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UNITED STATES 

2,089,921 

PATENT OFFICE 
2,089,921 

DIAL TELEPHONE SYSTEM 
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. (CI. 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 eficient 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 the desired connections. 

40 

45 

55 

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 
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 
ciating 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 calls 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 junctor from the chosen 
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2,089,921 t 
Fig. 3 is a 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; 

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 
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 

64 show the terminating marker; 
Figs. 35, 36, 42, 43, 44, 50 and 51 show the termi 

nating sender link and control circuit; 
Fig. 56 shows the terminating marker con 

nector; 
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 
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 
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 

60 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 

70 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 

75 and the connection maintained under the control 
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of the subscribers at the district 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, 62, 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, 62, 630 and 63 f, each 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, 670, 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 
linehas access to each secondary line switch and to 
each district junctor outgoing therefrom. A given 
line linkisconnectedtothesecondary lineswitchoc 
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 669. Link 689, which is link No. 9 in level 
No. 0, connects with horizontal unit No. 0 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, appears in horizontal unit No. 9 
of Switch No. 9. 
The district junctors 66i and 662, include a 

relay circuit such as shown in Fig. 13 and extend 
to switches 700 and T0 similar in structure to the 
line Switches on a frame called the district frame. 
From each Secondary line switch, the ten district 
junctors 66,662, 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 700, 70, 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, 70 give access to 
twenty district links 70 to 73 which are dis 
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4. 
tributed to twenty Secondary di rict Selectors 
702, T03, 704, 705 and two hundred interframe 
trunks f4 to 2. In a similar way there is 
provided an Office frame having primary and sec 

5 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 90. The sender 90 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 902. 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 often senders, 
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 five 
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 
m 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 floo and O, for example, appear in 
the horizontal elements of the primary incom 

45 ing selectors i ? 0, , etc., which are two hurn 
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 4, 5, etc. 

50 Two hundred incoming links 102 to 09, 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 if 8 to 26, 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 5 appearing on the 

75 left in level No. 0 is connected by line junctor 
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8 in multiple 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 i T is connected by line junctor 6 
23 to the No. 0 vertical in level No. 9 of the 

Same frames as is selector 5. The selectors 
4 and 6 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. O 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 903 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 i line desig 

nation to the registers 400, 40, 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 40, 4f , etc. Each 
of the relays 40, 4, 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, 407, etc. 
Therefore, the registration of a designation 
marks one set out of five hundred sets of con 
tacts in the cross-connecting racks 500, 50 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 55 
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 5o 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 907, 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. 

DETALLED DESCRIPTION 

OUTGOING CALL 
Seieure of line group and control circuit 

When the subscriber at substation 200 orig 
inates a call, he closes a circuit from battery 
through the winding of line relay 202, outer 
lower contact of the combined hold magnet and 
cut-off relay 20 belonging to the calling line 
in primary line switch f 230, over the ring side 
of the line, through the subset, back Over the tip 
side of the line, inner lower contact of magnet 
20 to ground. 
Line relay 202 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 230 in which the line ap 
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 203 which is 
common to the ten lines appearing in switch 
230 and to conductor 204 which is individual to 

line 200. 
Ground on conductor 203 first identifies the 

horizontal group to which the primary line switch 
belongs by operating relay 205 over the upper 
back contact of relay 206. Relay 205 closes a 
circuit from ground over its upper contact to 
conductor 225 and thence to interrupter 600 
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 
60, outer left back contact of relay 65, middle 

left back contact of relay 602, right winding 
of relay 603 and battery. Relay 603 at its outer 
right back contact opens the circuit by which 
relay 60 l 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 
603 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 
603 closes a circuit from ground at its outer 

left front contact, right back contact of relay 
602, outer left back contact of relay 606, wind 

ing of relay 607 to battery. Relay 607 opens 
the operating circuit for relay 606 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 607, inner 
left back contact of relay 606, conductor 608, 
outer right back contact of relay 704, third left 
back contact of relay 700 to ground. A second 
circuit is closed from battery through the Wind 
ing of relay 2600, conductor 2604, outer left front 
contact of relay 607, right back contact of relay 
606, conductor 609, inner right back contact 

5 
of relay 704 and second left back contact of re 
lay 700 to ground. Relays 2600 and 2700 con 
nect the group relays to the home control circuit. 
Relay 200 in operating closes holding circuits 

for relays 2600 and 2700 independent of relays 
704 and 700. The circuit for relay 2600 may be 

traced to the right back contact of relay 606 
as for its operating circuit and thence over con 
ductor 1624, armature 2728 of relay 27 CO, con 
ductor 2729 to ground at the outer right contact 
of relay 607. The circuit of relay 2700 extends 
to the inner left back contact of relay f 606 as 
previously traced and thence over conductor f625, 
armature 273 of relay 2700, conductor 2732 to 
ground at the inner right contact of relay 607. 
As soon as relay 2600 closes its contacts, ground 

is connected from the inner right back contact of 
relay 22, conductor 79, armature 269 of re 
lay 2600, conductor 2620, outer right front con 
tact of relay 603 to conductor f : ... and inter 
rupter 1605. The function of this interrupter 
Will also be described hereinafter. 
When relay 2700 operates it closes a circuit 

from battery through the winding of relay TO, 
right back contact of Irelay 702, left; back con 
tact of relay 22, conductor 723 to ground at 
armature 279 of relay 2700. 

Choosing horiaontal group 
Relay 205 also closes a circuit from ground 

over its lower front contact, conductor 207, 
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 f 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. ASSunning that no other line is 
calling, relay 2209 locks, closing a circuit from 
ground over its Outer left front contact, con 
ductor 2219, armature 205 of relay 200, conduc 
tor 2706, winding of relay 208 to battery. 
Operating secondary line suitch select magnets 

Relay 208 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 2, armature 22 
of relay 208, top normal contact of jack 60 
to ground. A similar select circuit is closed for 
each of the ten line links. 

Choosing vertical group 
Relay 208 prepares for identifying the vertical 

group to which the line switch serving line 200 
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6 
belongs. It therefore extends the ground con 
nected to conductor 203, over armature 209, 
conductor 20, armature 2605 of relay 2600, con 
ductor 2606, outer left back contact of relay 
703, winding of relay 2226 to battery. With re 

lay 2226 operated a circuit is closed from battery 
through the winding of relay 707, inner right 
front contact of relay 2226, right front contact 
of relay 2209 to ground over the operating circuit 
of that relay. 

It will be noted that the upper armatures of 
relay 206 are multipled together so that the con 
nection of ground to any one back contact, as 
for example over conductor 203, Completes cir 
cuits similar to the One above traced Over all 
of these back contacts and the front contacts 
of relay 208 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 
703. With relay TOT 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 704, middle left front contacts of relays 
2220 to 2226, conductor 706, innermost left con 
tact of relay TOT to ground. Relay 704 at its 
outer left contact closes a holding circuit for re 
lay f T07 under the control of relay 2226 and a 
direct holding circuit for relay 2209. Relay f 704 
locks over its second left contact and conductor 
2720 to ground at armature 27 f 9 of relay, 2700. 
Relay 704 also completes a circuit from ground 
on conductor 2720, inner left back contact of 
relay 70, conductor 708, armature 2607 of relay 
2600, conductor 2608, armature 227 of relay 
208, winding of relay 206 to battery. Relay 
206 extends its operating ground to conductor 
225 to hold relay 603 operated. It also opens 

the operating circuit of relay 205 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 202 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 707 operated. 
When relay 205 closes its back contact, a cir 

cuit is completed from ground at that contact, 
innermost armature of relay 208, conductor 23, 
armature 2609 of relay 2600, conductor 260, 
Winding of relay T09 and battery. Relay 709 
closes a circuit from battery through the wind 
ing of relay 703, inner right contact of relay 
709, to the armature of relay 2220. This circuit 

extends over the back contacts of unoperated 
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 
703 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 
26t? of relay 2600, conductor 262, armature 
24 of relay 208 to battery through the wind 

ings of relays f25 and 26 in parallel. Relay 
26 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 f25 connects the ten individual calling con 
ductors through to the control circuit. 

Choosing the line 
The operation of relay 25 identifies the posi 

tion of the calling line to the control circuit by 
closing a circuit from grounded conductor 204, 
contact pf relay 25, conductor 27, armature 
263 of relay 2600, conductor 264, outer left 
back contact. of relay 78, winding of relay 
2240 to battery. Relay 25 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 calling 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 fill, 
over the second front contact of relay, 2240 to 
the operating circuit of relay 2240 and ground. 
With relay Ti f i operated a circuit is closed from 
battery through the winding of relay 70, left 
front contact of relay il f, innermost front con 
tact of relay 2240 to ground over the Operating 
circuit of that relay. Relay to locks to con 
ductor 726 which is grounded at the back Con 
tact of relay f TOO and the inner front contact 
of armature 279 of relay 2700. Relay 70 ex 
tends its locking ground to the winding of relay 
78 which opens the operating circuits of relays 

2240 to 2249. Relay 70 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 fift and 70 and for lock 
ing the line test relays extend to the armatures 
of relay 2240 and are completed thereover since 
relay 2240 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 78 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 70 also closes a hold 
ing circuit for relay 709 at its third right con 
tact and a locking circuit for relay 703 at its 
fifth right contact. Therefore, with relay f 70 
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 1703 closes a circuit from battery 
through the winding of relay 702, outer right 
contact of relay 703, left contact of relay 70, 
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outer right back contact of relay II22, conduc 
tor 72, contact 2707 of relay 2700, conductor 
208 to ground at the lower back contacts of the 
five relays such as relay fa00 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 

Relay TO2 locks over its inner contact, is idle. 
Outer right back contact of relay 22, and thence 
to ground as traced over its operating circuit 
and opens the circuit of relay 70. Relay TOf 
is slow-to-release and after an interval closes 

65 
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its left back contact, completing a circuit from 
ground at armature 279 of relay 200, conduc 
tor 723, left back contact of relay 722, right 
front contact of relay 702, left back contact of 

5 relay 70, conductor 73, armature 2709 of re 
lay 2700 to the winding of relay 20 and battery. 
The function of relay 270 will appear later. 
Selection of district junctor and Sender test for 

O 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 

5 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 

20 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 208 operates, it tests the 
line links to determine which are idle by con 

25 necting test relays 2260 to 2269 over armatures 
222, 223, etc. to the ten line links extending 
from primary line Switch 230 to the ten second 
ary line switches, one of which appears at 240. 
At the same time it connects battery through a 

30 resistance over armatures 1220, 1221, etc. 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 223 of relay 208, conductor 224, lower 
normal contact of jack f60, conductor 623, ar 
mature 26, 5 of relay 2600, conductor 266, 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 fl O4 and 70, 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 secondary 
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. 

50 

55 

Regular test 
For test purposes, each group of twenty dis 

60 trict junctors is divided into two groups of ten 
each. When relays flo and TOT 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 
tact of relay 707, right back contact of relay 
2269, assuming the corresponding line link to be 
idle, inner right contact of relay T05, conductor 
T4, armature 27 of relay 2700, outer right 

70 back contact of relay 270, which has not yet 
operated, conductor 272, right back contact of 
relay 80, outer upper back contact of relay 
800, inner left back contact of relay 802 to 
ground at the back contact of the hold magnet 

75 45 of the secondary sender selector. The re 

lays 802, 803, 804, etc. are sender group busy 
relays and Operate, as will be 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 5 
busy relays to the back contacts of hold mag 
nets of the Sender links having access to the cor 
responding group of senders. Relay 800 op 
erates as soon as the sender link and control 
circuit is individualized to a line group and is 10 
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 805 
in parallel to the one traced. The other eight 15 
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 f80? and 805 are 20 
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 junctors 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. 

30 

Reserve test 
35 

If none of the group relays 2280 to 2289 has 
been operated by the time relay 7 of releases and 
relay 270 operates, a reserve test is made, the 
group test circuits being transferred to the front 
contacts of relay 27 O and the right armatures of 40 
relays 87 and 89. In those district groups 
containing one idle district, relays 87 and 89 
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 45 
which find idle, equipment as outlined, operate 
and attempt to lock over their inner right front 
ocOntacts. 

Relays if S and 76 are arranged to operate on 
alternate calls and change the preference anong 50 
the groups of district junctors. With relay 5 
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 55 
through the right winding and over the inner 
right front contact of relay 2282, outer left back 
contact of relay 7 5 to conductor 7 7 in paral 
lel with the winding of relay 705. With relay 
75 operated, the first group of ten district 

junctors is given preference by the closure of the 
locking circuit of relay 2280 to conductor if T. 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 to 
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, 75 

60 
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District group preference 

Each group of district junctors is multipled to 
a plurality of line groups, the number of groups 
depending on the density of the traffic 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 
cuit there is a relay such as relay 2800 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 280. 
The relays belonging to a particular group of dis 

5 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 280 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 280 were operated no circuit would be avail 
able for relay 2800. Assuming, however, that 
group relay 2289 is operated alone and relays 
280 and 2802 are not operated, a circuit is closed 
from ground over the normal contacts of relays 

30 2802 and 280, winding of relay 2800, armature 
273 of relay 2700, conductor 274, third right 
front contact of relay 2289, back contacts of in 
termediate relays and relay 2282, middle left back 
contact of relay 75, outer left front contact of 

35 relay 704, inner left front contact of relay 709 
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. 

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 circuit may 
be traced from ground at the fourth left contact 

4 of relay 2800, conductor 2806, contact 1902 of 
transfer key 900 normally operated, conductor 
1903, winding of relay 2000, normal contacts of 
relay 200 to 2004, conductor 2010 to battery at 
the left back contact of relay 2400. 

