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Tovaco, N.J., assignors to Bell Telephone Labo 
ratories, incorporated, New York, N. Y., a cor 
poration of New York 
Application June 1, 1938, Serial No. 214,347 

13 Claims. 

This invention relates to telephone systems and 
particularly to those employing automatic switch 
ing equipment for the establishment of conver 
sational connections. 
The objects of the invention are to enable a 

more efficient use of the controlling equipment 
and especially the equipment that serves in com 
mon for a number of lines; to expedite the serv 
ice given to waiting calls by minimizing the de 
lays resulting from an increased demand on the 
switching facilities or from the existence of trou 
ble conditions; and otherwise to secure improve 
ments in Systems of this kind. 
Central office exchange systems have been pro 

posed heretofore in which calling subscribers' 
lines are extended automatically by way of cross 
bar line switches to district trunks and district 
Selector switches and in which the district trunks 
seized for use by the calling lines are also ex 
tended automatically by way of cross-bar sender 
link Switches to idle register senders. In such 
Systems it has been the plan to arrange the call 
ing Subscribers' lines in groups, each group ap 
pearing in a number of cross-bar line switches 

5 mounted on a line switch frame and to provide 
each line group or line switch frame With a con 
trolling equipment for controlling the extension 
of the calling lines through the line switches to 
idle district trunks and to idle senders. It has 
also been the plan to have the district trunks 
Serving a number of groups of lines appear in a 
number of sender link switches mounted on a sin 
gle frame. Each of these sendér link frames is 
likewise provided with its individual controlling 
mechanism, Which cooperates with the line con 
trolling mechanism for the purpose of extending 
calling lines through the sender link switches to 
theidle registersenders. Since a line group con 
trol mechanism is common to all the Switches and 
all the lines On the frame to which it is indi 
Vidual, and since the control mechanism must be 
used for every originating call that is extended 
through the switches of its frame, any trouble oc 
curring in the common mechanism during the 
extension of a particular cal would, unless pro 
vision is otherwise made, prevent all other lines 
in the group from obtaining service. It is, there 
fore, desirable to utilize the common controlling 
equipment on an emergency basis to serve other 
frameS SO far as it is feasible to do so. Fur 
thermore, it is desirable to distinguish between 
conditions which cause delay as a result of fault 
or trouble in the equipment and conditions caus 
ing delay because of an excessive demand upon 
the Switching facilities. And, in accordance with 

(C. 179-8) 
the features of this invention, which are stated 
more fully below, improvements and advantages 
are obtained with these Systems. 
A feature of the invention is a system in which 

each frame of line switches serving a group of 
lines is provided with a control mechanism which 
normally serves the frame as a home control cir 
cuit and serves a second frame of Switches as a 
mate control circuit in the event of an emer 
gency, and in which the frame is provided with 
two start circuits, one serving in the normal op 
eration of the system to cause the connection of 
the home control circuit to the frame when a 
call appears, and the other Serving in the Case 
of an emergency to cause the connection of the 
mate control circuit to the frame in response to 
the appearance of a call therein. Each of these 
two start circuits serves to record the Subgroup 
or horizontal group location of all calling lines 
in the line group or frame of Switches, and, since 
the calling condition of any horizontal group is 
registered in both of the start circuits of the 
frame, either the home start circuit Will Summon 
the home control mechanism to serve the call 
or the mate start circuit will summon the mate 
control mechanism depending upon which of the 
two control mechanisms is at the moment serva 
ing the frame. With this arrangement each line 
SWitch frame is served normally by its home con 
trol mechanism, which is summoned by the home 
start circuit when a call occurs in the horizontal 
group, and, whenever a trouble condition occurs, 
making it impossible for the control mechanism 
to complete its function in connection. With the 
call it is attempting to serve, the home control 
mechanism is released, and the mate start cir 
cuit of the frame is rendered effective to sum 
mon thereafter the control circuit of the mate 
frame to serve its calls during the emergency. 
During this emergency period the mate control 
circuit serves the calls on both frames. Should 
a second trouble. Occur while the mate control 
circuit is Serving the frame, a transfer is made 
back to the home start circuit, and on the next 
-call the frame Summons the home control cir 
cuit. With each succeeding occurrence of trou 
ble thereafter a transfer is made from one con 
trol circuit to the other. 
Another feature of the invention is a system. 

in which either the home or the mate control 
mechanism serves a call in each of the succes 
sive groups on the frame having at least One 
call therein, and in which the group that the 
control mechanism is serving at the time trou 
ble occurs and causes the transfer from One Conr 
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2 2,224 25.1 
trol mechanism to the other is held in abeyance 
and denied service until one call is served in 
each of all other groups having calls therein. 
Another feature of the invention is a system 

of this character in which each frame of line 
SWitches is provided with mechanism for count 
ing two intervals of time, both of which are 
Started when the control mechanism is taken in 
use to serve a call on the frame. One of these 

l0 time intervals, which is comparatively long, is 
Selected to measure the time allowable for a con 
trol circuit to complete all of its functions in 
serving a call. Should the control circuit fail to 
complete its functions and release within this long 

15 interval, the indication is that a trouble exists 
either in the control circuit or in the frame equip 
ment, and the control circuit is automatically re 

5 

leased from the frame, and the start circuit 
transfer is made so that all calls in the frame will 

20 thereafter be served by the mate control circuit 
as above explained. The other time interval, 
which is comparatively short, is long enough to 
allow the control mechanism and the associated 
Sender link control mechanism sufficient time in 

25 which to determine whether there is available 
at the moment the necessary idle equipment for 
extending the calling line over a line link circuit 
to a district trunk through a sender link circuit 
to an idle register sender. If this equipment is 

30 available, the short time interval expires without 
affecting the normal procedure of the call, and 
the functions involved in extending the calling 
line to the idle sender will continue to progress 
in their normal manner unless a trouble condi 
tion occurs, which will be recognized at the ex 
piration of the long time interval above explained. 
Should, however, it develop that the necessary 

