays 5200 to 5219, thereby releasing the
relay which was operated from the busy line.
With relay 5219 released, the circuit controlled
by relay 4534 is extended to the winding of relay
4519 and battery, relay 4519 locking as previously
described. Relay 4703 also connects positive
battery through resistance 4702, to conductor
4718, over the right front contact of relay 4518,
conductor 3219 and thence to the sleeve of the
wanted line which is connected at a Ccross-point
of the primary line switch to one of the line links.

Relay 4703 also closes a circuit from ground
at its inner left contact to the winding of relay
5410 and battery. Relay 5410 connects ground
through the left windings of relays 5400 to 5409
to the sleeve conductors of the line links serving
the wanted line. The circuit of relay 5409, for
example, may be traced over the outer front con-
tact of relay 5410, conductor 6104, inner upper
front contact of relay 6108, conductor 3248, ar-
mature 3247 of relay 3208, conductor 1623, con-
tact of jack 1610, conductor 1224, armature 1223
of relay 1208 to the sleeve of the line link and
thence to ground over the established connec-
tion. Negative battery through resistance 1218
is also connected over armature 1221 to the sleeve
conductor. Relays 5400 to 5408 are adjusted to
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respond only to the positive battery supplied by

relay 4103, being unresponsive o ground or to the .

negative battery present when testing. Assum-
ing that the link shown is the one in use, relay
5409 will operate closing a circuit from ground
at its contact, conductor 54171, winding of relay
3408 and battery. Relay 3409 locks to conductor
4876, and closes a circuit from ground over its
outer lower front contact, conductor 3431, arma-
ture 6108 of relay 6100, conductor 6109, arma-
ture 3264 of relay 3200, conductors 3265 and
2809, armature 1228 of relay 1208, to the winding
of primary select magnet 1226 and battery.
Magnet 1226 prepares the cross-points of the
wanted line link before the no-test junctor as
well as before the other idle lines. =

The operation of relay 3409 opens the circuit
of relay 41083 which in turn releases relay 541I.
When relay 5411, which is slow to release, closes
its back contact, it extends the no-test junctor
sleeve, to which the hold magnet is attached, to
ground at the middle left contact of relay 4703,
thereby connecting the link with the no-test
junctor in parallel with the previous connection.
When relay 5411 releases, it also releases relay
5412, which connects ground from the outer left
contact of relay 4703, back contact of relay 5412,
outer right back contact of relay 3909 to conduc-
tor 4617 to operate the release relay of the sender
and restore the control circuits to normal. Relays
5411 and 5412 are made slow to release to allow
time for the select and hold magnets to energize,
close the cross-points and operate the holding
relay of the no-test incoming junctor.

In some cases, none of the relays 5400 to 5409
will operate. ‘This may be due to a trouble
ground, a make busy direct ground applied over
jack 1610, for example, or by other special cir-
cuits. If none of these relays operate, the op-
eration of relay .4196 after the line group and
control circuit has been seized will close a circuit
from ground on conductor 4876, back contact of
relay 4102, upper front contact of relay 4163,
contact of relay 4406, outer right front contact

< of relay 4102, to the winding of relay 54(4 and

battery. Relay 5414 connects ground from the
front contact of relay 4103, outer right contact
of relay 4101, front contact of relay 5414, to
conductor 4115, front contact of relay 5933, con-
ductor 5934, winding of relay 3908 and battery.
Relay 3908 returns a line busy signal to the in-
coming junctor in the usual manner.

Calls from outgoing trunk board

This type of call is completed in the same man-
ner as a regular call except that relay 4706 delays
testing until after relay 4700 operates and that
relay 4700 opens the circuit of relays 5243 and
5240 which prevent the operation of relays 5220
to 5239. Each line is, therefore, treated as though
it were an individual line.