Since each sender control circuit serves five 
district 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 inner 
right contact and disconnects the operating bat 
tery from relays 200, 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 
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 240. 
Relay 2500 starts the timing circuit connected 

O 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 f 904, 
through the winding of multi contact relay 806 

as which is individual to the group of district junc 

60 
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tors represented by relay 2000, thus appropriating 
the sender control circuit to the one group. 
With relays 88 and 240 operated, a circuit is 

closed from battery through the winding of re 
lay 2400, right contact of relay 240 f, key contact 5 
905 to ground at armature 807 of relay 806. 
Relay 2400, an off-normal relay, locks to its op 
erating ground independent of relay 240 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 906, upper winding of relay 800 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 800 
would open the test leads for the two relays such 
as relay 2289 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 75, conductor 
77, armature 267 of relay 2600, conductor 268, &cs 

outer right front contact of relay 2800, conductor 
280, armature 808 of relay, 1806, key contact 
1907, back contact of relay 2405, key contact 
f 908, armature 809 of relay fos over the back 
contacts of relays 802, f803, 804, etc. to ground 45 
at the back contacts of the hold magnets of idle 
Secondary selectors. In parallel with this locking 
circuit relay 705 is operated, opening the oper 
ating circuits for the group test relays 2280 to 
2289. Relay 705 also closes an obvious circuit for 50 
relay 722 which disconnects ground from inter 
rupter 605. It also releases relay f T02, in turn 
releasing relay 27 fo and canceling the reserve 
test above mentioned. In addition it opens the 
circuit of relay. Of to prevent its reoperation 55 
when relay 702 falls back. Furthermore it closes 
a circuit from ground at the middle right contact 
of relay ff0, left front contact of relay 722, 
inner left back contact of relay 75, 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 2700, conductor 2726, middle right front con 
tact of relay 2800, winding of relay 2805 and bat 
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 262 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 75 to ground at the outer left back con 
tact of relay 700. 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 

5 tors making up the group of twenty to which the 
Sender control circuit has access. 

Operate select magnet of primary line soitch 
With relay 2803 operated, a circuit is closed 

from ground at its outer left contact, conductor 
2809, armature f228 of relay 208, to battery 
through the winding of select magnet 226 of 
the primary line switch 230. 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 functor 
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 280, winding of relay 42 
and battery. Relay f42 closes an obvious cir 
cuit for relay 45. With relay 42 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 300, uppermost back contact of relay 
30, inner upper back contact of relay 1302, con 

tact of jack 303, conductor 1304, loverback con 
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relay 42, key contact 909, winding of relay 
240 to ground at the outer left back contact of 
relay 2406. Similar test circuits are closed by 
relay 42 from the other nine district junctors 

40 of the group to relays 244, 249, etc. The relays 
corresponding to 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 24.06 and bat 
tery, operating relay 2406. Relay 24.06 discon 
nects ground from the windings of these district 

50 test relays to prevent the operation of any addi 
tional relays should a district junctor become 
idle. It also prepares circuits for relays 250 
and 2502. 

Testing for idle sender group regular test 
When relay 806 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 230. A 
similar circuit is closed over the back contacts 

65 of relay 2304 and the succeeding relay to con 
ductor 230. 

If all the senders of the group are idle, ground 
is connected over the back contacts of each two 
successive relays to conductor 23f O. 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 2309, right operated contacts 
of the intermediate relays including the right 

75 front contact of relay 2304, back contact of relay 

55 

tact of magnet 402, outermost left contact of 

9 
2 to conductor 230. 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 230 is grounded. If all of the 
senders are busy, a chain circuit over their mid 
dle left contacts operates relay 23 ff, marking the 
entire group busy. Relay 23 in turn operates 
relay BO2 to open the test circuit previously 
traced. 
The test circuit extends from ground on con 

ductor 20, over the back contact of relay 23, 
right back contact of relay 23f2, back contact of 
relay 23, conductor 234, back contact of sec 
ondary sender selector hold magnet 452, arma 
ture 80 of relay 806, right back contact of 
relay 02, conductor 8ff, key contact 80, 
outer left back contact of relay 20?, right wind 
ing of relay 2020 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 
a circuit from battery at the inner left front con 
tact of relay 2000, outer left front contact of 
relay 2020, conductor 2012, key contact 19, 
conductor 92, winding of relay 235 to ground. 

Selecting sender group 
For each group of senders in each sender con 

trol circuit, a relay such as relay 235 is provided, 
and the relays pertaining to the same sender 
group in all of the sender control circuits are ar 
ranged in a chain in such a manner that a cer 
tain sender group is preferred by certain control 
circuits and when selected for use by a control 
circuit is locked away from other control cir 
cuits. Relays 236 and 237 belong to the same 
Sender group as relay 235 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 236 and 237 receive their operating 
ground over the normal contact of relay 235. 
With relay 235 operated, the operation of the 
link lock relays 236 and 237 of other control 
circuits is prevented. Relay 235 at its middle 
left contact closes a circuit for relay 232, which 
disconnects ground from the front contact of 
relay 233 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 235, 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 
93, conductor 9 f4, outer right contact of re 
lay 235, back contacts of relays 236, 237, etc. 
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 235, 
conductor 238, key contact 95, winding of re 
lay 20 and battery. Relay 20 opens the 
operating circuits of the sender group relays 2020, 
2024, 2029, etc., provides a holding circuit for 
relays 705 and 2289 and closes a circuit from 
ground at the inner left back contact of relay 
2503, outer right front contact of relay 20, 
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 1916, conductor 97, outer left front contact 
of relay 235, to the winding of relay 239 and 
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battery. Relay 239 connects the control circuit 
to the selected group of senders and proceeds to 
test for an idle sender in the group. 

Selecting idle sender 
In order to distribute the use of Senders and 

district junctors, preference is based on the loca 
tion of the line calling. For this purpose relay 
2240 grounds conductor 2624, as does the next 
higher numbered relay, while relay 2249 grounds 
conductor 2239 which is also grounded by the next 
lower numbered relay and the intermediate re 
lays in pairs ground three other conductors. It 
being assumed that relay 2240 was operated and 
locked, conductor 2624 is grounded, preparing 
a circuit over armature 2623 of relay 2600, con 
ductor 28, fourth left contact of relay 2805, 
conductor 83, armature 82 ofrelay 1806, con 
ductor 233, armature 2330 of relay 239, inner 
left back contact of relay 2332, over the back 
contact of relay 2300 to the winding of relay 2320, 
normal contacts of relays 2324, 2329, etc., to bat 
tery. If relay 2300 were operated to indicate 
that this sender was busy, the circuit would be 
extended to 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 2300 to 2309 
and complete the circuit of the first relay of the 
group 2320 to 2329 which corresponded to an idle 
Sender. 
Assuming relay 2320 to be operated, it locks to 

battery at its own front contact and supplies a 
holding ground for relay 23f2. ? 
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 232, and completes 

40 a circuit from ground at its inner right contact, 
armature 2333 of relay 239, conductor 2334, key 
contact 198, conductor 1919, outer 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 240 had been operated alone, indicat 
ing that only the one district junctor was avaii 
able in that group, relay 2502 in operating would 

50 have closed a circuit from ground at the left back 
contact of relay 2408, outermost left front contact 
of relay 2502, outer left front contact of relay 
240, inner left back contacts of relays 244, 
249, etc., conductor 2409, key contact 1920, con 

55 ductor 92f, inner right front contact of relay 
45 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 spitch 

60 
Relay 2502 also closes the circuit of the hold 

magnet of the secondary line Switch having ac 
CeSS to the Selected group of districts... his cir 
cuit may be traced from the preference ground 
supplied to conductor 233 from the front con 
tact of relay 2240 as previously traced, over key 
contact 937, conductor f 922, inner right contact 
of relay 2502, conductor 2524, middle right front 
relay 240, conductor 2407, Key contact f923, con 
ductor l924, armature 84 of Irelay 1806, con 
ductor f3 (5, outer right contact of relay 2803, 
conductor 2823 to the winding of hold magnet 
24 f. 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 
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junctors in the secondary line switches. The 
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 functors 
At this time the control circuit tests the group 

of district junctors for availability for use on 
future calis. Relay 2502 in operating closes a 
pair of circuits from ground at its third and 
fourth right contacts, conductors 2505 and 2506, 
key contacts 925 and 926, armatures 25 and 
826 of relay 1806 through the windings of relays 
805 and 80?, respectively. These relays pre 
pare test circuits for all of the district selectors 
of the group represented by relay SOS. Battery 
from idle selectors is connected as previously 
traced to conductor 304 and over the back con 
tact of the hold magnet of the primary sender 
selector, outer left contact of relay if, re 
sistance 86, windings of relays and 88 
in series to ground. Similar circuits extend from 
battery at idle junctors to the group of contacts 
of relays 80 and 805, ten being connected in 
parallel to the windings of relays 8 and 8 
and the other ten being connected in parallel to 
the windings of relays 89 and 20. Relays 
88 and 820 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 8 and 89 are sensitive relays, 
operating if the circuit is completed at any one 
district junctor. If relay 88 fails to operate, re 
lay 80 locks over the back contact of relay 88, 
right front contact of relay 0 and the normal 
contacts of relays 43 and 42 when relay 4 f2 
releases as described hereinafter. Similarly, if 
relay 820 fails to operate relay B05 locks under 
the control of relays 42 and 43. The test 
circuits are held closed as long as relays 80 and 
805 remain operated so that if two district junc 

tors become idle, relay 88 or f2 will operate, 
in turn releasing relay 80 or f05 and being re 
leased in turn together with relays B7 and 89. 

if one district junctor in the group is idle, so 
that relay 87, for example, is operated, relay 
f87 closes a substitute test circuit from the back 
contact of magnet 45, over the right front con 
tact of relay f6 7 to conductor 835, which, when 
relay 20 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 89 performs the same function for the 
second group of ten districts. If neither relay 
8 nor relay 89 is operated, indicating that 
no idle districts are available, the locking ground 
for relays 80 and 805 is extended over the in 
ner Iower and upper contacts of relay foe in 
parallel, back contacts of relays 89 and 87 
in series to the lower winding of relay 800 hold 
ing that relay operated and opening both the 
regular and reserve test circuits. 

Operating select magnet of primary sender 
selector 

When relay 239 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 fes, conductor 82 to 
battery through the winding of select magnet 
403 of primary sender selector 400, thereby 
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preparing the one sender link which connects the 
selected district 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 2336 of relay 239 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 233 of relay 239, 
conductor 2338 to battery through the winding 
of select magnet 453 individual to the selected 
sender in the secondary sender Selector ?450? 
Magnet 453 in operating closes a circuit from 
ground at its front contact, conductor 44, key 
contact 927, conductor 928, left normal con 
tact of relay 2507, outer right contact of relay 
2406, winding of relay 250 and battery. 
Operating hold magnets of sender Selectors 
With relay 250 operated, a circuit is closed 

from battery through the windings of hold mag 
nets 40 and 402 (two switches are used in or 
der to close through the large number of con 
ductors) outer left contact of relay 1415, con 
ductor 46, key contact 1929, conductor 1930, 
outer right front contact of relay 240, inner left 
front contact of relay 250, conductor 1922, and 
key contact 1937 to conductor 233 and to the 
preference ground as previously traced. Mag 
nets 40 and 402 connect the selected district 
junctor to the sender link 40 and magnet f402 
extends its operating ground Over conductor 404 
of the sender link f4 to to the windings of the 
hold magnets 45 and 452 of the secondary 
sender selector, thereby connecting the district 
junctor over the sender link to the Selected Sen 
der. Magnet 452 closes a holding circuit for it 
self and the other sender selector hold magnets 
over conductor 47, thereby extending the op 
erating ground to the sender. Magnets 40 f, 
402, 45 and 452 open their back contacts to 

45 mark the switches and links busy to other calls. 
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Magnet 40 in operating closes ground over 
its lower front contact, middle upper back con 
tact of relay 302, lower normal contact of relay 
39, left back contact of relay 306, resistance 
305 to conductor f 242 to hold the hold magnet 
24 of the secondary line switch. 
Operating hold magnet of primary line Spitch. 
When hold magnet (24 operated, it extended 

its operating ground over its lower front contact 
and the sleeve contact of the secondary line 
switch 240 over armature 223 of relay 208, 
conductor 224 and the line link test circuit as 
previously traced to the winding of relay 22.69 and 
battery. With relay 2269 operated, a circuit was 
closed as previously traced from battery through 
the winding of the primary hold magnet 20, 
contact of relay 26, conductor 2632, armature 
263 of relay 2600, conductor 2250, outermost 
front contact of relay 2240, outer left contact of 
relay 2269, second front contact of relay 2289, 
back contacts 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 823, armature 
1824 of relay 806, key contact f 931, conductor 
2508 to ground at the right back contact of relay 
2503. Magnet 20 connects the subscriber's line 

5 through to the line link and opens the circuit of 

1. 
line relay 202, thereby removing ground from 
conductors 203 and 204. 
When relay 2320 operates, it connects ground 

from armature 2336 of relay 239, over the Outer 
left front contact of relay 2320 to conductor 234 
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 f4 f6, 
operating sender busy relay 2300. Relay 2300 
opens the circuit of relay 2320 to prevent its 
Operation 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. Furthermore it closes 
a link in the Sender group busy circuit by which 
relay 23 is operated when all senders of a group 
become busy. In addition it connects conductors 
f49 and 420 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 2300 as above described is an 
indication that the tip and ring conductors are 
properly closed. 
The sender also extends the ground connected 

to conductor 47 by the hold magnets 402 and 
452 to conductor 422, armature 2342 of relay 
2319, conductor 2341, key contact I932, conduc 
tor 933, to the winding of relay 2507 and bat 
tery as an indication that these hold magnets 
have operated. 
When line relay 202 disconnects ground from 

conductor 204 it releases relay 7 ff. With re 
lay Ti f released a circuit is closed from ground 
at armature 2633 of relay 2600, conductor 225, 
front contact of relay 206, armature 227 of 
relay 208, conductor 2608, armature 260T of 
relay 2600, conductor 1708, second left front con 
tact of relay 70, inner right contact of relay 
f78, right left; back contact of relay II, con 
ductor 1120, armature 2I2 I of relay 2700, conduc 
tor 2722, outer left front contact of relay 2800, 
conductor 2820, armature 83 of relay 806, con 
ductor 1832, armature 2343 of relay 239, 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 80 f and 805 and 
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additional holding ground for relay 20 to pre 
vent its premature release and false reoperation 
of any of the relays 2020 to 2029. It also pre 
pares the circuit for relay 2030 and provides 
battery for relay 250. It likewise opens the 
circuit of relay 250 f which now releases opening 
the operating circuits for magnets 40 f, 402, 
45 and 452 which are held operated over con 
ductor 47 which, at this time is connected by 
the sender connecting relays to conductor f422, 
thence as previously traced to conductor 933, 
and in parallel with the winding of relay 250 
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through the upper winding of relay 2030, inner 
left front contact of relay 2507, conductor 928, 
key contact 1927, conductor 44 to ground at 
the front contact of select magnet 455. This 

is ground through the winding of relay 2030 is 
sufficient to hold magnets 40, 402, 45 and 
452 and also to operate relay 2030 against the 

opposition of the curent flow through the lower 
winding which is connected to ground over the 

10 inner right contact of relay 2400, upper winding 

3 

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 250 and 
closes ground to its winding, causing relay 250 
to operate. Relay 250 locks to ground at its 

5 middle left contact, prepares circuits for relays 
2425 and 2503 and connects ground over its inner 
left contact, conductor 25, key contact 934, 
conductor 1938, armature 2345 ofrelay 23 19, con 
ductor 2346 to the sender to cause the Sender 
to connect ground directly to conductor f4 it to 
hold the connection. The sender responds to 
ground on conductor 2346 by transferring con 
ductor 47 from conductor 422 to direct ground, 
thereby opening the circuit of relay 2030 which 

35 now closes ground over its normal left contact, 
right front contact of relay 250, left winding of 
relay 2503 and battery. 