3 5 

Switching equipment is unavailable at the time. 
the short time interval expires, the control mech 

40 anism is automatically released, and the start 
circuit of the calling frame proceeds anew to 
seize the control mechanism for a new trial. 
However, the release of the control mechanism 
in response to the expiration of the short time 

45 interval is not accompanied by a transfer from 
One control mechanism to the other. The pur 
pose of this short time interval is to prevent a 
control mechanism, due to the lack of Switching 
facilities at the moment, from being held until 

50 the long interval expires, thereby causing the in 
dication of a trouble condition which does not in 
reality exist. - 

A further feature of the invention is a system 
in which the sender link control mechanism, as 

55 sociated with each one of the sender link frames, 
is provided with timing mechanism for measuring 
two separate time intervals. One of these tirine 
intervals, which is relatively long, starts when the 
sender link control mechanism is seized by a line 

60 group control mechanism and extends over a 
period sufficient to enable the sender link control 
mechanism to perform its functions in connec 
tion with the extension of the calling line through. 
to an idle sender. If, however, the sender link 

65 control mechanism encounters trouble and fails 
to complete its functions before the long time 
expires, the expiration of this interval causes the 
Senderlink contro mechanismito free the line 
group control mechanism to which it is locked. 

70 Therefore, the line group control mechanism is 
now free to make another trial, calling in other 
sender link control mechanisms for this purpose. 
The second time interval, which is a compara 
tively short one and which also begins at the time 

75 the sender link control mechanism is seized by a 

the equipment in a dial office which serves to ex- 50 

line group control mechanism, is of Sufficient 
duration to allow the Sender link control mecha 
nism to seize a group of senders having an idle 
one therein, provided the control mechanism 
does not encounter competition from other mech 
anisms for idle sender groups. If, however, the 
demand for senders is great enough to prevent 
the control, mechanism seizing an idle sender 
group within the short interval of time allowed, 
the expiration of this interval causes the sender 10 
link control mechanism to free the line group 
control mechanism, permitting the latter to make 
another trial. 
With the timing periods provided for the line 

group mechanism and the sender link mecha- lis 
nism it is possible to detect the presence of a 
trouble condition and to free the line group frame 
on which the call is present from the line group 
controlling mechanism that is attempting to 
serve the call at the time trouble is encountered, 20 
provided the trouble is present in the controlling 
mechanism or in the line. Switch frame, and to 
free the line Switch frame and its controlling 
mechanism from the sender link control mecha 
nism with which it is cooperating in the event 25 
the trouble is present in the sender link mecha 
nism. In this way a line switch frame is able 
to continue giving service to the calls appearing 
thereon and to make further attempts to serve 
the particular call on which it is working at the 80 
time the trouble condition arises. Moreover, the 
short time intervals safeguard against the pos 
Sibility that temporary traffic delays may give a 
false indication that a trouble condition exists 
in the equipment. If these temporary traffic de- 35 
lays Occur, the controlling mechanisms that are 
attempting to serve a particular call may be re 
leased in order that the equipment may make a 
further trial to complete the desired connection. 
The foregoing and other features of the inven- 40 

tion will be described more fully in detail in the 
following specification and will also be set forth 
in the appended claims. The specification is ac 
companied by drawings in which: 

Fig. 1 is a plan of the arrangement for Figs. 345 
to 6, inclusive; 

Fig. 2 is a plan of the arrangement for Figs. 7 
to 23, inclusive; 

Figs. 3 to 6, inclusive, comprise a diagram of 

5 

tend calling lines to district selector frames and 
to idle register Senders; 

Figs. 7 to 16, inclusive, show in detail a calling 
subscriber's line, a line link, and the line link 
control circuit; 

Figs. 17 to 21, inclusive, show in detail a send 
er link and the sender link control circuit; 

Fig. 22 shows pertinent details of the district 
junctor circuit, and a diagrammatic connection 
through other switching equipment to a called 60 
subscriber's line; and 

Fig. 23 shows that portion of the Sender cir 
cuit which affects the operation of the sender 
link control circuit. 

5 5 

GENERAL IDESCRIPTION OF SYSTEM 
The operation of that part of the cross-bar 

system embracing the features of this invention, 
namely the originating portion which connects 
the calling subscriber's line to a district junc- 0 
tor and to a sender, may be understood in 
a general way by consideration of the dia 
gram of Figs. 3 to 6, inclusive. The comple 
tion of the talking connection to a called 
subscriber's line is indicated briefly in Figs. 4 7.5 
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2,224,251 
and 6 of the diagram. For a more complete dis 
closure and description of the detailed equip 
ment involved in the completion of calls in a 
System of this kind, reference may be had to 
Carpenter Patents 2,093,117 of September 14, 
937, and 2,089,921 of August 10, 1937, and to the 
Copending application of W. W. Carpenter Serial 
No. 214,356, filed June 17, 1938. 

Fig. 3 shows certain primary and secondary 
line switches and the line link control circuit 
of one line link frame; line links intercon 
necting the primary and secondary switches; 
a Subscriber's Station and subscriber lines con 
nected to the primary Switches; district junctors, 
extending Outward from the secondary switches 
for use in Originating calls; and line junctors in 
coming to the secondary switches, for use on 
terminating calls. 

Fig. 4 shows certain of the primary and sec 
Ondary district SWitches of One district link 
frame; district links interconnecting the pri 
mary and secondary switches; district junctors, 
incoming from various line link frames, coin 
nected to the primary switches and to the as 
Sociated sender link frame; and office junctors 
extending outward from the secondary switches. 