Emergency operation of connectors

Both the line choice ‘connector and the in-
coming connector are provided with a set of
emergency relays for use in case trouble is en-
countered with the regular relay chain. In the
case of the line choice. connector these emer-
gency relays are shown as relays 3806, 3808 and
3810. These relays are brought into service auto-

matically. Whenever a marker preierence relay,.

such as relay 3805 operates, it opens the circuits
of relays 3117, 3118 and 3119. These relays are
operated over the normal contacts of the marker
preference relays when the circuit is idle. If the
operating path for any one of these relays fails
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to close when the marker pxj ference relay re-
leases, ground is connected in shunt of the wind-
ing of relay 3115 which is normally energized in
a circuit from battery through resistance 3128,
right normal contaet of relay 3113 to the wind-
ing of relay 3115 and ground. Relay 3115 re-
leases when shunted to close a circuit from ground
over its back contact, contact of key 3116, wind-
ing of relay 3802 and batiery.. Relay 3802 in
turn operates relay 3880. Relay 3800, in operat-
ing, disconnects ground from the regular yelay
chain, and transfers the marker start leads from
the regular chain to the emergency chain. 1%
also disconnects battery from relays 3118 and
3118 to render them ineffective following the
transfer. Relay 3802 locks under the control of
key 3116, supplies battery for the incoming con-
nector, ground for locking the emergency chain
and for operating the cut-in relays like relay
3200, grounds conductor 3812 and lights lamps
3804 to give a visible and audible alarm until
the relays are released.

The incoming connector operates .in substan-
tially the same manner in this regard.

The line choice connector also provides a test
for false grounds on the numerical sleeve leads
in the connector while idle. With relays 3118

and 3118 operated the numerical sleeve leads are-

connected in multiple to the right winding of
relay 3113 which operates when a false ground
is found, locking over key 3114, grounding con-
ductor 3137 to sound an alarm and lighting lamp
3112 to identify the connector.

Sender tell tale
In describing the sender circuit it will be re-

‘membered that, in case more than ten pulses are

required to satisfy the originating sender for any
selection, relay 3020 is operated. Relay 30208
locks over its left front contact to grounded con-
ductor 3720. At its left back contact it discon-

"nects battery from conductor 3731 leading to

the marker connector to release the connector
and the marker. At its right back contact relay
3020 opens the ground normally used for operat-
ing the select magnets of the sender register
2900. At its outer right contact relay 3920 closes
a circuit for relay 371604 which transmits a reverse
battery signal to the originating sender in the
usual manner. - :

However, since this reverse battery signal is
premature that sender recognizes it as such and
releases the connection after giving the proper
signal to the calling subscriber. During release

at the originating office, a trunk closure is made, :

operating relay 5802 which connects ground to
the locking circuit of relay 5805 and operates re-
lay 3743. Relay 3713 operates relay 3708. With
relay 3709 operated, a circuit is closed from
ground at the inner right front contact of relay
3020, inner left front contact of relay 3709, inner
right back contact of relay 3712, right back con-
tact of relay 3111, to the right winding of relay
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3707 and battery. Relay 3787 restores the sender -

and link to normal as previously described.
When a call is abandoned during selections the

originating sender functions to cancel the regis-

ter control and therefore receives more than ten

revertive pulses without opening the funda--

menal circuit resulting in the operation of relay
3020 which functions as above described.

When relay 3714 operates at the time the
sender. is seized, it connects the left winding of
relay 3710 over the third right confact of relay
3714 to conductor 3132 leading o the timing in-
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terrupter and alarm circuit. When the inter-
rupter grounds conductor 3732, relay 3710 oper-
ates, locking through its right winding and over
its right contact to grounded conductor 3719.
Thirty seconds later, if the sender has not al-
ready released normally, the interrupter grounds
conductor 3733 completing a circuit over the
left contact of relay 3710 to the right winding of
3712 and battery. Relay 3712 also locks to con-
ductor 3719. In addition it lights lamp 3711 in-
dividual to the sender and grounds conductor
3734 to sound an alarm after an interval if the
release of the sender is delayed. At its outer left
contact relay 3712 closes a circuit for relay 3101
which transmits a reverse battery signal to the
originating sender. One second later, conductor
3132 is again grounded, completing a circuit over
the third right front contact of relay 3714, inner
right front contact of relay 3712, right back con-
tact of relay 37171 to the right winding of relay
3107 and battery, relay 3707 functioning as be-
fore.
' Sender trouble conditions

If no selections are recorded the timing relays
will cause the transmission of the premature re-
verse battery signal and the release of the sender.
If dialing is incomplete so that registration can-
not be completed, the originating and terminat-
ing senders cooperate to the end that the reverse
battery signal is transmitted. Trunk closure
is temporary, operating relays 3713 and 37098 and
then releasing relay 3713 to operate relay 3708
over the outer left front contact of relay 3708
and the right contact of relay 37i3.