Test of connection through line Spitches 
40. With relay 2503 operated, the circuit of relay 

239 and magnet 403 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"- 

45 cuit for the line hold magnet 20 f and locks to 
ground over its inner right front contact and the 
inner left contact of relay 250. Relay 2502 in re 
leasing connects the right winding of relay 2503 
over the left back contact of relay 2502 and the 

50 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 

55 is complete, a circuit will be closed from ground 
at the lower front contact of magnet 40, through 
the district junctor circuit as previously traced to 
sleeve conductor 242, sleeve contacts of the 
Secondary and primary line Switches, upper con 

60 tact of relay 26, conductor 2632, armature 263 
of relay 2600, conductor 2250, outer front con 
tact of relay 2240, front contact of relay 2269, 
second front contact of relay 2289 and back con 
tacts of the intermediate relays and relays 2282 

65 and 2280, conductor 2628, armature 2627 of relay 
2600, conductor 2822, inner left contact of relay 
2800, conductor 823, armature 824 of relay foG, 
key contact 93, conductor 2508, outer right 
front contact of relay 2503, outer left; back con 

70 tact of relay 2502, conductor 252, key contact 
935, armature 833 of relay 1806, conductor 
1834, middle left contact of relay 2800, con 
ductor 282 f, armature 2629 of relay 2600, con 
ductor 2630, outer right back contact of relay 

75 T , third right front contact of relay 70, wind 
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ing of the line control release relay 700 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 700 closes holding circuits for itself over 

its right contacts to relays 707, 704, 75 and 
T6, 1702, 722, 709 and fifs to insure that it 

releases last. It also closes ground over its 
middle left front contact, conductor T2, arma 
ture 2723 of relay 2700, conductor 2T24, to the 
left Winding of relay 60 and battery and over its 
inner left front contact, conductor 1727, arma 
ture 2733 of relay 2700, conductor 234 to the right 
winding of relay 60 and battery. Relay 60 
operates, opening the circuit of relay 603 which 
releases, in turn releasing relays 607, 2600 and 
2700. Relays 2600 and 2700 disconnect the line 
control circuit from the line group circuit, there 
by releasing relay 208 which opens the circuits 
of relays 25 and 26 and of all select magnets 
including magnet f2. 

Relays 2600 and 2700 also release relay 2800 
which in turn releases relays 2805 and 2803. In 
the line control circuit, the release of relay 2700 
releases relays 70 and 704 which in turn re 
lease relays 709, 7 í 8, 1703, 2200 and 2240, while 
the release of relay 2600 releases relays 2289, 2269, 
705 and 722. With all of these relays released, 

relay floo 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 242 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 f206 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 f206 and prevents that group from placing any 
more calls. As each group is served the corre 
sponding relay 206 is operated and held. With 
relay 1206 operated, relay 205 cannot reoperate. 
When there is no longer any operated relay like 
relay 205, those relays corresponding to relay 
206 for groups which have been served release 
and waiting calls in groups already served may 
be extended. 

Rotation of district group preference 
When relay f OO 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 75, through resistance 24 to 
battery. Relay 75 locks to ground at its inner 
right contact, completing a circuit from battery 
through resistance 25, winding of relay 76, to 
ground at the inner right contact of relay 5. 
Relay 6 does not operate being shunted by 
ground from the outer left front contact of relay 
700 which is connected over the left back con 

tact of relay f f 6 to resistance f 125. When the 
control circuit has restored to normal, relay 700 
releases and relay 76 operates. These relays 
remain operated throughout the next call. When 
relay 700 operates at the release of the next call, 
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ít connecta ground over its outer left contact and 
the left front contact of relay it to resistance 

24 in shunt of the winding of relay f, re 
leasing that relay but holding relay oper 

5 ated over the normal contact of relay 5, 
When relay releases relay also falls 

Ehe purpose of these relays is to prevent an 
originating subscriber from always getting the 

0 same district junctor and the same Sender cir 
cuit during periods of light traffic. 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, 280S and 2803 or 2804, which identify 

the group of districts, are supplied over chained 
contacts of the group relays 2280 to 2289 and are 
introduced into the chain over contacts of relay 
75 so that relay 2280 is in preferred position 

20 when relay 5 is operated and relay 2282 is in 
preferred position when relay 5 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 235, opening 
the locking circuit of relay 2020 and the operat 
ing circuit of relay 20. However, relay 20 
is held operated over the Second left front con 

30 tact of relay 250T. The release of relay 2803 
releases relay 42 and relay 45. When relay 
42 releases, the locking circuits above described . 
for the test relays of the district group are closed 
and relays 80 and 805 are held operated if 

35 less ... than two district junctors are available. 
With relays 2800 and 45 released, relay f806 
releases, disconnecting the Control circuit from 
this group circuit. Relay 806 opens the oper 
ating circuits of relays 80 and 1805 thus leav 

40 ing these relays dependent om relays 188 and 
820. Relay. 806 also opens the locking circuit 

of relay 200, releasing the operated relays of 
the group 240 to 249. With relays 235 and 
806 released relay 239 also releases in turn 

45 releasing select magnet (453. When magnet 453 
opens its contact it opens the holding circuit of 
relay 250 and that relay releases, since relay 
2400 is also released. 
With relay 250 released, relays 20 and 250 

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 8 and 
89 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. 

S Class of service indication 
Subscribers' lines requiring the same class of 

60 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 2249, operated by the 
line is an indication of the class of Service re 
quired by that line. The set of punchings 285 

65 which are grounded by the corresponding line 
test relays are cross-connected to the Set of con 
tacts 28 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 

? 13 
225, armature 27 IT of relay 270, conductor 
28, cross-connecting, terminals 288 and 288, 
Second right contact of relay 280S, conductor 
289, armature 30 of relay 1896, armature 2348 - 
of relay 2 over conductor 239 to the selected 
sender. District frame indication 

Likewise relay. 239 in operating connects 
ground to conductors 2849 and 2340 to identify 
to the sender the district junctor frame on which 
the district serving the call is located. 

Emergency 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 200 and the 
group circuit of the home frame, while they ex 
tend in parallel over contacts of relays, such as 
relays 260 and 270 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 200 
to the home control circuit and over contacts of 
relays 260 and 270 to the mate control circuit. 
When relay 205 operated to ground the start 

lead 225 and operate relay 603 it also connected 
ground to interrupter 600. . When relay 2600 
operates it also closes ground to conductor 225 
thus maintaining the ground on interrupter 600 
until the line is connected through to the district 
junctor and sender. When interrupter 600 
closes its left contact it operates relay 64 which 
locks to the start lead 225 and prepares a cir 
cuit for relay 65 which is completed if inter 
rupter 600 closes its right contact before relay 
64 is released. Relay 65 operates relay 66 
which locks under the control of key f67, lights 
lamp 68 and operates an alarm over conductor 
69 and key 620. 
Relay 65 also closes a circuit from battery 

through the winding of relay 62, left back con 
tact of relay 604, inner right front contact of 
relay 65, left back contact of relay f60s, to 
ground over key 622. Relay 62 locks over its 
own front contact to ground on key 622. With 
relay 62 operated and both control circuits 
working, as indicated by the fact that relay 602 
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 f60, 
inners left back contact of relay 602 of the home 
frame, third left back contact of relay 602 of 
the mate frame, right back contact of relay 604, 
outer right front contact of relay 65, inner 
right front contact of relay 62 to ground on. 

is key 622. Relay 60 opens the circuit of relay 
603 which releases, in turn releasing relays 607, 

2600 and 2700, thereby disconnecting the frame 
from the home control circuit. Since relay 700 
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has not been operated the control circuit does 
not return to normal. 
When interrupter 600 leaves its right contact 

relay f6 5 releases, in turn releasing relay. Of. 
5 Since relay 62 f is locked, a circuit is closed from battery through the winding of relay 1602 of the 
home frame, outer left back contact of relay 2 
of the mate frame, inner left back contact of re 
lay 65, outer right front contact of relay f62 to 

10 ground on key 622. Relay f602 closes an obvious 
circuit for relay 604 which closes a holding cir 
cuit for relay 602 to key 622 independent of the 
mate frame relay. Therefore, relays 62, 602 
and 604 are locked to key 622, lamp 62 being 

15 lighted under the control of relay f604. If con 
ductor 225 is still grounded when relay f60 re 
leases, relay 603 reoperates closing a circuit from 
ground at its outer left front contact over the 
outer right front contact of relay 602 to the 

20 winding of relay 606 of the mate frame. This 
relay operates the mate connecting relays 260 
and 27 Of 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 622 is operated. Since the 
circuits of relays 606 and 60 extend over the 
back contacts of each other, the control circuit 
is allotted to the two frames on an alternate basis. 

Sender control timing circuit 
The principal function of relays 250, 252, 

252, 253, 25 4, 2031, 24.05 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 203, 253 and 254 
during various intervals of the timing cycle and 
connects battery to relays 2520 and 252. 

45 Interrupter 2525 intermittently grounds con 
ductor 2526. At the first closure following the 
operation of relay 2500, a circuit is closed from 
batterythrough resistance 258, middle left con 
tact of relay 2500, winding and normal contact 

50 of relay 2520 to ground on conductor 252. 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 252, inner 
left contact of relay 2500 to battery through re 

55 sistance 257. Relay 252 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 252d 
operates. At the next closure of interrupter 2525, 

60 ground on conductor 2526 extends over the al 
ternate contact of relay. 252 in shunt of the wind 
ing of relay 2520 which releases, transferring the 
circuit of relay 252l to conductor 2526 so that re 
lay 252 remains operated until the interrupter 

65 again opens its contact, at which time relay 252 
also releases and relays 2520 and 252 are ready 
for another cycle. 
At the first operation of relay 252 a circuit is 

closed from battery through the winding of relay 
70 253, back contact of relay 203 f, left front contact 

of relay 252, to ground at the outer right contact 
of relay 2500. Relay 253 locks over the right 
back contact of relay 254, Outer left contact of 
relay 2500 to ground at the back contact of relay 

75 2520, which releases while relay 252 is held oper 

30 
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ated as above described. With relay 253 held 
operated, the release of relay 252 closes a circuit 
from battery through the winding of relay 203, 
left front contact of relay 253, left back contact . 
of relay 252 to ground at the outer right contact 5 
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 253 which extends the locking ground of 10 
relay 203 over the front contact of relay, 250 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 254, left front contact of relay 203 f, 
left front contact of relay 252, to ground at the 
outer right contact of relay 2500. Relay 254 locks 0 
to off-normal ground on conductor 2404, closes 
circuits for relays 80 and 805, prepares circuits 
for lamps 25 5 or 256 according as relay 250 or 
2507 is operated when the timing is completed, 
lights lamp 257, operates trouble meter 2528 and 25 
connects ground to conductor 259 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 254. 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 35 
at its left contact, left front contact of relay 2500, 
outermost right front contact of relay 254, 
through the winding of relay 24.05 to battery. 
Relay 2405 releases relays 2289, 705 and 1722 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 off-normal relays 2400 
and 2402, and relay 2500 which opens the cir 
cuit of relay 2405. Relays 2405 and 252 close 45 
holding circuits for relay 254 to prevent its pre 
mature release when ground is removed from 
conductor 2404 and 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 252 releases 
opening the holding circuit for relay 254 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. I . 

False starts 
As far as the sender control circuit is con 

cerned, there is no difference between a trouble 
condition wherein the tip and ring conductors 
through the switches of the established connec- 75 



15 2,089,921 ????? - : 
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 usually continues 
until after a sender has been selected and the 
control circuit 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 252 as above described, relay 253 in 
releasing operates relay 2425 to battery supplied 
by the sender and this relay operates a meter 
and also operates release relay 2503 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 848 operates relay 800, thus removing the 

20 associated group of twenty districts from service 
and permitting the adjustment of relays 8, 
88, 89 or 1820 or switches 400 or 450. Simi 
lar jacks are provided for operating relays 23 
and similar relays to remove a group of ten send 

25 ers from Service. 
Relays 2420 and 242 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 409 and 450 connect 
the tip and ring conductors from the Secondary 

35 line switch f240 directly to the sender without 
requiring the cooperation of the 'district junctor 
IrelayS. 1 

The function of this circuit has been described 
in applicant's copending application above re 

40 ferred to, hence the operation will be described 
only briefly. w 

... When the sender has received the office code 
and has been connected to the decoder marker 
500 through decoder marker connector 50?, the 

45 sender connects ground through the Sender Selec 
tors to conductor 309, operating relay 307. Re 
lay 307 controls the connection of the decoder 
marker 500 with the district link and the district 
junctor by way of the district connector circuit 

50 503. While the decoder marker is establishing 
the outgoing connection over the district and 
office links, it operates relay 323 over conductor 
324 in the case of a charge call. Relay 323 

locks over its inner lower front contact and the 
55 back contact of relay f3 to ground supplied 

from the sender to conductor 425. Relay 307 
is released when the decoder marker finishes its 
operation. 
The sender then controls the equipment at the 

60 distant office over conductors 33 and 34 and 
upon receiving the reverse battery signal which 
indicates the completion of its function connects 
ground to conductor 30, completing a circuit 
over the back contact of relay 30 to the Winding 

65 of relay 30 which operates and locks over the 
back contact of relay 3. Relay 30 connects 
the line to battery and ground through the wind 
ings of battery feed relay 32 and removes the 
battery from conductor 304 by which the circuit 

70 was marked idle. It also connects ground from 
the back contact of relay 3 to conductor 242 
in place of the ground from magnet 40 and 
closes a substitute holding ground for relay 323. 
When the sender is released from the district 

75 junctor, the hold magnets f40, 402, f45 and 

452 of the sender link release and relay 40 
supplies ground to contacts of relays 32 and 
35. 
The tip and ring conductors 33 and 34 

Outgoing to the distant office are connected Over 
front contacts of relays 30 to the winding of 
relay 35 and through condensers 36 and 37 
to the calling line. When the called subscriber 
answers, relay 35 operates, connecting ground 
from the back contact of magnet 40 to inter 
rupter 38. If the connection is maintained for 
a sufficient length of time, interrupter 38 closes 
its right contact operating relay 306 which locks 
under the control of relay 35. When inter 
rupter 38 closes its left contact it operates relay 
f39, which locks under control of relay 323. 