Fig. 5 shows certain of the primary and sec 
Ondary Sender link Switches and the Sender link 
control circuit of the Sender link frane Which is 
associated with the above district fraine; sender 
links interconnecting the primary and secondary , 
Switches; connecting leads incoming from the 
district junctors to the primary switches; and 
common connecting leads Outgoing from the Sec 
Ondary SWitches to Warious senders. 
The Switches shown in Figs. 3 to 6, inclusive, 

are of the cross-bar type and they consist of a 
plurality of Sets of contacts arranged in hori 
ZOntal levels and Vertical rows. Associated with 
each horizontal level of contact sets is a, hori 
ZOntal Operating magnet, not ShoWn, hereinafter 
referred to as a select magnet, under control of 
Which the contact Sets of that level are prepared 
for Operation. Associated With each vertical row 
of contact sets is a vertical operating magnet, 
not shown, hereinafter referred to as a hold 
magnet, under control of which any one set of 
contacts in that row, after being prepared for 
operation by the operation of its respective Select 
magnet, is caused to close and remain in the 
closed position under control of the Operated hold 
magnet. For example, Switch 34 in Fig. 3 has 
two hundred sets of contacts arranged in ten 
horizontal levels and twenty vertical rows. Each 
contact set consists of four or five contacts, and 
each contact consists of two springs of which 
One may be termed the moving Spring and the 
other the fixed Springs. When a contact set is 
closed each of its moving springs makes elec 
trical contact with its nated fixed Spring. Cor 
responding moving springs in the ten contact 
SetS of the left-hand row of SWitch 3 are 
multiplied together and connected to the four or 
five wires associated with subscriber line 38, and 
the moving Springs of nineteen other rows are 
similarly connected to nineteen other subscriber 
lines. Corresponding fixed springs in the twenty 
contact sets of the top level of switch 34 are 
multiplied together and connected to the four or 
five wires associated with line link 322, and the 
fixed springs of the nine other levels are sini 
larly connected to nine other line links. If the 
select magnet associated with the top level is 
operated, and then the hold magnet associated 
with the left-hand row is operated, the top left 
hand contact set Will close and Connect Sub 

3 
scriber line 3 i 8 and line link 322 together. The 
select magnet is then released, but the hold mag 
net is kept energized as long as it is desired to 
maintain the connection betWeen the SubScriber 
line and the line link, When the Select magnet 
has been released, the same or another Select 
magnet and another hold magnet may be oper 
ated to connect another subscriber line to another 
line link, and this process may be continued 
until all ten line links are connected to ten Sub 
Scriber lines. For a more detailed eXplanation of 
the construction and operation of one suitable 
form of cross-bar Switch, reference may be had 
to the patent of J. N. Reynolds, No. 2,021,329, 
November 19, 1935. 
The Subscriber lines are arranged in groups 

which may vary in size, say, from two hundred 
to seven hundred lines each, the size of the group 
depending upon the relative activity of the lines 
in the group. Each group of lines is served, for 
the purposes of both originating and terminating 
calls, by the line Switches, line links, and line 
Link control circuit of one line link frame Such 
as shown in Fig. 3. These provide for connecting 
any line of the group upon the origination of a 
call over that line, to a district link frare cir 
cuit such as shown in Fig. 4 and to a Sender link 
frame circuit Such as shown in Fig. 5. They 
also provide for connecting any line of the group, 
when that line is called from a distant point, to a 
line junctor and thence to the distant point. 
The primary line switches of a line link frame, 

such as switches 34 to 35, inclusive, are ar 
ranged in ten horizontal groups, of which Only 
the bottom two and top two groups are shown. 
Each group contains enough primary SWitches to 
supply from twenty to seventy vertical groups, so 
that the ten groups on the frame contain froIn 
two hundred to seven hundred rows. Although 
the drawings show primary Switches of tWenty 
vertical row capacity, primary Switches of one 
half that capacity may be used, or the tWO sizes 
may be used in various combinations as re 
quired. Each separate row is connected to a, 
subscriber line, such as lines 38 and 38, and 
each line terminates in One or more Subscribe 
stations such as station 3.6. 
The line link frame has ten secondary line 

switches, of which the two bottom switches 323 
and 324, and the two top switches 325 and 326, 
are shown. Each secondary Switch has twenty 
Wertical rows, of which ten are connected to line 
junctors such as junctors 327 extending to in 
coming link frames for terminating calls, and 
ten are connected to district junctors such as 
junctors 328 and 329 extending to district link. 
frames and Sender link frames for originating 
calls. The ten district junctors connected to one 
Secondary SWitch form a subgroup, such as sub 
groups 332 to 335, inclusive, and the ten sub 
groups are combined in pairs to make five groups, 
each group being connected to two adjacent 
secondary switches and extending to one district 
link frame and its associated sender link frame, 
but no tWO groups from the same line frame eX 
tend to the same district link frame and its asso 
ciated sender link frame. Each group of twenty 
junctors may be multipled to Several line link 
frames, as indicated by the multiple taps 330 
and 33, but the scheme of multiplying is such 
that not more than two of the five groups appear 
ing on a given line link frame shall appear together 
elsewhere, on another line link frame; for other 
Wise, with Several frames using more tham tW0 
junctor groups in common, a temporary overload 
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4 
occurring On one of the frames might incon 
Venience the other frames unduly. 
Each primary or secondary line SWitch has ten 

horizontal levels. Corresponding levels in all 
primary SWitches in One horizonta row are null 
tipled together. The levels of the primary and 
Secondary SWitches are interconnected by one 
hundred line links such as links 3 9 to 322, and 
these are distributed So that there is one link 
from each horizontal row of primary Switches to 
each Secondary SWitch. Thus primary SWitches 
304, 35, and 36 are connected by link 3 S to 
secondary switch 323, by link 320 to secondary 
Switch 326, and by intermediate links, not shown, 
to the intermediate secondary switches. By this 
distribution every Subscriber line is given acceSS 
to every one of the one hundred district junctors 
connected to the line link frame on Which it 
appearS. 
The line link control circuit 360 of the line link 

framme controls - the operation of the select and 
hold magnets of the primary and Secondary line 
switches, acting in conjunction With a sender link 
control circuit such as 50 in Fig. 5 to establish a 
connection from a calling Subscriber station 
through an idle line link to an idle district 
junctor, and so through an idle Sender link to an 
ide sender. To permit this combined action the 
ine ink contro circuit 30 iS connected, aS indi 
cated by line 30, to the sender link control cir 
cuit 53 of that particular sender link frame to 
which are connected the group of tWenty district 
junctors 332 and 333 outgoing from the secondary 
line switches 323 and 324; and, as indicated by 
the multiple tap 302, the line link control cir 
cuits of all other line link frames Which multiple 
to district junctors 332 and 333 also connect to 
that sender link control circuit. Line link con 
trol circuit, 38 is also connected as indicated by 
the four lines 33 to the sender link control 
circuits of the four other sender link frames to 
which are connected the four other groups of 
twenty district junctors outgoing from Secondary 
SWitches on this line link frame. 
A district link frame such as the one shown in 