After the marker has made a second attempt
to. establish a connection and has failed, it
grounds conductor 56T{ which operates trouble
release relay 3718. This relay locks under the
control of relay 37i4 and opens the start lead
to the marker to prevent summoning another
marker. The timing relays then release the
sender, .

If it is desired to prevent the restoration of
the sender to normal under the control of the
timing relays, a plug such as plug 37135 is in-
serted in jack 3736 operating relay 3711. With
this relay operated, the second connection of
ground fo conductor 3732 instead of operating
relay 3707 as above described, completes a cir-
cuit over the inner right contact of relay 3712
and the right front contact of relay 3717, right
winding of relay 3718 and battery. Relay 3118
locks under the control of relay 3714, opens the
lead for summoning a marker and disconnects
ground from conductor 5146 releasing the link
cross-points. All of the operated relays remain
in that condition. Ground on conductor 3734
causes a delayed audible alarm.

What is claimed is:

1. In a telephone system, a plurality of tele-
phone lines, a plurality of switches serving said
lines both as line switches and as final selector
switches, said lines and switches being arranged
in a plurality of groups, line control circuits, one
for each of said groups, for controlling the
switches on outward calls from said lines and a
marker device common to all of said groups for
controlling said switches to complete inward calls
to said lines. )

2. In a telephone system, a plurality of tele-
phone lines, a plurality of switches serving said
lines both as line switches and as final selector
switches, said lines and switches being arranged
in a plurality of groups, line control circuits, one
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for each of said groups, for controlling the
switches on outward calls from said lines, a mark-
er device common to all of said groups for con-
trolling said switches to complete inward calls
to said lines, and means to prevent simultaneous
control of said switches by said line control cir-
cuit and said marker.

3. In a telephone system, a plurality of tele-
phone lines, a plurality of switches serving said
lines both as line switches and as final selector
switches, said lines and switches being arranged
in a plurality of groups and subgroups, line con-
trol circuits, one for each of said groups, for
controlling the switches on outward calls from
said lines, 2 marker device common to all of said
groups for controlling said switches to complete

.inward calls to said lines and a relay for connect-

ing each of said subgroups with said line control
circuit and with said marker device.

4. In a telephone system, a plurality of tele-
phone lines, a plurality of switches serving said
lines both as line switches and as final selector
switches, said lines and switches being arranged

in a plurality of groups and subgroups, line

control circuits, one for each of said groups, for
controlling the switches on outward calls from
said lines, a marker device common ito all of
said groups for controlling said switches to com-
plete inward calls to said lines, a relay for con-
necting each of said subgroups with said line
control circuit and with said marker device, and
means for operating said relay under the con-
trol either of a line in said subgroup or of said
marker.

5. In a telephone system, a plurality of tele-
phone lines, a plurality of switches serving said
lines both as line switches and as final selector
switches, said lines and switches being arranged
in a plurality of groups, line control circuits, one
for each of said groups, for controlling the
switches on outward calls from said lines, a
marker device common to all of said groups for
controlling said switches to complete inward calls
to said lines, a relay for connecting each of said
subgroups with said line control circuit and with
said marker device, means for operating said
relay under the control either of a line in said
subgroup or of said marker, and means to pre-
vent simultaneous control of said switches by
said line control circuit and said marker.

6. In a telephone system, a plurality of lines,
a plurality of switches serving said lines both as

line switches and as final selector switches, said"

lines and switches being divided into a number
of line groups, line control mechanisms, one for
each of said line groups, for controlling said
switches to extend calls originating on said lines,
and a marker mechanism common to all of said

line grcups for controlling any of said switches

to complete calls incoming to said lines, each

“of said line control mechanisms having means

for preventing said marker mechanism from as-
soclating itself with the corresponding line
group.