If both subscribers release, relays 32 and 
35 both release, and as soon as interrupter 320 

closes, relay 302 operates over the back contact 
of relay 3, front contact of relay 30, back 
contact of relay 32 to ground at the back con 
tact of magnet 40. Relay 302 locks over this 
Same circuit independent of the interrupter and 
closes a holding circuit for itself and an operat 
ing circuit for relay 3 during the time that 
interrupter 32 f is closed. Relay 302 provides 
a temporary busy ground to the line Switch sleeve 
conductor and a holding circuit for relays 39 
and 323. Relay 31 opens the holding circuit 
of relay 30 which in turn opens the locking cir 
cuits for relays 302 and 323 so that these re 
lays also release when interrupter 32 opens foll 
lowed by relays f3 and 39. - 
As soon as relay 30 closes its back contact, 

a circuit is closed from battery through resist 
ance 300, outer upper back contact of relay 30, 
Outer upper front contact of relay 302, upper 
front contact of Irelay 323, outer right front con 
tact of relay 39 to conductor 325 and through 
the line switches to the subscriber's meSSage regis 
ter i 23 f. When relay 302 releases the metering 
pulse terminates. 

If the called party disconnects but the calling 
party is slow in disconnecting, the release by the 
called party releases relays 35 and 306. When, 
thereafter interrupter 322 closes, it completes a 
circuit over the back contact of relay 306, front 
contacts of relays 39, 32 and 30? and back 
contact of relay 3 to interrupter 320, thereby 
Operating relay f302 which functions as previous 
ly described. The release of relay 30 opens the 
circuit for relay f32. 

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 3 as well as relay 
30 and the tip and ring conductors would be 
Connected through the junctor circuit independ 
ent of relays 3f2 and 35. In this case release 
is under the control of the Operator. 

Incom ING CALL 
Seiaure of Sender link and control circuit 

In the case of a call incoming to the cross-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 contact of 
relay 580, tip contact of jack 5800, tip conductor 
589, over the bridge at the originating office back 
to ring conductor 5820, ring contact of jack 5800, 
lower back contact of relay 580 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 
the circuit traced, connecting ground over its 
front contact and the inner lower back contact of 
relay 5805 to start conductor 582 to summon a 
terminating Sender. 
The incoming junctor is connected to the ter 

minating Sender by means of a group of primary 
and secondary cross-bar switches similar to those 
connecting the district junctor with the subscrib 
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 junctors, routing each to its own kind of 
sender. This latter arrangement is described and 

35 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 

to 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 582 it completes a circuit over the inner back 
50 contact of relay 52 which is individual to the 

junctor of Fig. 58, back contact of primary hold 
magnet 525, conductor 526, inner back contact 
of relay 3509, conductor 3530, right back con 
tact of relay 52, contact of jack 547 to the 

55 winding of group relay 522 and battery. The 
circuit of relay 522 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 
52 is operated if the control circuit is busy, hold 
magnet 525 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 
522 can only operate if the control circuit is idle 
and an idle link to an idle Sender is available. 

O 

Connecting junctor group to control circuit 
Assuming that relay 5f 22 operates, at its 

middle right contact it closes a holding ground for 
itself over the contacts of magnet 525 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 
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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 lome 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 
aiso opens the circuit of relay 4445 to prevent 
linterference 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 522 extends over 
conductor 527, armature 5002 ofrelay 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 440 to the winding of relay 444 and 
battery. Relay 44.29 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 520 in operating connects the start leads 

such as conductor 582 through to the trunk test 
relays 4400 to 4409, conductor 582 extending over 
armature 528 of relay 520, armature 5005 of 
relay 5000, inner lower back contact of relay 44 O 
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 52. Therefore the ground 
from conductor 582 also extends over other back 
contacts of relay 52 and front contacts of re 
lays 520 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 
440. With all of the relays 4400 to 4409 oper 
ated, a circuit is closed from battery through the 
winding of relay 52, armature 529 of relay 
520, armature 5006 of Irelay 5000, right back con 
tact of relay 4440, inner upper front contacts 
of relays 4400 to 4409, inner right contact of 
relay 444 to ground at the middle lower front 
contacts of all of the relays 4400 to 4409. Relay 
52 in operating locks over its right front con 
tact, armature 542 of relay 520, armature 5007 
of relay 5000 to ground. It also disconnects the 
multiple ground from the trunk relays and re 
leases relay 522. Those relays, such as relay 
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4400. which correspond to calling trunks remain 
locked, but the remaining relays release. 
The release of relay 522 closes a circuit from 

battery through the winding of relay 4440, arma 
ture 5008 of relay 5000, armature 53 of relay 
520, back contact of relay 522, armature 5 f32 
of relay 520, armature 5009 of relay 5000, outer 
lower front contact of relay 4400 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 53 
of relay 5f 20, left back contact of relay 522, ar 
mature 532 of relay 520, armature 5009 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 444 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 50 of relay 5000, armature 
534 of relay 520, back contact of hold magnet 

30 525, conductor 526, inner back contact of relay 
3509, conductor 3530, armature 533 of relay 520, 
armature 502 of relay 5000, to ground at the 
third left contact of relay 4440. Parallel holding 
circuits extend over the other hold magnets and 

:5 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 520 to normal so that other calling junc 
tors may be served. 

40 Relay 4440 also closes a locking circuit for the 
preferred trunk relay 4400 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 

4 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 

5?) start lead. 
Relay 4430 also closes an obvious circuit for 

relay 440 which opens the operating circuits of 
the trunk test relays. Relay 440 also opens the 
circuit of relay 444 which releases, but due to 
its slow to release characteristic, only after an 
interval. Relays 4430 and 440 in operating pre 
went the operation of any further group and 
trunk relays should additional calls be received. 

Operating select magnet of primary sender 
ft) Selector 

Relay 440 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 440, outer upper front 
contact of relay 4400, armature 500 of relay 
5000, winding of primary Select magnet 50 to 
battery. If relay 4409 had been the trunk relay 
operated, select magnet 519 would have been 
chosen. 

Test for idle Sender group and link 
In the meantime the control circuit has been 

75 testing for a sender group and sender. Since 

17 
this is a full mechanical incoming trunk, group 
relay 520 connects ground over its armature 
535 and armature 50 3 of relay 5000 to con 
ductor 504 and the winding of relay 4226. When 
trunks incoming from mechanical and manual 
offices are both served, a relay similar to relay 
4225 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 525, armature 536 of re 
lay 520, armature 505 of relay 5000, conductor 
506, inner right back contact of relay 422, 
right winding of relay 4202, left back contact 
of relay 4227, middle left front contact of relay 
4226, conductor 423, armature 360 of relay 
3600, right back contacts of relays 3502 and 3505, 
outer left back contact of relay 350 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 359 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. 
Busch, Serial No. 68,240, filed March 11, 1936. 
Relays 350 to 359 are individual to the ten 
Senders in one group and are operated when the 
corresponding sender is busy as will be described 
hereinafter. * . 

Circuits similar to the one traced for relay 
4202 are closed for relays 420 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 362 of relay 3600, outer 
right front contact of relay 4202, left; back con 
tact of relay 428, conductor 4232, inner right 
front contact of relay 4440, 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 36 
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 
363 of relay 3600, to the winding of relay 422 
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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opens the operating circuits of relays 428, 20 
and 422, causing relays 4200 and $2, for which 
no locking circuits have been provided, to release. 

Resere seader group test 
When relay 443 closes its back contact, a cir 

cuit is closed from ground at the left back con 
tact of relay 444, outer right front contact of 
relay 4440, conductor 4456, winding of relay 422 

10 to battery. If none of the relays 4200, 420 or 
4202 has operated by this time, relay 22 trans 
fers their circuits from the regular test over back 
contacts of the sender relays 350 to 359, to 
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 350 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 
4227 is operated. 

Selection of idle Sender 
With relays 4202 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 left contact of re 
lay 422, inner left back contacts of relays 200 
and 420, outer and middle left front contacts of 

35 relay 4202, armature 3614 of relay 3600, outer 
right contact of relay 3602, winding of relay 
3500 to battery. Relay 3500 connects the cir 
cuits of the selected group of senders to the con 
trol circuit. 

40 Relay 3500 connects ground to conductors 353, 
3532, 3533 and 3534. These conductors extend 
in multiple to the tensenders of the group but are 
ineffective until a sender has been seized. Con 
ductor 353 controls relays 309 which reverses the 

45 direction 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 300 

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 
selector - 

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

55 

3535 of relay 3500, conductor 3536, armature 
365 of relay 3600, to ground at the outer left 

60 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 through the windings of the ten sender selecting 
relays 3520 to 3529 to contacts of the Sender busy 
relays 350 to 359. 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 366 of relay 3600, 
conductor 367, armature 353 of relay 3500, in 
ner right contact of relay 3508, right back contact 
of relay 350, assuming this sender to be idle, 

75 winding of relay 3520, left normal contacts of re 
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lays 3528, 3529, etc. to battery. Relay 352 op 
erates and locks to battery at its inner left con 
tact and to ground over its Outer right contact 
and the inner contact of relay 3500. It connects 
ground over its middle right contact to the wind 
ing of relay 3502 to hold that relay operated. At 
its outer left contact it closes a circuit from 
ground over armature 3538 of relay 3500, conduc 
tor 3539 to the winding of the secondary select 
magnet 500 individual to the selected sender. 
At the Sane contact it connects ground to COn 
ductor 3542 and the Winding of relay 3, 6 to in 
form the Sender that it has been selected. Re 
lays 3524, 3529 etc., 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 354, armature 36 8 of 
relay 3600, to the winding of relay 4225 and 
battery. 
When relay 3500 operated, relay 427 was con 

- nected in paralle Over the four deft; back con 
tacts of relay 26, the four outermost arma 
tures of relay 3600, armatures 3563 to 3546 of re 
lay 3500 to conductors 354 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 427 operates, 
opening the circuit of relay 42 6 and blocking the 
progress of the call. 

Operating sender selector 
If relay 42 it does not operate, the operation of 

relay A225 closes a circuit over the back contact 
of relay 427 for relay 426 which disconnects 
relay 42 from conductors 354 to 3550. With 
relay 426 operated, a circuit is closed for hold 
magnets 524 and 525, belonging to the link 
Circuit Serving the calling trunk and Selected 
sender, over the back contact of relay 523, arma 
ture 537 of relay 5 20, arnature 507 of relay 
5000, conductor 508, middle right front contact 
of relay 4200, through the winding of relay 425 
shunted by the Outer right back contact of relay 
4220, inner right front contact of relay 426, 
to ground at the inner right back contact of 
relay 4224. Magnets 5124 and 525 operate, 
ClOsing the croSS-points prepared by select mag 
nets 500 and 50. When magnet 524 closes 
its CrOSS-point, the operating ground for the 
magnets is extended over armature 545 of the 
secondary selector, conductor 546, to the sender. 

T'est of Sender holding circuit 
When relay 3520 connected ground to conductor 

3542 the circuit extended through the right wind 
ing of relay 376, left back contact of relay 3700, 
inner right back contact of relay 3704 to bat 
tery through resistance lamp 3765. Relay 376 
operates, closing a holding circuit from battery 
through its left winding and inner right front 
contact to conductor 352. 
also extends from the right front contact of re 
lay 37 f6, over the left back contact of relay 374, 
to the winding of relay 2920 and battery. With 
relay 376 Operated, conductor 546 extends over 
middle right front contact of Irelay 376, con 
ductor 3550, armature 3546 of Irelay 3500, arma 
ture 369 of relay 3600, left front contact of relay 
426, winding of relay 4220 and battery. Relay 
4220 opens the shunt around the winding of relay 
425 and relay 425 operates, provided there is 
no false ground on the sleeve conductor of the 
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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 42 5, preventing its oper 
ation and blocking the call. 
Assuming relay 425 operated, it closes an ob 

vious circuit for relay 424 which locks under the 
control of relay 422. Relay 42 f4 connects 
ground over the outermost contact of relay 3600, 
armature 3543 of relay 3500, conductor 3547, mid 

10 dile left contact of relay 376, winding of relay 
3700 and battery. Relay 3700, at its third left 
contact connects ground to the winding of relay 
350, marking this sender busy to this and other 
link circuits. Relays 300 opens the operating 

l5 circuit of relay 376 but that relay holds through 
its left winding and over conductor 3542. 

5 

Frame registratiom 
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 described. Ground on conductor 3534 
operates relay 292 f over the seventh right contact 
of relay 2920 while ground on conductor 3533 op 

25 erates select magnet 29 fo 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 29 ?o 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 29 to over its in 
ner front contacts and the back contacts of relays 
30 14 and 302, in parallel, conductor 3728 to 
ground at the inner left contact of relay 3700. 

Relay 300 closes, a circuitfrom batterythrough 
resistance 303, winding and normal contact 
of relay 302, middle right front contact of relay 

40 3007, conductor 2923, to ground at the fourth 
right contact of relay 3700. Relay 302 prepares 
a circuit from battery through resistance 30 ft, 
winding of relay 300, left alternate contact of 
relay 302 to grounded conductor 2923 but relay 

45 300 cannot operate as long as relay 300 remains 
operated since it is shunted over its left back 
contact by the operating circuit of relay. 302. 
With relay 30f2 operated a circuit is closed from 
battery through the winding of relay 3714, inner 

50 right front contact of relay 302, to ground at 
the middle left front contact of relay 350. Re 
lay 374 locks to ground at the outer right front 
contact of relay 3700 and closes a holding circuit 
for relay 3700 over the right normal contact of 

55 relay 3707. Relay 374 also closes ground from 
its fourth left contact over the right normal con 
tact of relay 3707, innermost left contact of relay 
374, outer left contact of relay 376, conductor 
3549, armature 3545 of relay 3500, armature 3620 

60 of relay 3600, left back contact of relay 4224, 
outer right contact of relay 424, winding of re 
lease relay 4228 and battery. Relay 374 also 
extends this same ground over its Second left con 
tact and the back contacts of relays 377 and 

65 3718 in parallel to conductor. 546 to hold the 
hold magnets 524 and 525 operated. In addi 
tion relay 374 releases relay 2920. 