Fig. 4 has ten primary and ten secondary CrOSS 
bar switches, each with ten horizontal levels and 
twenty vertical rows of contact sets. The botton 
two primary switches 494 and 405, the top two 
primary switches 46 and 40, the two botton 
secondary switches 46 and 4, and the tWo top 
secondary switches 48 and 49, are shown. 
To the ten levels of each primary district 

switch are connected the ten district junctors of 
one subgroup, and to a pair of adjacent Switches 
as A34 and 405 are connected two subgroups such 
as 332 and 333 forming one group of twenty dis 
trict, junctors extending from a pair of adjacent 
secondary line switches on each of several line 
link frames. To the four other pairs of primary 
switches are connected four other groups of 
twenty district junctors extended from other line 
link frames. Each district junctor has trans 
mission and supervisory equipment such as equip 
ments 40 to 43, inclusive. 
The twenty Vertical rows of each Secondary 

district switch are connected to office junctors 
such as junctors 420 to 435, inclusive, extending 
to Office link frames. Each Secondary. SWitch is 
divided by its horizontal strapping into a left 
half and a right half, although. So far as the me 
chanical action of the SWitch and its magnets is 
Concerned there is no division. The distribution 
of Office junctors Varies according to the number 
of office link frames required, but the arrange 

2,224,251 
ment shown is one Suitable for ten office link 
frames. The twenty office junctors connected 
to the left-hand rows of the twenty half switches, 
of which junctors 429 to 42, inclusive, are shown, 
extend to one office link frame such as the one 
shown in Fig. 6. Similarly each twenty corre 
Sponding roWS in the twenty half Switches are 
Connected to junctors extending to a different 
ofice link frame. 
The Vertical rows of the primary district 

SWitches and the levels of the Secondary half 
SWitches are interconnected by two hundred dis 
trict links such as links 48 to 45, inclusive, and 
these are distributed so that there is one link 
from each prinary SWitch to each Secondary half 
SWitch. Thus primary Switch 404 is connected 
by links 498 and 49 to the halves of secondary 
SWitch 46, by links 40 and it to the halves of 
Secondary SWitch 49, and by intermediate links 
not shown to the intermediate secondary switches. 
By this distribution every district junctor is given 
access to every One of the two hundred office 
junctors connected to the district link frame on 
Which it appears and so to every office frame. 
A Sender link frame Such as the one shown in 

Fig. 5 is definitely and exclusively associated with 
each district link frame such as the one shown in 
Fig. 4, for the purpose of attaching district junc 
tors to senders. The circuit from district junctor 
to Sender consists of eight wires and it is con 
nected through two sets of contacts, of four con 
tacts per set, on a pair of primary cross-bar 
SWitches, and So through two similar sets of con 
tacts in different Sections of one secondary 
SWitch. A sender link frame has five pairs of 
primary Switches and five secondary switches, 
each Switch with ten horizontal levels and twenty 
vertical rows of contact sets. The bottom pair 
of primary switches 52a and 52b, the top pair 
of primary SWitches 53d and 553b, the bottom 
secondary switch 5i 2 and the top secondary 
switch 53, are shown. 
To the vertical rows of each pair of primary 

Sender link Switches such as switches 502d and 
502b are connected the twenty district junctors , 
of one group such as junctors 436 and 437, the 
eight Wires of a junctor being divided equally be 
tWeen two Wertical rows, one row on each SWitch 
Of the pair. 
Each Sender link secondary Switch is divided 

by its horizontal strapping into four sections, 
although. So far as the mechanical action of the 
SWitch and its magnets is concerned there is no 
division. The quarter levels are connected to 
Subscriber senders such as sender 522, two quar 
ter levels per Sender, there being a total of one 
hundred Senders in the group, divided into ten 
subgroups of ten senders each. For example, the 
bottom levels in the first and third sections of 
switch 52 are connected as indicated by line 
54 to sender 522, the top levels in the same sec 
tions by line 55 to sender 523, and the inter 
mediate levels in the same sections to eight other 
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senders in the same subgroup of ten. Thus each 
secondary switch is connected to two subgroups 
of ten senders as indicated by the lines 58. The 
entire group of one hundred senders is multi 
pled to all sender link frames associated with the 
group of senders, as indicated by the multiple 
taps 56 and 57. 
The horizontal levels of the sender link pri 

mary Switches and the vertical rows of the sec 
Ondary Switches are interconnected by fifty 
Sender links Such as links 504a-504b to 5 fa 
5ffb, inclusive, each link consisting of two parts. 
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as 504.a. and 504b, of four wires each. The links 
are distributed so that there is one link from 
each pair of primary switches to each half of 
each secondary Switch. Thus primary SWitches 
502a and 502b are connected by links 504a-504b. 
and 506a-5066 to secondary switch 52, by links 
5C5a-556 and 507a-507 b to Secondary SWitch 
53, and by intermediate links not shown to the 
intermediate Secondary SWitches. By this dis 
tribution every district junctor is given access to 
every one of the One hundred Senders. 
The sender link control circuit 500 of the 