7. In a telephone system, a plurality of lines,
& plurality of switches serving said lines both
as line switches and as final selector switches,
said lines and switches being divided into a
number of line groups, line control mechanisms,
one for each of said line groups, for controlling
said switches to extend calls originating on said
lines, and a marker mechanism common to all
of said line groups for controlling any of said
switches to complete calls incoming to said lines,
said marker mechanism having means therein
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for rendering any one of said line control mech-
anisms ineffective while the marker is connect-
ed with the corresponding line group.

8. In a telephone system, subscribers’ lines,
combined line switch and final selector switch
mechanisms comprising a plurality of primary
cross-bar switches and a plurality of secondary

* cross-bar switches, links interconnecting said

10

15

20

primary and secondary switches, means for test-
ing said links for an idle one when an originating
call is made on one of said lines, and other test-
ing means for {esting said links for an idle one
when a terminating call is being completed to one
of said lines. .

9. In a telephone system, subscribers’ lines,
combined line switch and final selector switch
mechanisms comprising a plurality of primary
cross-har switches and a plurality of secondary
cross-bar switches, links interconnecting said

primary and secondary switches, two sets of test

relays, means for associating said links with one
of said sets of test relays when an originating

. call is made on one of said lines and means for
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associating said links with the other of said sets
of test relays when a terminating call is being
completed to one of said lines.

10. In a telephone system, subscribers’ lines,
combined liné switch and final selector switch
mechanisms comprising a plurality of primary
cross-bar switches and a plurality of secondary
cross-bar switches, links interconnecting said
primary and secondary switches, two sets of test
relays. means for associating said links with one

of said sets of test relays when an originating

call is made on one of said lines, means for
associating said links with the other of said sets
of test relays when a terminating call is being
completed to one of said lines, and means con-
trolled by said test relays for seizing an idle one
of said links. '

11. The combination in a telephone system, of
subscribers’ lines, a plurality of primary cross-
bar switches and secondary cross-bar switches
serving said lines, both as line switches and as
final selector switches, links interconnecting said
primary and secondary switches, trunks outgoing
from said switches, trunks incoming to said
switches, testing means for testing said links in

conjunction with said outgoing trunks, and other )

testing means for testing said links in conjunc-
tion with said incoming trunks.

12. The combination in a telephone system, of
subscribers’ lines, a plurality of primary cross-
bar switches and secondary cross-bar switches
servirig said lines both as line switches and as
final selector switches, links interconnecting said
primary and secondary switches, trunks outgoing
from said switches, trunks incoming to said
switches, testing means for testing said links in
conjunction with said outgoing trunks, other
testing means for testing said links in conjunction

* . With said incoming trunks, and means common to
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a group of said links for connecting said links
with either of said testing means.

13. The combination in a telephone system, of
subscribers’ lines, a plurality of primary cross-bar
switches and secondary cross-bar switches serv-
ing said lines both as line switches and as final
selector switches, links interconnecting said pri-
mary and secondary switches, trunks outgoing
from said switches, trunks incoming to said
switches, testing means for testing said links
in conjunction with said outgoing trunks, other
testing means for testing said links in conjunc-
tion with said incoming trunks, means common
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to a group of said links for connecting said links
with either of said testing means, and means com-
mon to a plurality of groups of said links for con-
necting said trunks to the corresponding testing
means.

14. The combination in a telephone system, of
telephone lines, a plurality of groups of trunks,
automatic switches having access to said trunk
groups for extending calls from said lines, and
means for giving said switches preference to a
limited number of said trunk groups and for
shifting the preference among the groups of said
limited number of groups. v

15. The combination in a telephone system; ‘of

-telephone lines, a plurality of groups of trunks,

automatic switches havirg access to-said’ trunk
groups for extending calls from said-lines, and
means for giving said switches preference to two
of said trunk groups and for shifting the prefer-
ence between the groups on alternate calls.

16. The combination in a telephone system, of
telephone lines, @, piurality of groups of trunks,
automatic switches having access to said trunk
groups for extending calls from said lines, a series
of relays one for each of said trunk groups,a pref-
erence circuit controlled by said relays for select-
ing a trunk group to be conmected with, and
means for starting said preference circuit at one

‘of a limited plurality of said relays.

17. The combination in a telephone system, of
telephone lines, a plurality of groups of trunks,
automatic switches having access to said trunk
groups for extending calls from said lines, a
series of relays one for each of said trunk groups,
a preference circuit controlled by said ays for
selecting a trunk group to be connected with,
and means for starfing said preference circuit at
a different one of a limited plurality of said relays
on successive calls. .