Release of control circuit 
0 Release relay 4228 locks under the control of 
relays 4223, 4227, 422, 42.6, 4440 and 444 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 4233, armature 509 of relay 5000, con 

19 
ductor 20, inner right back contact of relay 
4443, winding of relay 4446 and battery. Relay 
4446 locks 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 
520, select magnet 50, relay 4440, the group 
test relay 4420 and trunk test relay 4400, as well 
as relays 440 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 52 releases following the release of 
relay 520 if no calls are waiting in other groups. 
When calls are waiting in other groups, the cor 
responding group start relay 522 is operated, 
grounding conductor 54, which is common to 
all groups, and thereby holding relay 52 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 530 and secondary send 
er Selector 540 to the terminating sender Which 
is shown in Figs. 29, 30 and 37. 

Emergency operation of control 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 5 f4 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 4447 and battery. Relay 4447 
also locks to conductor 4458, lights lamp 4448, 
grounds conductor 446 leading to the trouble 
desk and operates relay 4443 over the left contact 
of key 4444. Relay 4443 opens the operating cir 
cuit.S. 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 4450, 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 445 and there 
fore remains operated until released manually 
by the operation of key 445. 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 4446 disconnects ground from conductor 
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20 
4458, releasing relays 4453, 446 and 443. 
When relay 43 releases, mate relay 4445 oper 
ates, locking independent of mate relay .4442, 
opening the circuits of mate relays 3600 and 500 

5 and closing circuits from battery through the 

30 

40 

5 5 

windings of relays 500 and 360, over the right 
front contacts of mate relay 4445, mate conduc 
tor 4454, to ground at mate relay 4228. Relays 
500 and 360 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 

5 frame. 
Timing for sender connection 

In the control circuit, relay 22 operates as 
Soon as the control circuit is associated with a 
group of senders, Relay 422 at its inner right 
contact connects interrupter 4222 to conductor 
4234, thereby grounding that conductor at half 
second intervals. Relays 420 and 2 function 
in the Well-known manner, relay 42 operating 
at the beginning of the first pulse and relay 20 
operating when ground is removed. Relay 42 
releases at the beginning of the second pulse and 
relay 420 at the end, the cycle repeating as long 
as the ground pulses continue. If the circuit has 
not released when relays 42 i? and 420 have op 
erated and relay 42 has released, a circuit is 
closed from battery through the Winding of relay 
4218, outer right back contact of relay 422, inner 
left; back contact of relay 4220, right front con 
tact of relay 42fO, left back contact of relay 42 , 
conductor 4235, armature 502 of relay 5000, con 
ductor 5022 to ground over the right contact of 
key 4444. Relay 428 locks under the control of 
release relay 4228. Relay 428 opens the circuit 
of relay 3602, releasing the selected group of 
senders. Relay 428 also closes a circuit from 
battery through the winding of relay 4223, left 
front contact of relay 428, left contact of relay 
4225, to ground at the right back contact of relay 
426. Relay 223 also locks to the back contact 
of relay 4228. In Selecting a Sender group, the 
preference lead coming into the control circuit 
over conductor 4232, normally extends over the 
back contact of relay 428 to the armature of 
relay 4202. With relays 428 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 420, 42, 428 and 4223 are permitted 
to function if, because of false grounds relay 42 
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 425 does not 
operate, when relay 42 falls back, the circuit 
traced to relay 428 extends over the left front 
contact of relay 4220 to the winding of relay 4224, 
which locks under the control of relay 422 f. Re 
lay 4224 closes a circuit from battery through 
the winding of relay 523, conductor 539, arma 
ture 362 f of relay 3690, inner right front contact 
of relay 4202, middle left front contact of relay 
4224, to ground at the left back contact of relay 
424. Relay 523 opens the circuits of hold mag 
nets 5123 and 524 opening the corresponding 
cross-points and disconnecting ground from relay 
4220 which releases. It also connects ground 
over its left contact, conductor 538, armature 
3622 of relay 3600, outer left back contact of relay 

5 4220, inner left front contact of relay 4224, to the 

2,039,921 
winding of relay 429 and battery. Reiay 429 
operates and locks under the control of relay 422 . 

Relay 429 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 376, to the right winding 
of relay 370 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 376, winding of relay 
390 to battery, holding that relay and relay 
34 operated and passing ground over the inner 
right front contact of relay 300, second left con 
tact of relay 34, back contact of relay 37 or 
378, middle right front contact of relay 36, 
conductor 3550 and thence as previously traced 
to the winding of relay 4220 and battery. Relay 
4220 closes a circuit for relay 428 over the outer 
left contact of relay 29, inner right and left 
Contacts of relay 4229 to the right front contact 
of relay 420 and thence to ground as described 
above when relays 420 and 42 í 1 reach the proper 
point in their cycle. Relay 428 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 prescribed length of time, 
the functioning of relays 420 and 42 i wil bring : 
about the operation of relay 4224 as described. 
If relays 4220, 425 and 424 have been oper 
ated, when relay 420 releases after operating 
relay 224 it closes ground over its back contact, 
Outer left front contact of relay 422, outer right 
front contact of relay 4224, right front contact 
of relay 424, winding of relay 4228 to battery. 
Relay 4228 functions in the usual manner to re 
lease the link control circuit. If relays 422, 
425 and 424 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 36 
and 292 and, when the link had checked the 
sleeve lead, relay 300 was operated. Relay 3700 
in turn operated the sender busy relay 350. 
Magnet 290 in operating to record the frame 
indication closed a circuit for relay 300 which 
in turn operated relay 302 and, with relay 350 
Operated, operated relay 374 which closed hold 
ing circuits for relay 3700 and hold magnets 
524 and 525 over the back contacts of relays 
37f7 and 378 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. • , 

Relay 374 in operating opens the circuit of 
relay 2920, and the link circuit in releasing re 
leases relay 3 f6. When relay 3700 has oper 
ated, relay 300 holds over its inner front con 
tacts and the back contacts of relays 394 and 
302, to ground on conductor 328 from the in 
ner left front contact of relay 300. When relay 
302 operates as previously described, a circuit is 
closed from battery through the Winding of the 
frame hold magnet 290, back contact of magnet 
2.996, right back contact of. relay 300, outer 
right front contact of relay 302, right winding 
of relay 304, conductor 320, to ground at the 
third left contact of relay 374. The left wind 
ing of relay 304 is connected in parallel with 
magnet 290 but relay 304 is differential to 
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this condition and does not operate. Magnet 
290 f does operate, locking over its inner contact 
and conductor 2923 to ground at the fourth right 
Contact of relay 3700. This locking ground 

5 shunts the right winding of relay 304 permit 
ting that relay to operate, opening one point in 
the locking circuit of relay 3007 and magnet 
290. 
As soon as the cross-point of the primary and 

10 secondary link switches 530 and 54 have been 
closed conductors 322 to 326 are connected 
through to conductors 5822 to 5826 respectively. 

- At this time battery through the winding of 
relay 305 is connected over the inner right back 

15 contact of relay 37 of, fifth left contact of relay 
3700, and conductors 3726 and 5826 to the in 
coming conductor 589 in parallel with battery 
through the upper winding of relay 5802. 
Ground through the winding of stepping relay 

20 3000 is connected over the left back contact of 
relay 370, fourth left contact of relay 3700 and 
conductors 3725 and 5825 to incoming conductor 
5820 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 contact of relay 302 and at the 
left back contact of relay 3706 and therefore re 
mains ineffective at present. Relay 305 is also 
shunted by battery through non-inductive re 

30 sistance 327 over the outer right back contact 
of relay 3796 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 3703, winding of relay 3704, 
to grounded conductor 2923. When relay 376 
releases a circuit is closed from ground at the 

40 right back contact. of relay 376, outer left and 
inner right front contacts of relay 3704, outer 
left front contact of relay 3700, conductors 3724 
and 5824 to battery through the winding of re 
lay 580. Relay 580 disconnects the windings 

45 of relay 5802 from the incoming trunk to im 
prove the operating conditions for relay 305. 

Signal to originating sender 
When relay 580 operates, relay 305 oper 

50 ates in series with the stepping relay in the Send 
er at the originating office and closes a circuit 
from battery through the winding of relay 3706, 
outer left front contact of relay 3007, outer left 
back contact of relay 302, middle right back 

55 contact of relay 37, to ground at the contact 
of relay 305. Relay 37 06 locks to the front 
contact of relay 305, closes an obvious circuit 
for relay 302 and disconnects battery through 
resistance 372 from in parallel with the wind 

60 ing of relay 305 whereby it aided in the operation 
of the stepping relay of the originating sender. 
Relay 302 locks to ground at the Outer right 
contact of relay 3907 and opens the holding cir 
cuit of relay 3007 which now releases. When 

65 relay 3097 releases it opens the shunt around 
the winding of relay 300 and that relay operates 
under the control of relay 302. With relays 
32 and 376 both operated the shunts are re 
moved from the winding of relay 3000 and that 

0 relay operates in series with relay 305 and the 
relays of the originating sender. 

It will be remembered that relay 30f9 was op 
crated over conductor 353 from the link circuit. 
This relay locks to ground at the outer right con 

5 tact of relay 3700 and reverses the connection 

of ground to the contacts of relay 300 for this 
call. Other link circuits do not, ground con 
ductor 353 and the relay remains normal, 
When relay 3000 operates it closes a circuit 

from ground over the outer right front contact 
of relay 309, front contact of relay 3000, left 
front contact of relay 39, left back contact of 
relay 308, winding of relay 30f S and battery. 
Relay 306 closes a locking circuit for itself from 
battery through its winding, left winding of re 
lay 308, back contact of relay 3017, front con 
tact of relay 306 to ground at the third right 
contact of relay 302. Relay 308 cannot oper 
ate being shunted by the operating circuit of re 
lay 306. With relay 308 unoperated, ground 
from the second right contact of relay 302 is 
connected over the back contact of relay 308 
to conductor 3022 but is ineffective until after 
relay 300 has operated. 

Transmission of revertive pulses 
Relay 3000 also operates relay 3008 through 

the network 3009 which makes relay 3008 slow 
to Operate to insure the operation of the step 
ping relay at the distant sender. Relay 3008 
in operating closes ground to the winding of re 
lay 305 in shunt of the relays at the originat 
ing sender and relay 3000. Relay 3000 thereupon 
releases, opening the circuit 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 308 operates transfer 
ring this ground to conductor 3023. It also pre 
pares a circuit from battery through the wind 
ing of relay 30, right winding and left front 
Contact of relay 308 to the front contact of re 
lay 3000. When relay 3000 reoperates this cir 
cuit is closed, holding relay 308 and operating 
relay 307. The operation of relay 307 opens the 
locking circuit of relay 306 and that relay re 
leases. Therefore, when relay 3000 releases the 
Second time relays 307 and 308 both release and 
ground is transferred back to conductor 3022. 

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 

petes 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 300 
and battery. Relay 300 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 302 or the 
outer left front contact of relay 3706, or over 
the normal contact of relay 300 and conductor 
320 to ground at the third left contact of re 
lay 374. 
The Second pulse during which conductor 3022 

is grounded, closes a circuit over the inner left 
front contact of relay 300, 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 300. 
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At the third pulse, ground on conductor 3023 

completes a circuit over the left back contact of 
relay 3004, outer left front contact of relay 3002 
to the winding of relay 3003 and battery. Relay 

5 3003 locks over its alternate contact and the 
normal contacts of relays 3004 and 3065 to 
grounded conductor 3024 and opens the holding 
circuit of relay 3002. 
The second grounding of conductor 3022 diur 

10 ing the fourth pulse closes a circuit over the left 
front contact of relay 3003 to the winding of re 
lay 3004 and battery. Relay 3004 locks over the 
normal contact of relay 3005 and releases relay 
3003. . 

i5 The fifth pulse which grounds conductor 3023 
for the third time causes the operation of relay 
3005 over the left back contact of relay 3006 and 
the outer left front contact of relay 3004. Relay 
3005 locks oyer the back contact of relay 300 

20 and its own alterate contact to conductor 302 
and releases relay 3004. 
A sixth pulse extends a circuit from battery 

through the left winding of relay 3006, outer left 
front contact of relay 3005 to ground over con 

25 ductor 3022. Relay 3006 locks through its right 
winding directly to conductor 3024. 
The next four pulses operate relays 300 to 

3004 in the manner described, relays 3005, 300, 
3002 and 3003 releasing in turn SO that for pulses 

30 6, 7, 8, 9 and fo, relay 3006 is operated in com 
bination with relays 3005, 300, 3002, 3003 and 
3004 respectively. Relays 300 to 3005 when op 
erated alone prepare circuits for the register 
select magnets 290 to 29 f4 respectively and when 

5 operated in conjunction with relay 3006 prepare 
circuits for select magnets 296 to 299 and 295, 
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 outer left front contact 
of relay 3004, left front contact of relay 3006, 
winding of relay 3020 and battery 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 305 also releases, 
in turn releasing relay 3706 which is slow to re 

50 lease, and, after an interval restores the funda 
mental circuit to its former condition, and opens 
the operating circuit for relay 302. 