sender link frame controls the operation of the 
select and hold magnets of the primary and Sec 
ondary sender link switches, acting in conjunc 
tion with a line link control circuit as described 
above. It is connected as indicated by line 30 
with the line link control circuits of all line 
link frames which connect to the district junc 
tors appearing on the bottom pair of primary 
switches in its frame, and as indicated by lines 
50 to the line link control circuits of all line 
link frames which connect to the district junc 
tors appearing on the four other pairs of pri 
mary switches in its frame. 
An explanation Will now be given of how an 

idle district junctor and an idle Sender are seized 
by a calling line for the purpose of recording the 
number dialed by the subscriber. 
Assuming that a call is initiated by the Sub 

scriber at station 36, whose line 37 terminates 
in the right-hand vertical row of primary line 
switch 313 in the top row of primary line 
switches in a certain line link frame, the line 
switch control circuit 300 of that frame starts 
into action. The control circuit records the po 
sition of the calling line in the frame, and there 
by directs the operation of connector relays which 
attach the control circuit itself to the equip 
ment associated With the calling line and its ac 
cessible line links, Such equipment being repre 
sented by primary switch 33, the ten line links 
including links 32 and 322, and corresponding 
portions of the ten secondary Switches. The 
control circuit also explores all paths to a sender, 
to determine which ones are available. For line 
link 32 ?, for example, to be considered available 
on this first search, five conditions are essen 
tial: First, line link 32 itself must be idle; Sec 
Ond, the subgroup 332 of ten district junctors, 
to which the line link has access through Sec 
ondary line Switch 323, must contain at least two 
idle junctors; third, the sender link control cir 
cuit 500 aSSociated With those district junctors 
must be idle; fourth, at least one of the ten 
sender links to which those district junctors have 
access through primary sender link switches 
502a and 50.2b, such as sender link 504a-504b, 
must be idle; and fifth, there must be at least 
one idle sender in the subgroup accessible to the 
idle line link, Such as Sender 522, reached by 
conductors 58 through the first and third sec 
tions of Switch 52 and through link 504a-504b, 
If the line link control circuit finds all ten paths 
unavailable on this basis, it makes a second 
search, with its requirements relaxed to the ex 
tent that it will be satisfied with a subgroup of 
ten district junctors of which One is idle, instead 
of two as in the first search. The reason for 
this procedure is to avoid the complete occupa 
tion of a Subgroup of ten district junctors ex 
cept when absolutely necessary, in the interest 
of a possible Succeeding call for which that Sub 
group may offer the only available path to a 
Sender, 

5 
When the line link control circuit finds one 

or more available line links it chooses one group 
of twenty district junctors, Of Which one or both 
subgroups are reached by available links, and it 
then signals the associated sender link control 
circuit. Unless the latter circuit is at the same 
time receiving a demand from a more favored 
line link control circuit, in Which case the One 
under consideration is rejected and Set to Search 
ing again, the line link control circuit and the 
sender link control circuit are bound together 
and start setting up the connections. The line 
link control circuit chooses One of the two Sub 
groups of district junctors if both are available, 
suchi as subgroup 332, and signals its choice to 
the Sender link frame. 
The Sender link control circuit, upon noting the 

district group and Subgroup Selected, operates 
corresponding connector relayS and thus attaches 
itself to the leads and the sender link equipment 
pertaining to that subgroup, such leads and 
equipment being represented by conductors 436, 
primary switches 502a-592b, to ten Sender links 
504a-504th to 507a-507b, inclusive, and corre 
Sponding portions of the five Secondary switches 
52 to 5 3, inclusive. Following upon its attach 
ment to the district subgroup, the control circuit 
selects an individual district from among the idle 
Ones in the Subgroup, Such as the junctor repre 
sented in line 328. . . 

Meanwhile the sender link control circuit tests 
the ten sender subgroups, and, giving preference 
to those having two or more senders idle, it 
Selects a sender subgroup, such as that repre 
sented by senders 522 and 523. The control cir 
cuit operates a corresponding connector relay to 
attach itself to certain common control leads per 
taining to the selected subgroup, and finally the 
control circuit selects an idle sender in the sub 
group, Such as Sender 522. 
By this time the proper select magnets are 

operated, and the two control circuits proceed to 
operate the hold magnets of the primary and 
Secondary line link switches and the primary and 
Secondary sender link Switches, thus establishing 
a connection between subscriber's line 3, and 
Sender 522. Control circuits 30 and 59 are 
released and made available for other calls. . 
The Subscriber at station 316 proceeds to dial 

the number of the called line, such as line 602, 
and the number is registered in the sender. The 
Sender attaches itself to a decodermarker, the 
latter circuit itself to the district and office link 
frames, and the two circuits cooperate to com 
plete a path through the district link frame, by 
Way of district junctor 4€0, path 438, " pri 
mary switch 404, a district link such as 439, sec 
ondary switch 4 6, an office junctor such as 421, 
office link frame 600, terminating equipment 601, 
to line 602 and subscriber station 603. Full de 
tails of the sender and marker operation will be 
found in the above-mentioned Carpenter appli 
cation Serial No. 214,356, filed June 17, 1938... 
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Upon completing their tests the sender and the 
marker are disconnected, and with them the 
Sender link path through primary switch 
502a-502b, link 504a-504b and secondary 
switch 512. The two subscribers' lines are left connected through the medium of the line link: 

· frame, district junctor equipment 400, the dis 
trict link frame, and the remainder of the ter 
minating path traced. ? ... ... ::: ???? ... ,', ' ' , . . ..............! 
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6 
be discussed, and for this purpose reference is 
made particularly to Figs. 7...to 23, inclusive. . 