18. The combination in a telephone system, of
telephone lines, a plurality of groups of trunks,
automatic switches having access to said trunk
groups for extending calls from said lines, g series
of relays one for each of said trunk groups, a
rreference circuit controlled by said relays for se-
lecting a frunk group to be connected with, and
means’ for starting said preference circuit at
either one of two of said relays on alternate calls.

19. In a telephone system, a cross-bar switch,
a plurality of lines appearing respectively in the
contact rows of said switch, a group of trunks for
extending calls from said lines, and means de-
pending on the location of a calling line in said
switch for selecting one of said trunks for use
in extending a call.

20. In a telephone system, a cross-bar switch,
a plurality of lines appearing respectively in the
contact rows of said switch, a group of trunks
for extending calls from said lines, a series of
relays for identifying the location of g calling
line in said switch, a series of test relays for
identifying idle trunks in said group of trunks,
a preference chain circuit including contacts of
said trunk test relays and means under the con-
trol of said line relays for starting said prefer-
ence circuit at a contact of the corresponding re-

" lay In said series of trunk relays.

21. In a telephone system, a cross-bar switch,
a plurality of lines appearing respectively in the
contact rows of said switch, a group of trunks
for extending calls from said lines, a series of
relays for identifying the location of a calling
line in said switch, a series of test relays for
identifying idle trunks in said group of trunks,
& circuit for selecting one of said trunks for use

<
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in extendlng a ca.ll means under the control of
said line position identifying relays for directing
said ecircuit to corresponding ones of said trunk
relays, and means for completing said circuit
5 over the first of said relays identifying an idle

trunk. 5
22. In g telephone system, a cross-bar switch,

a plurality of lines appearing respectively in the

contact rows of said switch, & group of trunks for

10 extending calls from said lines, & series of relays
for identifying the location of a calling line in

i said switch, a series of test relays for identifying
idle trunks in said groups of trunks, a plurality
of preference circuits interconnecting relays in

15 said series of relays, and means for selecting one
of said trunks for use for extending the call in-
cluding the relay identifying the calling line, the
corresponding preference circuit and one or more
of said trunk relays according as said trunks are

20 busy or idle.

23. The combmatlon in g telephone system, of
‘a, plurality of selective switches, a plurality of
subscribers’ lines appearing in the contacts of
said switches, controlling mechanism operable in

25 accordance with the directory numbers of said
lines for selectively operating said switches to
complete calls to said lines, and distributing
means whereby any one of said lines may at will
be shifted to appear in any of the contacts of

30 any of said switches without changing the di-
rectory number. :

24. In 'a telephone system, a plurality of
switches, subscribers’ lines appearing in the ter-
minals of said switches, a controlling mechanism

35 common to said switches for receiving the des-
ignation of a called subscriber’s line, said mech-
anism serving to selectively operate said switches
to complete a connection to the line as a called
line, relays, one for each of said switches, iden-

40 tifying leads respectively individual to said lines,
circuit means including the leads of all lines ap-
pearing in a particular switch for operating the
corresponding relay, means controlled by the op-
erated relay for connecting said controlling

45 mechanism to the corresponding switch, and dis-
tributing means whereby said identifying leads
may be shifted from one relay to another to en-
able said lines to be shifted from one switch to
another Wxthout changing the directory num-

-50 bers.

25. In a telephone system, a . plurality of
switches arranged in levels, subscribers’ lines ap-
pearing in the terminals of said switches, a con-
trolling mechanism common to said switches for

65 receiving the designation of a called subscriber’s
lihe, said mechanism serving to selectively oper-
ate said switches to complete a connection to the
called line, relays, one for each level of said
switches, identifying leads respectively individual

60 to said lines, circuit means including the leads of
all lines appearing in a particular level for op-
erating the corresponding relay, means con-
trolled by the operated relay for connecting said
controlling mechanism to the corresponding

65 switch level, and distributing means whereby
said identifying leads may be shifted from one
relay to another to enable said lines to be shifted
from one switch level to another without chang-
ing the directory numbers.