Operating recorder switch 
55 Assume by way of example, that the called line 

number dialed by the calling subscriber was 92.99 
and that the originating sender was set there 
by to select the No. 4 incoming primary group. 
Therefore five revertive pulses are necessary to 

60 open the fundamental circuit and when relays 
305, 302 and 306 release, recording relay 3005 
is Operated alone. 
circuit is closed from ground at the right back 
contact of relay 3020, left normal contact of 

c5 relay 300, right back contact of relay 3006, fifth 
left contact of relay 302, outer right front con 
tact of relay 3005, winding of select magnet 294 
to battery. Magnet 29 f4 extends its operating 
ground to the winding of relay 3007, which locks 

70 over the back contacts of relays 30 f4 and 302 
to conductor 328 as previously described. . 
With relay 3007 operated, the last locking 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 302 released, a 
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contact of relay 3007, left front contact of relay 
30 fo, to resistance 303 and battery in shunt, of 
the winding of relay 30 f2. Relay 302 releases, 
but relay 30 fo is held operated from this same 
ground over the normal contact of relay 30f2. 
With relay 302 released and relay 3007 operated, 
a circuit is closed from battery through the wind 
ing of holdi magnet 2906, over the back contact 
of magnet 2904, outer front contact of magnet 
290, right front contact of relay 300, right back 
contact of relay 30 f2., right winding of relay 304, 
to grounded conductor 320. This magnet closes 
cross-point 2932 in the sender register switch 
2900. As in the case of magnet 29Of when mag 
net 2906 locks over its inner front contact, to 
ground at the second left contact of relay 300, it 
permits relay 304 to operate, and when relay 
302 is operated at the reclosure of the funda 
Inental circuit the holding circuit of relay 300 
and Select magnet 294 is opened and they re 
lease. At this time the holding circuit of relay 
390 is opened and that relay also releases, 

Overlapping registration 

It may be noted that, if the fundamental cir 
cuit is reclosed very quickly in the originating 
sender, reoperating relays 305 and 3000, relays 
302 and 306 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 f4 is 
checking the locking circuit. Relay 300T cannot 
release until relay 304 operates, and closes a 
locking ground for relay 302 to hold that relay 
Operated to prevent the reception of a third set of 
pulses until the first set has been locked in by the 
hold magnet and the second set recorded on the 
select magnet. Relays 302 and 3706 are made 
slow to release to insure that the recording relays 
300 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 2905, 2904, 2903 
and 2902. The circuits for the hold magnets are 
prepared by the prior operated magnets and 
relays 300 and 302 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 2902 oper 

ates, a circuit is closed from ground at the outer 
left contact of relay 37 f4, conductor 3729, inner 
front contact of magnet 2903, outer front contact 
of magnet 2902, conductor 2924, winding of relay 
3TC and battery. Relay 370 ?i reverses the con 
nection of the tip and ring conductors to battery 
and ground, that is, tip conductor 589 which 
formerly extended over conductor 3726, fifth left 
contact of relay 3700 and inner right back con 
tact of relay 370 to the winding of relay 305, 
now extends over the right front contact of relay 
30 to ground at the middle left contact of relay 
394. 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 370 to ground through the winding of relay 
3000, now extends over the outer left front con 
tact of relay 370, inner left contact of relay 3704, 
middle right back contact of relay 306 to bat 
tery through the winding of relay 305. 
This reverse battery signal indicates to the 

originating sender the completion of selections 
and the closure at that sender operates relay 
30 5. Relays 3706 and 302 are not operated at 
this time since the circuit of relay 306 is opened 
at the contact of relay 370. Relay 305 closes a 
circuit from battery through the winding of relay 
3702, inner left front contact of relay 370, inner 
right back contact of relay 3706, to ground at the 
contact of relay 305. Relay 3702 locks to 
grounded, conductor 2923 and extends its locking 
ground to resistance 303 and battery in shunt of 
the winding of relay 3704 which now releases. 
When relay 3704 releases, it disconnects battery 
through relay 305 and ground from the funda 
mental circuit. Relay 3702 is slow to Operate and 
relay 3704 slow to release to supply the reverse 
closure for a measured length of time during 
which the originating sender has sufficient time 
to function. 

When relay 3704 releases, it disconnects ground 
from the circuit of relay 580 and extends it to 
battery through resistance lamp 3705. A circuit 
is also closed from batterythrough the winding of 
relay 5805, conductors 5822 and 3722, outer right 
back contact of relay 3704, upper winding of relay 
373, back contact of relay 3709 to grounded con 
ductor 3719. Battery through the lower wind 
ing of relay 373 is connected in parallel with 
relay 5805. This arrangement provides an oper 
ating condition for relay 5805 but a non-operating 
condition for relay 373. 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 
ground for relay 5805. This ground shunts the 
upper winding of relay 373 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. 

Relay 373 closes at its left contact an obvious 
circuit for relay 3709 which locks to ground on 
conductor 379. Relay 3709 disconnects ground 
from the upper winding of relay 373 and con 
nects battery over the left normal contact of 

5 relay 3707, middle left contact of relay 3709 to 
conductor 330 and over the Outer left back con 
tact of relay 372, left back contact of relay 3020, 
left normal contact of relay 378 to conductor 
373. Conductor 373 extends to the windings of 
relays 560 and 5603 and ground. 

Connection of sender with marker 
Fig. 56 shows in very schematic form the 

This connector is essentially 
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 
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 
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 560 f operates from bat 
tery on the start lead 373, it closes a circuit from 
battery on conductor 3730 through the winding 
of relay 5600, Outer left contact of relay 560, back 
contact of relay 5673 to ground. Relay 5600 
locks over its own contact to ground over the 
middle left contact of relay 560 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 registers 4900, 49 0, 4920, 4800 and 480 of 
the marker. In addition, a lead to relays 292 
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 293 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 293; 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 2954, 
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 295 
are extended over contacts 56 f O and 562 to 56 
of relay 5600 to conductors 5650 and 5652 to 5657, 
respectively, operating thereover register relays 
493 and 494 of thousands register 490, relay 
A922 of hundreds register 4920, relays 4804 and 
4803 of the tens register 4800 and relays 483 and 
484 of units register 480. None of the relays of 
frame register 4900 are operated by direct ground 
from the frame vertical of the sender registernor 
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 568 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 
point 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 486 f, armature 562 of relay 5600, 
Conductor 566f 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 
56.60 extends over the front contact of relay 292 
and the back contact of relay 2922 to conductor 
2925, armature 569 of relay 5600, conductor 5659 
to the winding of relay 4905 and battery. A 
branch of conductor 566 extends back over ar 
mature 5623 of relay 5500, conductor 5664 to the 
winding of relay 4827 and battery. A branch of 
conductor 5660 eatends through contacts in the 
marker connector circuit, over armature 5624 
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24 
of relay 5600, back contact of relay 56, conduc 
tor 5665 to the winding of relay 400 and battery. 
At each of the closed cross-points, those regis 

tering conductors not grounded directly are 
grounded from conductors 5660, 566 and 5662 
so that relays 490 to 4904, 49 to 49 4, 492 to 
4924, 480 to 4804, and 48 to 484 are operated 
together with relays 400, 4905 and 4827 pro 
vided the registering circuits between the Sender 
and marker are complete. Relays 4823, 4822 and 
482 are connected to conductors 4862, 4860 and 
486, 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 4825, inner right front contacts of relays 
490 and 4902, inner left front contacts of relays 
4903 and 4904, outer left front contact of relay 
4905, inner left front contacts of relays 494, 493, 
492, 49, 492, 4922 and 4923, second left con 
tact of relay 4924, inner right front contacts of 
relays 4804, 4803, 4802, 480f, 48 fl, 482, 483, 
484, 482, 4822, 4823 and 4827, middle upper 
front contact of relay 400, 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 also 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, 486 and 4862, thereby 
releasing those register relays Operated thereover 
as well as relays 482, 4822, 4823, 4827 and 400. 
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 482, to the contacts of 
the thousands register 49 ft). Ground is supplied 
to the contacts of the hundreds register 4920 
over conductor 4925, normal contacts of relays 
3904, 3903, 3902 and 390, conductor 393, back 
contact of relay 4822, outer left front contact 
of relay 4824 and grounded conductor 5658. 
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 

2,089,921. 
groups of Switches or leyels 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 groupS\of 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 
620 and 6244. These relays with their asso 
ciated cross-connecting racks form what is 
known as a "translator'. Since thousands regis 
ter relays 493 and 494 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 49.2 and 49, 
right front contact of relay 494, outer right 
front contact of relay 493, fifth right back con 
tact of relay 4924 to conductor 4930 whichis 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 390, 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, right back con 
tact of relay 492, conductor 493 f 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 480, 
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 
524 would have been operated. This ground also 
extends over the right front contact of relay 
4804, left front contact of relay 4893, to the wind 
ing of relay 6244 and battery. The joint opera 
tion of relays 6244, 63.05 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 62.08, a second from ground over the inner 
right contact of relay 60f2, conductor 605, inner 
left contact of relay 6244 to conductor 6209 and 
a third from ground through the winding of 
relay 604, middle left back contact of relay 6012, 
conductor 606, outer left contact of relay 6244 
to conductor 620. 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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63f, 630 and $309, respectively. Conductors 
6309, 630 and 63 are connected in multiple to 
armatures of the twenty "five-hundreds' relays 
6304, etc." Since relay 6304 is operated, these 
conductors are extended to cross-connecting 
racks 6303, 6307 and 6308, respectively, thereby 
connecting battery to cross-connecting point 
634, ground through relay 604 to point 632 
and direct ground to point 633. . 
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. 

Connection. Dith 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 
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 634 is cross-con 

nected to terminal 635 and thereover to the 
start conductor 636 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 
necting relay. When relay 3805 releases, relay 
380 may operate its connecting relay and when 
it releases relay 3809 may, in turn, connect the 
marker to the choice. With relay 3809 operated, 
neither relay 3805 nor relay 3807 can reoperate. 
Relay 3805 locks over its inner left front contact 
to ground at the third left back contact of relay 
3800. It also opens the circuit of relay 39. It 
connects ground from the fourth left back con 
tact of relay 3800 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 

batterythrough resistance 3803, right back con 
tact of relay 3802, right front contact of relay 
3805 to conductor 38 f. ) 

Connection with incoming junctor 
Relay 3200, in operating, connects ground over 

armature 320 to conductor 32 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 38 over its outer right 
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 490, left back contact of relay 4903, third 
right back contact of relay 4905, conductor 4932, 

25 
inner left back contact of relay 5782, winding of 
relay 529, normal contacts of relays 5750 and 
560 to ground. 
The incoming ink and connector circuit of Fig. 

57 represents the No. 0 connector having access 
to the No. 0 frame to which the incoming junctor 
of Fig. 58 is connected. Relays 5720, 5750 and 
57.60 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 a time. Relay 5720 releases relays 
57.30 and 573 and closes a circuit from battery 
through the winding of relay 5722, lower front 
contact of relay 5720 to ground at the right back 
contact of relay 5732. 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 
574, winding of relay 4834 and battery to tell the 
marker that it has been connected with the call 
ing frame. 

Operating hundred-block relay 

O 

5 

20 

25 
When relay 3200 of the line choice connector 

has operated, it completes a circuit from ground 
through the winding of relay 604 which is con 
nected as previously described to terminal 632 
of cross-connecting rack 6303 and, assuming a 
cross-connection to terminal 63II, over conduc 
tor 323, armature 322 of relay 3200 to the wind 
ing of hundred-block relay 304 and battery. 
One relay, such as relay 304 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 
304 represents the group of terminals within 
which the called line is located and prepares the 
circuits for five twenty-block relays. Relay 604 
which is connected in series with relay 304 is 
marginal and operates only if, because of trouble, 
more than one hundred-block relay would be operated. 
- The connection of ground to terminal 633 in 

Cross-connecting rack 6307 serves to operate one 
of the relays 5300, 5302, 5304, 5306 or 538. As 
suming that terminal 63 f3 is connected to ter 
minal 639, a circuit is closed over conductor 
s320 to the lower winding of relay 538 and bat 
tery. Relay 5308 extends its operating ground 
Over its inner lower front contact, conductor 

to battery through the left winding of relay 
ing and right contact, conductor 632, outer right 
back contact of relay 602, conductor 60 to 
ground at the inner left contact of relay 4835 as 
Soon as that relay operated. 

Operating talenty-block relay 
With relay 6302 operated, the circuits of the 

five twenty-block relays prepared by relay 34 
are extended over the left armatures of relay 
6302 to the outer lower armatures of relays see, 
5302, 5304, 5306 and 5308. Since relay 53 

Relay 6302 locks through its right wind 
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is operated, a circuit - is closed from ground . 
through the winding of relay 58ff, outer lower 
back contact of relay 5309, outer lower front 
contact of relay 5308, conductor 6322, inner left 
contact of relay 6302, conductor 325, armature 
324 of relay 3200, outer left front contact of 
hundred-block relay 304 to the winding of 
twenty-block relay 308 and battery. Relay 
53 f is marginal, operating only if, due to some 

70 

75 
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fault, the circuit is extended to more than one 
twenty-block relay. Relay 308, in operating 
connects ground over its next to outermost left 
contact, conductor 336, armature 3266 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 4536 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 32 and over 
armature 326 of relay 3200 and conductor 32 
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 38 

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 3 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 3 fo5 where they are cross-connected 
to the windings of relays like relays 30. 

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 30, in the 
main drawing. A further description will be 
found in the application of O. Myers, Serial No. 
68.258 filed March 11, 1936. 

40 The subscribers' lines come into the office and 
are terminated on racks, such as racks 323, 33 
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 

as 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 line to a different position without 
correspondingly transferring the number. 

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 f250, 25, 
1252,2250 and T250 which, in the usual telephone 

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

so 304 and 305. The registration would result in 
the marking of three 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 30, are, in 
effect, wired to a cross-connecting rack, such as 

70 rack 307. For each hundred lines in a choice, 
a hundred-block relay, such as relay 33, 32 or 
3, is provided and is connected over contacts 
of the marker connector relays 308, 309 and 30 
to rack 307. For each group of twenty lines 

75 which are consecutively numbered, if numbered 

5 

2,089,921. 
at all, a twenty-block relay, such as relay 6, 
35 or 34, is provided and these are also con 
nected over contacts 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 O 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 37, 38 and 39 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, 32, 320 to racks 300, 333, 
etc. 