Initiation of a Call 

. Each line is provided with a line relay. 106, a 
combined cut-off relay, and hold magnet 04, 
and, in the case of two-party message rate lines, 
two message registers 702 and 793. For each 
group of ten lines there is provided a pair of Con 

to nector relays 707 and 798 whose function is to 
associate certain individual leads of the line cir 
cuit With corresponding common leads to the 
control connector circuit, as will be explained 
later. Eachhorizontal group, consisting of from 

520 to 70 lines, is provided with a horizontal group 
circuit comprising a start lead control relay 70 
and a multicontact relay 79, the latter relay 
serving to associate various leads pertaining to 
the horizontal group with corresponding connon 

20 leads to the control connector circuit. 
The start circuit, which is common to the line 

link frame, comprises the pairs of duplicate start 
relays 720 and 716, etc., together with the gate 
relays 23, and 719, all shown in Fig. 7, and the 

2s duplicate start equipment shown in Fig. 8 and 
the upper portion of Fig. 10. Figs. 9 and 11 show 
the mate frame start circuit corresponding to 
Figs. 8 and 10, respectively, while the connecting 
leads between the two circuits show how the 
frames are interlocked to prevent interference 
when the control circuit of one frame is serving 
both in an emergency. . 
The control connector, which connects the 

various frame leads either into the home control 
is circuit of Figs. 15 and 16 or into the control cir 

cuit of the mate frame, is shown partly in Fig. 10 
and partly in Fig. 12. Corresponding portions of 
the mate frame circuit are shown in FigS. 11 and 
13, respectively. 
The initial steps in connection with an Orig 

inating call are briefly as follows: The group 
start circuit, acting through the common start 
circuit, causes various common or frane leads to 
be switched through the connector relays to the 

45 control circuit. The common leads, with one end 
thus attached to the control circuit, must now 
have their other end switched through additional 
connector relays to appropriate points in the 
equipment associated With the horizontal group, 

so the tens-group, and the line itself. These latter 
"switching operations are governed in each case 

by relays which record the position or location 
of the calling line. 

Start of originating call 
When the subscriber at substation 780 initiates 

a call, the removal of the receiver from the 
switchhook operates line relay 70s over a circuit 
from battery, through the winding of relay 106, 
outer break contact of hold magnet 704, through 
the substation circuit, inner break contact of 
magnet 104, to ground. Relay 706 grounds indi 
vidual lead T24 which later serves to identify the 
calling line in the group of ten, and also grounds 

5 start lead 125 which is multipled by way of straps 
26 to a corresponding contact on the other line 

relays in the same group of ten. The start leads 
25, one of which is provided for each of the two 

to seven line groups in the horizontal group, are 
70 initially tied together at break contacts of relay 

TO, and from the junction point two branch 
paths diverge for operating the duplicate start 
relays 720 and 76, etc. This start circuit may 
be traced from ground on the armature and make 

75 contact of one or more line relays 106, conductor 

55 
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ductor 923, right inner make contact of relay 

its own front contact, over conductor -028, make 

2,224,251 
725, left-hand break contacts of relay. Til O. to a 
junction point on conductor 727; thence. Over one 
branch through a break contact of relay. 0, 
conductor 728, right outer break contact of: gate 
relay 23, conductor 29, to the winding of start 
relay 720; and over the other branch through, a 
break contact of relay 9, conductor 30, right 
outer break contact of gate relay. 9, conductor 
3 to the Winding of start relay 6. 
Relay. 20 energizes the master start relay. 895 

in a circuit extending from battery on a break 
contact of relay 5, conductor 83, winding of 
relay 85, conductor. 8:4, right outer break contact 
of relay 884, conductor. 85, right outer break 
contacts of relay 88, conductor. 8.f6, right Outer 
reak contact of relay. 939, conductor 93, break 

contact, of jack 5, conductor 22, right inner 
nake contact of relay 26, conductor 732, break 
contact 834, relay 856, conductor 89, break con 
tact of continuity springs. On relay 8, 2, conductor 
829, break contact of continuity. Springs, on relay 

5, break contact of key 63, to ground. Sim 
ilarly, relay: 76 energizes relay 84 over a path 
froin battery on a break contact of relay 04, 
conductor 82, winding of relay 834, conductor 
822, right break contact of relay. 805, conductor 
823, right outer break contact of relay 808, con 
ductor 824, right outer break contact of relay.9f 0, 
conductor 94. break contacts of jack 605, con 

76, conductor 733, right break contact of relay 
986, conductor. 9 is, break contact of continuity 
springs on relay 8 l, conductor 829, break con 
tact of continuity Springs on relay 04, break 
contact of key 3 to ground. Relay: 804, how 
ever, is made slow operating SO that although 
it is energized at the same instant as relay: 805, 
its operation will under normal conditions be 
prevented by the Speedier-movement of the latter 
relay. Relay 85 locks itself around the right 
outer break contact of relay 8.4, in order to pre 
vent the possibility of buzzing action between the 
tWo relayS. Relay 835 also starts the time alarm 
circuit and operates relay 8). The time alarm 
circuit extends from ground at the right inner 
make contact of relay, 85, by way of conductor 
834, right inner break contact of relay808, con 
ductor 835 to interrupter 1993. The circuit for 
relay 8? 6 extends from battery on a break contact 
of relay to 5, over conductor 843, winding of relay 
8), conductor. 830, right inner break contact of 
relay. 909, conductor 926, left outer make contact 
of relay. 895, left inner break contact of relay 808, 
conductor 835, conductor 3f, to the same ground 
path just traced for the operation of relay 805. 

Relay: 810; now operates the control connector 
relays to -bring into use the link control, circuit 
of Figs. 15 and 16. Control connector relay f O2 
operates in a circuit from battery at a break con 
tact of relay to 5, over conductor 626, winding 
of relay 102, conductor 1027, a right front con 
tact of relay 89, conductor. 836, to ground at a 
break contact of release relay 599 in the control 
circuit. Relay G2 is locks itself with ground from 

contacts of relay 88 in series, conductor, 1027, 
back to its OWin Winding. Control-connector relays 
20, 263,28 and 2-3 operate in parallel from 
battery at a break contact of relay C 5, conductor 
106, windings of the four relays in parallel, con 
ductor 2.49, make contact of relay 8-fe, conductor 

: 837, to ground at a break contact of release relay 
59 in the control circuit. A locking circuit for 

the four - relays just mentioned is provided by 
ground at the left outer make contact of relay 
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23, over conductor 255, right outer pair of 
make contacts on relay 8, conductor 29, to 
the Windings of the four relayS. 