70 26. In a telephone system, a plurality of line
choices, each of said choices comprising a plu-
rality of subscribers’ lines and a plurality of se-
lective switches, the lines and switches of a choice

_being divided into a plurality of groups, said lines

75 being further divided into subgroups, a switch
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controlling marker common to all of said choices,
means for connecting said marker to the switches
In any one of said choices, a translator in said
marker responsive to a called line designation re-
corded therein for selecting the choice of lines
and the subgroup of lines in said choice contain-
ing the called line, and distributing means be-

tween said translator and said line choices to en~-

able a subgroup of lines to be moved from the.

switches of one line choice to the switches of

another line choice without changing the dlrec- .

tory numbers of said lines.

27. In a telephone system, automatic switches,
a group of private branch exchange lines appear-
ing in the terminals of said switches, said lines
being divided into subgroups, switch controlling
markers common to said switches, a connector for
connecting said markers individually to the
switches containing said private branch exchange
group, test means in said markers for testing said
lines, one subgroup at a time, relays one for each
of said subgroups of lines, for connecting the
marker test means to said lines, a testing mecha-
nism in said markers for causing successive oper-
ation of said relays to test said subgroups suc-
cessively until an idle line is found, the order of
testing varying according to the marker making
the test.

28. In a telephone system, automatic switches,
a group of private branch exchange lines appear-
ing in the terminals of said switches, said lines
being divided into subgroups, switch controlling
markers common to said switches, a connector
for connecting said markers individually to the
switches containing said private branch exchange
group, test means in said markers for testing said
lines, one subgroup at a time, relays one for each
of said subgroups of lines, for connecting the
marker test means to said lines, a testing mecha-

- nism in said markers for causing successive oper-

ation of said relays to test said subgroups suc-

, cessively until an idle line is found, means under

the control of the registered line designation for
determining the starting point for testing the

first of said subgroups, means for automatically

determining the starting point in testing other
subgroups, and means for varying the order of

“testing said subgroups according to the marker

making the test.

29. In a telephone system, automatic switches,
subscribers’ lines and a group of private branch
exchange lines appearing in the terminals of said
switches, said subscribers’ lines and private
branch exchange lines being divided into sub-
groups, one of said subgroups being comprised
of a number of private branch lines followed by
a number of subscribers’ lines, other subgroups
being comprised only of private branch exchange
lines, a marker having means for testing said

-lines by subgroups, and means effective when

the marker has tested the last one of the private
branch exchange lines in the subgroup also con-
taining subscribers’ lines for disassociating the
marker from that subgroup and for associating
it. with the next subgroup containing  private
branch exchange lines of the same private branch
exchange group.

30. In a telephone system, automatic switches,
subscribers’ lines and groups of private branch
exchange lines appearing in the terminals of said
switches, said subscribers’ lines and branch ex-
change lines being divided into groups in certain
of which branch exchange lines terminate the
group ahd in others of which the branch exchange
lines are followed by subscribers’ lines, a marker
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having means for testing said lines by subgroups,
means normally effective when the marker has
tested a branch exchange line as the last line of
the subgroup to disassociate the marker from that
" 5 subgroup and associate it with another subgroup
containing other branch exchange lines of the
same group, and other means operated when the

marker has tested the last one of the branch ex--

change lines in a subgroup also containing sub-
10 scribers’ lines for identifying the subgroup con-
taining additional private branch exchange lines

of the same group and for controlling the trans- '

fer of the association of the marker to that sub-
group. ) :

15 31. In a telephone system, a plurality of line
groups, each comprising a number of selective
switches and a plurality of telephone lines, a plu-

- rality of incoming switches for extending incom-

ing calls to said lines by way of said first-men-
20 tioned selective switches, trunks interconnecting
each of said incoming switches with the selective

switches of a particular line group, said trunks i

being divided into groups all of which comprise

a uniform number of trunks, some of said groups

25 comprising only trunks coming from & particu-
- lar incoming switeh, a certain one of said groups
comprising trunks from each of a plurality of
said incoming switches, a testing means for test-
ing said trunks by groups and arranged to.test g
30 full group at a time, and means effective when a
call is being extended from g particular incoming
switch to said particular line group and when the
trunks of said certain group are being tested, for
rendering busy to the test means all trunks in
35 such certain group coming from incoming
switches other than said particular incoming
switch. :