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 30 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 30. 
They also appear in the same hundred-block, 
operating relay 3 ff. Lines No. 1250 to No. 1252 
naturally appear in the same twenty-block re 
lay 36, line No. 2250 in relay 35 and line No. 
7250 in relay 34. 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 30 for each 

of the forty horizontal levels in a choice, each 
relay having three windings. The terminals at 
rack 3 05 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 30 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 590 to 593 and 
the middle Windings temporarily to ground. The 
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2S 
cross-connected to the proper sleeve conductor 
and to terminal 330, respectively. Eighteen of 
the remaining nineteen trunks would have their 
sleeve conductors similarly cross-connected and 
their contacts in rack 305 connected to the mid 
dle winding of the relay, like relay 30, which 
indicates their position in the switch structure. 
The last trunk will have its terminal in rack 
305 cross-connected to the right winding of the 

10 proper relay such as relay 30. As soon as 
relay 308 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 

5 relay 3200, conductor 3225, armature 33 of 
relay 308, contacts 329 and 330 at rack 305, 
middle winding of relay 30 f, armature 3226 of 
relay 3200, conductor 3227, inner left front con 
tact of relay 5933 to ground. Relay 5220 oper 

20 ates in this circuit. Similar circuits are closed 

5 

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 520 will not be oper 
ated. Therefore when relay 4534 closes its left 

30 contact establishing a circuit from ground to 
conductor 609, as previously traced, over the 
right back contacts of units register relays 483, 
484, 482 and 48, left back contact of relay 
483, conductor 4867, inner right contact of relay 

35 524 (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 
lays, front contacts of relays 5209, and 5229, 
back contact of relay 520 to the winding of 
relay 450 to mark the first idle trunk. Relay 
450 opens the circuits of relays 5933, 52.40 and 
5243 as previously described and connects ground 
to the middle winding of relay 30 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 

50 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 529 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 530 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 630 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 

75 extend over the front contacts of relays 5200 to 

2,089,921 
5239 in the manner previously traced, 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 circuit is closed from battery through 
the winding of relay 530, uppermost front con 
tact of relay 5300, upper back contacts of relays 
5302, 5304, 5306, and 5308, conductor 5315, right 
front contact of relay 4530, conductors 545 and 
4864 to ground at the outer left contact of relay 
4835. Relay 530 locks over its upper front con 
tact, conductor 632, outer right back contact of 
relay 602, conductor 60 to ground at the inner 
left contact of relay 4835. It also extends its locking ground to the winding of relay 53 fo 
which also operates, transferring the circuit con 
trolled by relay 45341 from 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 530 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 530 l 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 530, 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 
5308 are operated in the manner described for 
relays 530 and 5302 until all of the lines of the 
group have been tested. For the last line, the 
cross-connections at rack 305 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. 
When such an arrangement is to be made, the 

terminal such as 632 belonging to the twenty 
block is connected to terminal 6323 at rack 6303, 
operating relay 6300. Also, the corresponding 
terminal at rack 630 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 632. With relay 6300 operated, the cir 
cuits for the twenty-block relays are closed over 
the right contacts of relays 6300 and rack 630 
instead of over contacts of relay 6302 and by the 
use of rack 630 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 consecutive numbers between 

5 the twenty-blocks. . . . ? 
Terminal hunting groups in more than one choice 

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 4545, right 
back contact of relay 4530, conductor 4546, lower 
front contact of relay 5309, conductor 536 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 3902 and 
390 f, conductor 393, 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 6303, 6307 and 6308, 
releasing relay 6300. The release of relay 6305 
releases the marker preference relay 3805 in the 

80 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 
nector and releases relay 4834. The release of 
relay 4835 releases such locked up relays as re 
lays 5300 to 530. 
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 3900 and battery. Relay 
3900 connects battery through resistance 6207, 
conductor 62 ft, middle left contact of relay 3900, 

i outer right front contact of relay 3903 to con 
45 ductor 394, 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 396 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 39 5 to 
operate the desired hundred-block relay and at 

55 its outer left contact, it transfers the circuit con 
trolled by relay 4534 from the relay of group 4500 
to 459 determined by the units register or by 
relay 530 to the one corresponding 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 30 

65 

29 
has been an individual line and is now to be ex 
panded to a private branch exchange group of: 
two lines, retaining the same number, the cor 
responding sleeve contact will be cross-contected 
at rack to terminal 335 and the number 5 
control terminal will be cross-connected at rack 
305 to terminal 333. 
When the number has been registered and 

translated, the line choice selected and hundred 
block relay 304 and twenty-block relay 30 10 
Operated, battery through the winding of relay 
5200 Will be connected over the innermosí com 
tact of relay 30, terminals 334 and 335 at 
rack 3, 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 
30, over terminals 332 and 333 on rack 305, 20 
through the right-winding of relay 303 to bat 
tery, neither relay 5220 nor relay 303 operating. 
The operation of relay 3 f to operates relay 4535 
which causes relay 4534 to close its right contact 
after an interval, at which time relay 4500 op- 25 
erates. With relay 4500 operated, the sleeve con 
???ct of twenty-block relay 30 is transferred 
from the winding of relay 5200, over the right 
front contact of relay 4500, conductor 48, 
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 600 and 60?, 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 5220. This ground oper 
ates relay 303 which extends the ground over its 
Second left contact, armature 3240 of relay 3200, 
conductor 324, winding of relay 60, and 40 
ground. Relay 60 locks itself and relay 303 
to ground over conductor 60 T. Relay 60 at 
its right front contact disconnects relay 4532 
from the sleeve contact of relay 30 and substi 
tutes ground from the inner left back contact 45 
of relay 602. Relay 6000 now operates, lock 
ing to ground on conductor 60 7. Relay 6000 
at its following contact closes a circuit for relay 
602 which then opens the operating circuit of 
relay 6000. Relay 60f2 in operating, discon- 50 
nects the direct ground and ground through re 
lay 604 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 602 also opens the circuit of re 
lay 4500. The release of relay 30 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 602, winding of relay 603 and bat 
tery. Relay 603 locks under the control of re 
lay 6000. Relay 603 connects ground to con 
ductors 6025 and 602. Conductor 602 extends 65 
Over the outer left contact of relay 303 to the 
winding of a hundred-block relay, while conduc 
tor 6025 extends over the third left contact of 
relay 303 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 60 substituted ground for relay 4532 in 
the connection to the sleeve contact of the twen 
ty-block relay; relay 602 disconnected this 
ground and relay 603 now reconnects relay 4532 & 75 



3O 
to that contact. The purpose of relay 4532 will 
be discussed later. Relay 603 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 
60, outer left contact of relay 6000, conductor 
6022, right back contact of relay 4526, to the 
armature of relay 5200. 

Relays 6000, 6002, 6004, 6006, and 6008 are 
connected to terminals in rack 3, and in com 
bination with relays 600 and 60? which are 
operated in accordance with the cross-connec 
tions at rack 305 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 303, and five added twenty 
block relays be provided, thereby permitting a 

O 

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 4527, 
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 65, outer 
right back contact of relay 603, first left back 

50 contact of relay 602, right winding of relay 60 
and battery. Relays 5920 and 60 operate in 
this circuit, relay 60 locking over the inner 
left back contact of relay 602, inner left front 
contact of relay 60 and middle left back con 

55 tact of relay 65 to conductor 3244, independent 

35 

of relay 603 and also opening the operating cir 
cuit of relay 603 to prevent interference by any 
call originated in this frame. Relay 60 also 
closes a circuit from ground at the inner left 

60 back contact of relay 603, outer left contact of 
relay 60?, conductor 626, left winding of relay 
300 and battery, operating relay 300. 

It may, be noted that while this marker is com 
pleting a call in the selected frame, originating , 

65 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 300 and 3 to 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 
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When the wanted line is found idle or an idle 

?? 

to the winding of relay 208 and battery. Relay 
contacts of relays 30 and 300, conductor 206 

208 connects the primary and secondary select 
magnets of the line link group serving line. 200 
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 a particular 
frame and relay 30 in a particular level on the 
frame, thereby identifying the group of line junc 
tors over which the incoming junctor 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 600 and battery. 

Selection of line links and incoming links 

10 

Relays 6100 to 603 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 600 to 603 operate one of 

the relays 6200 and 620 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 

3. 

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 600 operated, even relay 620 and 

left relay 6202 are operated. Relay 620 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 404 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 43 and battery. With relay 43 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 43, conductor 5666, armature 5626 of relay 
5600, conductor 3723, through the sender link to 
conductor 5823, winding of relay 588 and battery. 
Relay 588 operates, connecting ground to con 
ductor. 5827 to operate link cut-in relay. 5735. 
There are ten Such relays in the incoming con 
nector, each being associated with ten incoming 
junctors which connect to one primary incoming 

40 
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switch. Each relay has ten contacts for the pur 
pose of operating ten select magnets on the ten 
secondaryincomingswitches. Thelevel of the se 
lect magnet on any particular secondary incon 

* 5 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 53 over armature 542 of relay 585 
through the winding of Secondary Select magnet 
572 to battery. Nine similar circuits are closed 
for the other nine secondary Switches, 

Operating select magnet of primary incoming 
Selector 

Relay 588 also connects ground to conductor 
5845 to operate primary select magnet 502 in 
dividual to the incoming junctor in the primary 

20 incoming switch. It also connects relays 58, 
583 and 58f 5 to conductor 5828, 5829 and 5830, 
respectively, to receive ringing information from 
the marker. 

Operating select magnets of secondary line 
Spitches 

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. 208. For example second 
ary select magnet 2, is operated over arma 
ture. 22 of relay 208 and the upper normal Con 
tact of jack 60. 

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 

5 

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 a 

50 left group and a right group, each group cor 
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 320, in the line choice con 
nector. This relay, therefore, corresponds to a 

60 vertical row of hold magnets On One incoming 
m 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 
Figs. 4 to 11 reveais 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 cilannel in the 
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following description. In cases where there are 
less than ten line choices, 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 340 to 34 is and 3420 to 429, 
respectively. The test circuit for the line link 
shown in Fig. 12 may be traced from the sleeve 
conductor of that link over armature 223 of 
relay 208, conductor 224, contact of jack 60, 
conductor 623, armature 3247 of relay a 200, 
conductor 328, innermost contact of relay 600, 
conductor 604, outermost left back contact of 
relay 540, conductor 546, inner lover back con 
tact of relay 3409, winding of relay 3429 to bat 
tery. Nine similar circuits, testing the other 
nine line links serving the wanted line are ex 
tended to the windings of relays 3420 to 3424, 
25 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, 
arnature 5744 of relay 5735, ring contact of jack 
53, armature 5745 of relay 5722, conductor 
56, armature 625 of relay 6202, conductor 
626, outer upper back contact of relay 3409, low 
er Winding of relay 349 and battery. In this 
case, the remaining nine links, as determined by 
relay 6202, are tested by the lower windings of 
relays 340, 344, 345, etc., and where a link is 
marked busy by a grounded sleeve the corre 
Sponding relay operates. 

Selection of line junctors for test 
The Selection of a group of line junctors for 

test depends on a number of conditions. 
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 
nary 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 
simply by a relay, such as relay 320?, 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 
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of relays 640 to 6403 and 6405 to 64, the mark 
er Will test a different Set of ten junctors On Suc 
cessive calls or, if the first test finds all the junc 
tors busy, on successive tests. In the case of 
two incoming frames, each frame will have fifty 
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 
present 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 
junctors primarily available and is operated from 
the first junctor group relay. The other group 
relays operate a particular pattern relay accord 

49 ing to the number of the test, the frame calling 
and in some cases the line choice called. If the 
spare junctors are 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 
lure, 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 5600, con 
ductor 5669, over back contacts of relays 554, 
552, 5505, 550 and 556 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 64.92 and closing a 
circuit over its outer left front contact, conduc 
tor 5526, upper back contact of relay 404, con 

75 ductor 44, left back contact of relay 6406, left 

5 
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front contact of relay 6402, winding of relay 640? 
and battery. Relay 640 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 640 to the winding of relay 6400 
and battery. Relay 6400 closes through ten con 
ductors by which the seizingincoming frame may 
operate a line junctor group relay. It also con 
nects ground to conductor 6408 and the winding 
of the normal pattern relay 3300 which connects 
the ten line junctors to be first tested to the ten 
test relays 340 to 34f 9. 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 4875, right 
front contact of relay 640, winding of relay 6403 
and battery. Relay 6403 locks over its right con 
tact, conductor 64ff to ground at the middle 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 640 and 
6402 remain locked until the next test is made 
whether on the same or a succeeding call. 
When the incoming connector relay 57 22 oper 

ates, it connects ground over armatures 5747 and 
548 to conductors 5749 and 5750. Conductor 
549 extends to terminal 627 at cross-connect 
ing rack 628, where it is cross-connected to ter 
minal 622 at rack 6222 whence the circuit ex 
tends Over Conductor 6223, front contact of re 
lay 6400, conductor 6409, terminal 6224 at rack 
6225 cross-connected to terminal 6220 at rack 
629, upper contact of the inner set of armatures 
on relay 6202, conductor 6226, armature 3253 of 
relay 3200, terminals 325 and 3252 at rack 3202, 
winding of line junctor relay 320 and battery. 
Relay 320 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 40 which supplies the upper windings of 
relays 340 to 349 with battery. With relay 320 
operated, the test circuit for line junctor 232 
may be traced from the sleeve conductor 233, 
over conductor 238, armature 3254 of relay 320, 
armature 3200 of relay 3255, conductor 3256, 
armature 330 of normal junctor pattern relay 
3300, conductor 3302, middle upper back contact 
of relay 3409, upper winding of relay 349, con 
ductor 3433, front contact of relay 40 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 340 to 349. Relays 340 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 320 operated, a circuit was closed 
from ground at the Second lower front contact 
6f relay 588 in the incoming trunk circuit, con 
ductor 5827, armature 575 of relay 5735, arma 
ture 5752 of relay 5722, conductor 5753, left front 
contact of relay 5920, conductor 5936, armature 
3237 of relay 3200, conductor 3238, armature f 239 
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of relay 208 in the line link control circuit of 
the chosen frame, as indicated by the operation 
of relay 5920, conductor 237, upper contact of 
relay. 320, armature 3235 of relay 3200, conduc 

5 tor 3239, winding of relay 404 and battery. Re 
. lay 404 in operating indicates that the incoming 

trunk and connector are connected with the 
marker, that the proper 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 406 is a 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 407 to ground at the middle right contact 
of relay 4833 and the lower winding to ground at 
the lower back contact of relay 404 and through 
condenser 405 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 404 released, condenser 405 
is shunted and the current in the lower winding 

25 of relay 406 overcomes that in the upper wind 
ing. When relay 404 operates, it opens the cir 
cuit of the lower winding, but condenser 4f05 
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 4876 it closed a circuit extending over 
the normal contacts of relays 3409 to 3400, 
through the winding of relay 403 and battery. 