Control connector relay 02 operates gate relay 
723 in a circuit from battery, winding of relay 
723, conductor 734, to ground at a make contact 
of relay O2 . Relay 723 locks over conductor 
735 to ground at a make contact of relay 85, 
and opens the operating paths of all ten of the 
start relays 29, etc., so as to prevent interference 
from calls originated subsequently in other hori 
zontal groups. The start relays 720, etc., which 
have been simultaneously operated, remain locked 
to their respective start leads, the locking path 
for relay 720, for example, being traced from its 
OWn winding and right middle make Contact and 
over lead 728 to start ground. A supplementary 
locking path for relay T2) is provided through the 
right inner and left inner make Contacts of the 
relay in series, over conductor 36, right middle 
break contact of relay 88, conductor 839, a make 
contact of relay 23, conductor 22, to ground 
through the winding of relay 54 and also to 
direct ground over the shunt path including con 
ductor 68 and the grounded loWer break con 
tact of relay S4. The supplementary locking 
path just traced for relay T2) is wired in a series 
chain through transfer springs of the ten start 
relays. This chain and the two other chain cir 
cuits provided on the start relays serve to give 
preference to the lowest numbered start relay 
which is operated, and hence to the lowest num 
bered horizontal group Which is calling. 
The horizontal group relay 79 corresponding 

to the preferred start relay is now operated from 
ground supplied by the operated gate relay 723. 
This circuit may be traced from battery, Winding 
of horizontal group relay 99, conductor 737, left 
outer make contact of relay 720, conductor 749, a 
make contact of control connector relay f2 3, 
conductor 22, left outer break contact of relay 
808, conductor 76, left outer make contact of 
gate relay 23, to ground. The ten line links ac 
cessible to the horizontal group represented by 
relay T 9 are now put in readiness by the opera 
tion of their Secondary Select magnetS. Relay 
09 closes these paths, one of Which may be traced 

from battery, Winding of line link secondary Se 
lect magnets II.2, and ii 4 in parallel, conductor 
75, make contact of relay 09, conductor 758, to 
ground at the break contact of the make-busy 
jack 8). Also various individual leads pertaining 
to the horizontal group under consideration are 
connected through the make Springs of relay 79 
to corresponding common leads, Which at One 
end are multipled to all ten of the relays 79 
over strap wires such as 65 on conductor 45, 
and at the other end terminate on Contacts of 
control connector relays C2, 2C, etc. 

In this way, the seven start leads 725 associated 
respectively with the Seven ten-line groups COin 
posing the horizontal group are connected Over a 
corresponding number of common leads, through 
the control connector relayS to the Control Ciri 
cuit, and so to the Windings, respectively, of the 
seven chain relays represented by relays. 59, 
52 and 53. These seven relays serve to make 

a record of whatever ones of the Seven ten-line 
groups are atternpting to originate calls at the 
moment, and by their chain arrangement these 
relays give preference to the lowest numbered 
group. All seven of the relays 50, etc., operate 
initially, since the seven start leads 725 are for 
the time being tied together at break contacts of 
relay 7). The path for operating relay 50 

7 
may be traced from battery, winding of relay 
50, conductor 58, upper inner break contact, 

of relay 500, conductor 59, left inner make 
contact of control connector relay 29, conductor 
f 223, a make contact of relay 769, conductor 42, 
start lead 725, to ground at the right make con 
tact of line relay. TO6. All other relays of the 
chain such as 502, etc., operate Over a similar 
path, through the left break contacts of relay 

and the multiple point on lead 27, to start 
lead 25. These relays do not depend Wholly for 
their Operation upon start lead ground Supplied 
from the line relay, since an auxiliary ground for 
the Start lead is Supplied by the locking path for 
start relay 720 previously traced. The use of this 
auxiliary ground and the reason for operating 
the entire group of seven relays 50, etc., will 
be explained presently. 

Relays 50, etc., close a path from ground, 
through their upper Outer make contacts, con 
ductor i 52 , bottom outer break Springs of re 
lay 569, conductor 522, to the Winding of relay 
63, to battery, operating that relay. Relay 
63 completes a path for operating relay 65 

in a Series circuit carried through make contacts 
of the Seven relays 5, etc., so as to check the 
operation of the latter relays. This path ex 
tends from battery, Winding of relay if, con 
ductor 619, make contacts of relays 5.3, 52, 
etc., in Series, conductor 524, lower inner make 
contact of relay 63, conductor 62), a make 
contact of relay 2 3, conductor (324, a make 
contact of horizontal group relay 79, to the 
common point on conductor 727, left break. 
Springs of relay . , to start leads E25 and 
ground on line relay 726. Relay 614 in oper 
ating removes ground from conductor 68 to 
open the shunt around relay 504, grounds a 
path for operating relay 7 0, and prepares a 
locking path for itself in series with relay 55. 
The path for operating relay extends from 
ground through a make contact of relay 2 , 
conductor 62, lower make contacts of relay 
26i 4, conductor 622, a left make contact of 
relay 293, conductor 225, right outer make con 
tact of relay 26), conductor 743, winding of re 
lay 0 to battery. The locking path for relay 
S4 extends from ground on conductor 62 

just traced, through a lower make contact on 
relay 6 4, conductor 623, winding of relay 
55, conductor 523, to a junction point on lead 
69, and by Way of that lead to the winding 

of relay 4 and battery. Relay 55 remains 
normal for the moment, since its winding is 
shunted by the ground present on conductor 69. 