32. In a telephone system, a plurality of line

groups, each comprising a number of selective
40 switches and a plurality of telephone lines, a
' piurality of incoming switches for extending in-
coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
45 selective switches of a particular line group, said
trunks being divided into groups all of which
comprise a uniform number of trunks, some of
said groups comprising only trunks coming from
a particular incoming switch, a certain one of
50 said groups comprising trunks from each of 5
plurality of said incoming switches, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, relays for
connecting said testing means with the group of
55 trunks to be tested, and means controlled by the
relay connecting said test means with said cer-
tain group of trunks for rendering busy to the
test means all trunks in such certain group com-
ing from incoming switches other than said par-
60 ticular incoming switch.

33. In a telephone system, a plurality of line
groups, each comprising a number of selective
switches and a plurality of telephone lines, a
" plurality of incoming switches for extending in-

65 coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
selective switches of a particular line group, said
trunks being divided into groups all of which

70 comprise a uniform number of trunks, some of
said groups comprising only trunks coming from
a particular incoming switch, a certain one of
said groups comprising trunks from each of a
plurality of said incoming switches, a testing

76 means for testing said trunks by groups and ar-

_sald certain group of trunks.
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ranged to test a full group at a time, relays for
connecting said testing means with the group
of trunks to be tested, means controlled by the
relays connecting said test means with said cer-
tain group of trunks for rendering busy to the
test means all trunks in such certain group com-
Ing from incoming switches other than a par-
ticular incoming switch, and means for operating
the particular relay in accordance with the in-
coming switch over which the call is being ex- 10

[~

- tended.

34, In a telephone system, a plurality of line

- groups, each comprising a number of selective

switches and a plurality of telephone; lines, .a
plurality of incoming switches for extending in- 15
coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
selective switches of a particular line group, said
trunks being divided into groups all of which 20
comprise a uniform number of trunks, some of
said groups comprising only trunks coming from
a particular incoming switch, a certain one of
said groups comprising trunks from each of a
plurality of said incoming switches, a testing 25
means for testing said trunks by groups and ar-
ranged to test a full group at a time, relays for
connecting said testing means with g group of
trunks to be tested, and means to alternately

operate a relay for connecting said testing means 30

. with one of said groups comprising only trunks

coming from a particular ineoming switch and
a relay for connecting said testing means with

35. In a telephone. system, a plurality of line 3
groups, each comprising a number- of selective
switches and a plurality of telephone lines, a
plurality of incoming switches for extending in-
coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon- 40
necting each of said incoming switches with the
selective switches of a particular line group,
said trunks being divided into groups all of which
comprise a uniform number of trunks, some of
said groups comprising only trunks coming from 45
a particular incoming switch, a certain one of
said groups comprising trunks from each of a
plurality of said incoming switéhes, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, relays for 50
connecting said testing means with a group of
trunks to be tested, means to alternately operate
a relay for connecting said testing means with
one of said groups comprising only trunks com-
ing from said particular incoming switch, and a
relay for connecting said testing means with
said certain group of trunks, and means con-
trolled by the relays connecting said test means
with said certain group of trunks for rendering
busy to the test means all trunks in said certain 90
group coming from incoming switches other than
a particular incoming switch. '

36. In a telephone system, a plurality of line
groups, each comprising a number of selective
switches and a plurality of telephone lines, a 65
plurality of incoming switches for extending in-
coming -calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
selective switches of a particular line group, said
trunks being divided into groups all of which
comprise a . uniform number of trunks, some of
said groups comprising only trunks coming from
a particular incoming switeh, a certain one of 75
said groups comprising trunks from each of a

55

70

”»




2,089,931

plurality of said incoming switches, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, relays for
connecting said testing means with a group of
5- trunks to be tested, means to alternately operate
a relay for connecting said testing means with
one of said groups comprising only trunks com-
ing from said particular incoming switch and a
relay for connecting said testing means with said
10 certain group of trunks, means controlled by the

relays connecting said test means with said cer-.