35 Therefore, when relay 406 closes its contact it 
prepares a channel selecting circuit which ex 
tends from grounded conductor 4876, back Con 
tact of relay 402, upper front contact of relay 
4f O3, front contact of relay 406, outer right back 

40 contact of relay 4793, inner upper back contact 
of relay 400, to the upper armature of relay 3420. 
If relay 342O 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 overthe back con 
tact of relay 3420 to the armature of relay 340. 
If relay 340 is operated, the circuit extends to 
the armature of the same relay as from the front 
contact of relay 3420. If relay 340 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 400, over 
the armatures of relays 3425 to 3429, middle 
lower back contact of relay 400, 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 64. 
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 320 in the 
line choice connector. The release of relay 320 

75 in turn releases relay 404 which reestablishes the 

When relay 4835, grounded 

33 
shunt around condenser 405 and causes relay 
406 to open the selecting circuit. With relay 
404 released, ground from the front contact of 
relay 5524 is again connected to conductor 44 
and relay 6405 operates over the front contact 
of relay 6406. Relay 6405 extends ground from 
conductor 64 f to the winding of relay 64O4. 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 548 of relay 5722, conductor 5750, 
contact of second choice relay 6404, conductor 
640, contact 622 at rack 6228, contact 6229 at 
rack 6206, contact of relay 6204, contact 237 at 
rack 623?, contact 6232 at rack 6233, conductor 
6234, contacts 3303 and 3305 at rack 33O4, 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 574 of relay 
57 22, conductor 5749, contact 627 at rack 628, 
contact 622 atrack 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 623, contact 
6238 at. rack 629, contact of relay 6202 and 
thence to the winding of a new line junctor relay 
in a circuit similar to that traced for relay 320 f. 
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 643, to the 
Winding of overflow relay 3909 and battery. The 
function of relay 3909 will be described herein 
after. 

ASSunning that the tenth channel is available 
on the first test, neither relay 3429 nor relay 349 
Will be operated and the channel selecting cir 
cuit will extend to the winding of relay 3409 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 403 which in turn opens the operating 
circuit of relay 3409. 
Operating select magnet of primary line switch 
At its lower front contact, relay 3409 closes a 

circuit from ground to conductor 3437, armature 
608 of relay 600, conductor 609, armature 3264 
of relay 3200, conductors 3265 and 2809, arma 
ture 228 of relay 208, Winding of primary se 
lect magnet 226 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 4 through the lower winding of marginal 
relay 408 to ground. If the hold magnet 570 
is Satisfactorily connected as indicated by the 
presence of battery, and if no double connection 
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34 
or cross-connection to ground exists indicated by 
the absence of ground, relay 408 operates, lock 
ing over its upper front contact to grounded COn 
ductor 4876. Magnet 570 i may or may not oper 

5 ate at this time. 

Testing line link and operating hold magnet of 
Secondary line Suitch. 

At the same time the line link is being tested. 
10 This circuit extends as previously traced to the 

middle lower arimature of relay 3409 and, with 
that relay operated, over its front contact, upper 
back contact of relay 40 to the lower winding 
of relay 409 and ground. If this link is also 

l5 satisfactory, relay 409 also operates, locking 
through its upper winding to conductor 4870 and 
extending this ground to the winding of relay 40 
which also operates. With relay 40 operated 
the line link is transferred from the winding of 

20 relay 49 to the winding of relay 42 and bat 
tery over the upper back contact of relay 4. 
With relays 408 and 40 operated, ground from 
the left back contact of relay 558 and conductor 
5527 is extended over the lower front contacts of 

25 relays 4 408 and 4 f t 0, middle upper front contact 
of relay 3409 to conductor 3302, leading to the 
sleeve conductor 233 of the line junctor. A par 
allel circuit extends from ground over the middle 
upper front contact and inner lower front con 

30 tact of relay 3409, conductor 3434, contact of re 
lay 620, conductor 6239, armature 3257 of relay 
3200, armature 3258 of relay 320 f, conductor 3259 
to the winding of the hold magnet 243 of the 
secondary line switch 240. Magnet f 243 oper 

8ates in this circuit connecting its winding and 
sleeve conductor f 233 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 

40 winding of relay 42, relay 42 operates if the 
sleeve cross-point has closed properly. Relay 
42 locks over its outer upper front contact to 
conductor 4870 and operates relay 4 i? over its 
inner upper front contact. Relay 4 discon 

45 nects relay 42 from the sleeve conductor. 
Operating hold magnets of secondary and primary 

incoming Selectors 

The ground connected to the sleeve conductor 
50 233 of the line junctor also operates hold mag 

net 57 belonging to that line junctor in the 
secondary incoming switch 570. Magnet 57 
extends its operating ground over the sleeve con 
tact of the cross-point to sleeve conductor 5743 

55 and the winding of the primary hold magnet 570 
Which in turn closes its cross-point extending this 
ground over the cross-point to conductor 5754, 
outer lower front contact of relay 588, conductor 
583, armature 5755 of relay 5735, armature 5756 

60 of relay 5722, conductor 5757, lower front con 
tact of relay 4 f2, winding of relay 490? and 
battery. The operation of relay 400 f, therefore, 
indicates the satisfactory closure of the cross 
points at the secondary line switch and the pri 

65 nary and Secondary incoming SWitches. 
Test of talking conductors 

A false battery on the tip conductor or a false 
ground on the ring conductor of the incoming 

70 switches or line switches would cause a false 
charge by operating relay 5808 of the incoming 
junctor prematurely. Therefore, from the time 
relay 588 of the incoming junctor operates, un 
til relay 480 i operates as above described, the tip 

75 contacts of the primary incoming cross-points 
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are connected over conductor 5833, outer upper 
front contact of relay 588, conductor 5832, 
armature 5758 of relay 5735, armature 57.60 of 
relay 5722, conductor 5762, outer right back con 
tact of relay 400, second left back contact of re 
lay 4000, right winding of relay 4904 to ground 
and the ring contacts of the primary cross-points 
are connected over conductor 5834, third lower 
front contact of relay 58f 8, conductor 5835, 
armature 5759 of relay 5735, armature 576 of 
relay 5722, conductor 5763, inner right back con 
tact of relay 400, 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 cross 
points are closed this circuit also tests for false 
battery and ground on the line conductors of the 
links and line junctor. If relay 404 operates it 
locks under the control of relay 558 and pre 
vents the completion of the call. 

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

when relay 400 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 459 
operated as previously described it connected 
relay 4532 over conductor 4549, right back con 
tacts of relays 60 if and 600, conductor 6020, 
inner right back contact of relay 4000, left back 
contact of relay 4005, inner right back contact of 
relay 4703, conductor 478, right front contact 
of relay 459, conductor 329, armature 328 of 
relay 3200, armature of relay 3108, terminals 
324 and 325 at rack 3 ft, to the sleeve con 
ductor 229 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 400, left back con 
tact of relay 4004, inner lower front contact of 
relay 404 to grounded conductor 5527. This 
ground operates the line hold magnet 20, com 
pleting the connection between the line and the 
incoming trunk. 

Test for double connections 
During the interval between the operation of 

relay 400 f 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 406, 
outer right back contact of relay 46f0, con 
ductor 46, right back contact of relay 4008, 
through the full wave rectifier 405, and the 
lower winding of polarized relay 404 to the 
source of ringing current 408. The ring con 
ductor is extended over the second left contact 
of relay 4000, conductor 407, inner right back 
contact of relay 460, conductor 462, left back 
contact of relay 4008 to ground through resist 
ance 4007, Relay 404 has two functions, namely, 
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2,089,921 
to inform the marker when the line hold magnet 
has operated and to check the continuity of the 
switch cross-points. 

Relay 404 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 404, does not ring the subscriber's bell. 
In the case of party lines the relay operates to 

0 the Substation ground but does not ring the bell. 
It will be remembered that one of the relays 
590 to 593 is operated when the called line 
grounds the tip side of the line and is to be 
signaled thereover. Any One of these relays 

15 closes a circuit from battery through the wind 
ing of relay 460, conductor 463, front contact 
of the operated relay, for example relay 59, 
and the back contact of the remaining relays, in 
this case relay 590, back contacts of relays 5903 

20 to 5900, conductor 5937, left back contact of re 
lay 4528, conductor 4.550, left back contacts of 
relays 60, and 600, conductor 6023, left back . 
contact of relay 47, to ground at the back con 
tact of relay 470. Therefore, when the called 

25 line is one which grounds the tip side of the line 
relay 460 is operated, reversing the connection 
of relay 404 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 43. 

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 588 in the trunk circuit. When 
polarized relay 404 operates as above described 
it closes an obvious circuit for relay 400, which 
locks to grounded conductor 480 and extends 
this locking ground to the winding of relay 4008. 

50 Relay 4008 at its inner right back contact dis 
connects relay 43 from ground and at the same 
time connects it over the back contact of relay 
400 and the right and left front contacts of relay 
4008 to conductors 462 and 46 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 

66 relays of the group, closes a circuit from ground 
at the back contact of relay 470, left back con 
tact of relay 47 f , conductor 6023, left back con 
tacts of relays 600 and 60 f, conductor 4550, 
left back contact of relay 4528, conductor 5937, 

65 left front contact of relay 5900, conductor 5938, 
Outer right back contact of relay 390, 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 

i? lays 390, 3908 and 4529 to prevent ringing in the 
case of intercepted calls, calls to busy lines and no 
test calls. 
83 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 

Relay 4608 is operated when relay 

35 
of relays 472, 47, 3909 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 487, 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 400. Relay 4605 also connects ground 
as above traced over conductor 464, armature 
5764 of relay 5722, armature 5765 of relay 5735, 
conductor 5830, third upper front contact of re 
lay 58 8 to the winding of relay 585 and battery. 
As previously mentioned if one of the relays 

590 to 593 had been operated to indicate that 
the Subscriber was to be rung over the tip side 
of the line relay 460 would have been operated. 
Relay 46 fo, when operated, connects ground from 
Conductor 48 over the fourth left back contact 
of relay 4000, outer right front contact of relay 
4608, middle left front contact of relay 46 ?o to 
the winding of relay 4609 and over conductor 
465 to the winding of relay 58f3. Relay 46 to 
also closes a circuit from ground at its inner left 
front contact, back contacts of relays 3908, and 
4529 to the winding of relay 4605 and battery, 
which operates as above described to ground con 
ductor 464 and operate relay 4604. 
With relays 4605 and 4604 operated, a circuit, is 

closed from battery through the winding of relay 
4009, conductor 409, left front contact of relay 
4605, middle left back contact of relay 3908, outer 
right front contact of relay 4604, back contacts of 
relays 460 and 4609, left back contact of relay 
4600, conductor 46f 6, left back contact of relay 
924, conductor 4934, right back contact of relay 
460, right back contact of relay 4602, left back 
contact of relay 3909, outer left back contact of 
relay 3908, right back contact of relay 3907, left 
back contact of relay 4603 and ground. It may be 
noted that the circuit is completed provided re 
layS 4609 and 460 are either both operated or 
both non-operated. Similarly, it extends over 
back contacts of relays 4600, 460 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 460? and their associated wiring 
Would be omitted or by-passed. Relays 4602 and 
603 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 390 as 
Well as over the back contacts of relays 4602 and 
4603; or if relays 4602 and 4603 are Operated, 
Over their front contacts and the front contact 
of one of the relays 3909, 3908 or 3907. 

Relay .009 in operating opens one point in the 
circuit of Irelay 413 so that when relay 4008 con 
nects relay 43 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: 43 releases, in turn releasing relay 588. 
If a false ground is present, and relays 4? 3 and 
588 remain operated, the marker timing circuit 
functions to bring about a second trial. 
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A line equipped with a coin box 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 tap 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 585 operated, it locked over its 

inner upper contact, back contact of relay 580 
to ground over the outer upper front contact of 
relay 5805. Relay 585 opens the shunts around 
condensers 586 and 587, closes a circuit from . 
the source of ringing current over conductor 5836, 'inner lower front contact of relay 585, wind 
ing of relay 58 fo, upper back contacts of relay 
583, outer lower front contact of relay 585 
to the back contact of the third lower armature 
of relay 588. It also connects generator ground 
on conductor 5837, over the lower back contact 
of relay 583, outer upper front contact of re 
lay 58 f6 to the back contact of the uppermost 
armature of relay 588. Ringing tone is ex 

25 

30 condensers 586 and 587. 
When relay 588, 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 582 
and the lower alternate contact of relay 588 
to conductor 5754 to hold the primary and sec 
ondary hold magnets of the incoming and line 
switches operated. 

40 

35 

Release of marker and Sender 
When relay 588 releases, it opens the circuit 

of relay 5735 in the incoming connector and also 
45 the circuit of relay 404. When relay 404 re 
"leases 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 588 should have completed its holding cir 
cuit for these magnets. The release of relay 
58 f8 also opens the circuit of relay 400, but 
relay 400 f being slow to release remains oper 
ated for an interval, holding relay 4002 oper 
ated. When relay 4002 releases, the ground 
supplied by relay 588 to conductor 5754 com 
pletes a circuit over the sleeve contact of the 
primary incoming cross-point, sleeve conductor 
543 of the incoming link, sleeve contact of the 
secondary incoming cross-point, sleeve conduc 
tor f233 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 229, contacts 3f25 and 
324 at rack 3, contact of relay 308, arma 

5 ture 328 of relay 3200, conductor 329, right 
front contact of relay 4519, conductor 478, 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, 

70 conductor 4020, back contact of relay 4606, con 
ductor 467, left back contact of relays 4829 and 
4828, conductor 4872, armature 5667 of relay 
5600 in the marker connector, conductor 5668, 
right winding of release relay 3707 of the sender, 
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2,089,921. 
Relay 3707 closes a holding circuit for itself 

to conductor 379 which is grounded by relay 
34 to insure that it release after relay 374. It 
also supplies a substitute ground to the sender. 
busy relay 350 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 374. 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 holding circuit for the 
Sender selector hold magnets 524 and 525, 
thereby releasing the sender from the incoming 
junctor. However, the locking circuit of relay 
300 also extends over the second left contact of 
relay 374 to the circuit of the hold magnets 524 
and 525 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, 6304 and 62 f4. 
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 

Relay 3200 in releasing opens 
the circuit of relay 4835, which disconnects 
ground from conductors 4864, 64ff, 607, 4870, 
4876 and 5669, releasing relays 6403, 459, 6302, 
5308, 408, 409, 42, 400, 4008, 4000, 4 of and 
3409. V 

Relay 4824 disconnects battery from the cir 
cuit of relay 5720 in the incoming connector cir 
cuit, releasing relay 5722, 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 487, 
4877, 4874 and 5669, releasing any timing relays 
which may be operated. 

Answer by called subscriber 
When relay 588 releases, ringing current is 

transmitted to the called line. When the called 
Subscriber answers relay 580 operates, opening 
the locking circuit of relay 585 which releases, 
cutting off the ringing current. Relay 583, if 
operated, is also released by the operation of 
relay 580. When relay 58f 5 releases it re 
places the shunts around condensers 586 and 
587, 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 582 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 58f , inner up 
per front contact of relay 5805, resistance 5803 
to the winding of relay 580 and battery. Relay 
580 transfers the direct connection between the 
tip and ring conductors 589 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 
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