tain group of trunks for rendering busy to the
test means all trunks in said certain group com-
ing from incoming switches other than a particu-
15 lar incoming switch, and means for operating a
particular relay in ‘accordance with the incom-
ing switch over which a call is being extended.
37. In a telephone system, a plurality of line
groups, each comprising a number of selective
20 switches and a plurality of telephone lines, &
plurality of incoming switches for extending in-
coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
25 selective switches of a particular line group, said
trunks being divided into groups all of which
comprise a uniform number of trunks, some of
sald groups comprising only trunks coming from
a particular incoming switch, a certain one of
30 said groups comprising trunks from each of a
plurality of said incoming switches, a marker
for controlling the connection between an in-
coming switch and & wanted line group, means
«a said marker for testing said trunks by groups,

36 means for successively testing a plurality of

trunk groups, relays for connecting said trunk
groups to sald marker and means for operating
a relay to connect a particular trunk group with
said marker under the joint control of the incom-

10 ing switch, the selected line group and the num-
ber of the test.

38. In a telephone system, a plurahty of line
groups, each comprising a number of selective
switches and a plurality of telephone lines, a

45 plurality of incoming switches for extending in-
coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of sald incoming switches with the
selective switches of a particular line group, said

50 trunks being divided into groups all of which
comprise & uniform number of trunks, some of
sald groups comprising only trunks coming from
a particular incoming switch, a certain one of
sald groups comprising trunks from each of a

55 plurality of said incoming switches, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, and means
to determine whether said particular group or
one of said other groups shall be tested first in

60 connection with a particular call.

39. In a telephone system, g plurality of line
groups, each comprising a number of selective
switches and a plurality of telephone lines, &
plurality of incoming switches for extending in-

65 coming calls to said lines by way of sald first«
mentioned selective switches, trunks intercon-

‘ necting each of saild incoming switches with thé
selective switches of a particular line group, said
trunks being divided into groups sll of which

70 comprise a uniform number of trunks, some of
said groups comprising only trunks coming from
a particular incoming switch, & certain one of
sald groups comprising trunks from each of &

49

plurality of said incoming switches, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, and means
to determine whether said particular group or
one of saild other groups shall be tested first in
connection with & particular call, comprising
means responsive to the number of the tests
made on & previous call.

' 40. In a telephone system, a plurality of the
line groups, each comprising & number of selec-
tive switches and a plurality of telephone lines,
a plurality of incoming switches for extending
incoming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
selective switches of a particular line group, said
trunks being divided into groups all of which
comprise & uniform number of trunks, some of
said groups comprising only frunks coming from
a particular incoming switch, a certain one of
sald groups comprising trunks from each of a
plurality of said incoming switches, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, relays for
connecting said testing means with a group of
trunks to be tested, means to alternately oper-
ate a relay for connecting said testing means
with one of said groups comprising only trunks
coming from said particular incoming switch and
a relay for connecting said testing means with
said certain group of trunks, and means to de-
termine whether said first relay or said second
relay shall be operated first in connection with
8 particular call. »

41. In a telephone system, a plurality of line
groups, each comprising a number of selective
switches and a plurality of telephone lines, a
plurality of incoming switches for extending in-
coming calls to said lines by way of said first-
mentioned selective switches, trunks intercon-
necting each of said incoming switches with the
selective switches of g particular line group, said
trunks being divided into groups all of which
comprise a uniform number of trunks, some of
said groups comprising only trunks coming from
& particular incoming switch, a certain one of
said groups comprising trunks from each of a
plurality of said incoming switches, a testing
means for testing said trunks by groups and ar-
ranged to test a full group at a time, relays for
connecting said testing means with a group of
trunks to be tested, means to alternately operate
a relay for connecting said testing means with
one of said groups comprising only trunks com-
ing from said particular incoming switch, and a
relay for connecting said testing means with said
certain group of trunks, means to determine

. whether said first relay or said second relay shall

be operated first in connection with a particular
call, comprising means responsive to the num-
ber of tests made on a previous call.

42. In a telephone system, a plurality of tele-
phone lines, a plurality of switches serving said
lines both as line switches and as final selector
switches, sald lines and switches being arranged
in a plurality of groups, control circuits, one for
each of said groups, for controlling the switches
on outward calls from said lines und a different
control circuit common to all of said groups for
controlling said switches to complete inward calls
to said lines.

. WARREN W. CARPENTER.
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