Relay 7 upon Operating opens the operatiing 
paths for relays 76 and 20, restoring the former 
and leaving the latter locked in Series with relay 
54. Relay 54 with its second shunt removed 

in this manner, now operates in Series with re 
lay 20. Relay O also separates the Seven 
start leads from each other, thus removing 
ground from the start leads of all non-calling 
tens-groups and restoring the corresponding 
chain relays 5, etc. The chain relays corre 
sponding to calling tens-groups remain oper 
ated, and they lock themselves in obvious man 
ner around the break contacts of gate relay 
50 through which their respective operating 

circuits pass. Relay O also removes ground 
from lead 2 Which has been connected through. 
series contacts of relays 59, etc., to the wind 
ing of relay 6:4, as already shown. The shunt 
is thus removed from around relay 505, which 
now operates in series with the locking circuit 

10 

15 

20 

25 

30 

35 

40 

5 

50 

55 

60 

65 



O 

5 

20 

25 

30 

35 

40 

4. 

50 

55 

60 

75 

S 
of relay 5 4 in a path just traced above. Relay 
.33 closes the circuit for operating gate relay 
589, in a path extending from battery, winding 

of relay 588, right outer make contact of relay 
565, conductor 527, chain circuit extending 

through lower inner transfer springs of relays 
450, etc., make contacts of these transfer 
springs, conductor 29, conductor 559, and the 
same circuit, used for operating relay 53 f to 
start ground. 

Selection of the tens-group first to be served 
is governed by the series wiring on chain relays 
iS) , etc. Preference is given to the lowest 
numbered group and the selection is completed 
by operating the corresponding line connector 
relays 97 and 38, a pair of which are fur 
inished for each tens-group in the horizontal 
group. The operating circuit for this pair of 
relays is closed by relay 500, the path being 
traced from battery, windings of relays 707 and 

8 in parallel, conductor 34, a make contact of 
relay 9, lead 45, right make contact of relay 
1203, conductor 226, make contact of upper 
transfer springs on relays 50, etc., the chain 
circuit, Wired through these transfer Springs, con 
ductor i525, make contact of relay 504, coin 
ductor 526, lower middle make contact of relay 
590 to ground. Connection is thus established 

between the selected tens-group and the control 
circuit in preparation for the next step, namely 
that of recording the calling lines in the group 
and of selecting the line to be served. Relay 
103 connects the individual contacts of the ten 
line relays 6 to the windings, respectively, of 
the tein control circuit relays represented by 
5: , 542, etc. A typical path may be traced 

from ground, make contact of relay 706, con 
mon conductor 6, a make contact of relay 
92, conductor 30, lower break contact of 

relay Si (, conductor 528, winding of relay 5, 
to battery. Common conductor 746 and others 
of the kind on relays 797 and 98 are multiplied 
over conductors such as 65 to all other pairs 
of these relays on the 'frame. As many of the 
ten relays 5 , etc., operate as there are lines 
cailing, and the lowest numbered relay in the 
group operates relay 588 in a circuit from bat 
tery, winding of relay 568, conductor S39, low 
er inner series chain and make contact of relay 
5 i, etc., conductor | 529, to conductor 030 
and the path already traced to ground at the 
left make contact of line relay 7 (5. Relay 53 
closes the operating circuit of relay 597 from 
ground on the conductor used in operating re 
lay 5: , etc., lock contact of the latter, upper 
inner series chain, conductor 53, lower outer 
make contact of relay 528, conductor 533, 
winding of relay 527, to battery. Relay 5e 
locks itself through its right inner make Con 
tact, and its right middle make contact, con 
ductor , 534, left outer make contact of relay 
298, to ground. This locking ground for relay 
fS is passed back over conductors 532 and 
53 to lock the lowest numbered relay in the 
group 5 , 52, etc., and the same ground is 
also carried through the right middle double 
make contact of relay 59, over conductor 535, 
Winding of relay 50 to battery, operating the 
lattsr relay. Relay 50 serves as a gate relay 
for the ten relays 5 i, etc., to prevent inter 
ference from lines of lower number than the 
one receiving preference and to release all re 
lays in the group of higher number than the 
relay locked as already described. Relay 588 
continues to hold over its energizing path, al 

cperated chain relay such as 502. 

2,224,251 
ready traced, to the individual contact of line 
relay 726. The selection of the line to be served 
has now been accomplished, since this line is the 
one wiose hold magnet derives its energizing 
path from the only chain relay 5 i, etc., left 
operated, nannely the lowest numbered One of 
these relays. The hold magnet path may be 
traced from battery, winding of hold magnet 
734, conductor 747, a make contact of relay 79, 
common lead 49, a right make contact of relay 
i238, conductor 22, make contact of transfer 
spirings on operated chain relay 5, for ex 
annple, chain wiring, conductor 537, to a ground 
path to be traced later. 
The holding control over the connection un 

dergoes a change following the operation of re 
Jay 50 d, as will now be shown. Up to this time, 
with the exception of the brief interval required 
for checking the seven start leads, holding con 
trol has rested with the calling subscriber, Since 
the line relay has controlled the locking circuit 
of the lowest numbered chain relay Such as 50, 
together with its associated gate relay 5). If 
the call is abandoned at this stage, line relay 
? 66 and relays Í5f l and 560 will restore, fol 
lowed by relay f63, assuming that the last 
named relay is not held operated by some other 

With relays 
8 and 63 restored, release relay 589 oper 

ates in a circuit from battery, winding of relay 
39, conductor 538, upper break contact of 

relay 593 and the chain circuit of other relays 
in the chain, conductor 525, make contact of 
relay 534, conductor 526, left inner make con 
tact of relay 505, conductor 624, lower break 
contact of relay 63, conductor 625, a make 
contact of relay 92, to ground. With release 
relay 539 operated, the line link equipment is 
disconnected in a manner to be described later. 
Assuming that other tens groups have initiated 
cails simultaneously with the preferred One, SO 
that soine other chain relay Such as 502 is op 
erated, then relay 63 will be held operated by 
relay 532 after the release of relays 500 and 
59, and so release relay 589 cannot operate 

to cause disconnection. Relay 502 now becomes 
the preferred relay, and it supplies a ground 
through the lower chain circuit to reoperate gate 
relay 535. A new pair of line connector relays 
G and (8, corresponding to relay 502 and to 

the Waiting tens-group, are operated, and the 
line recording relays 5t, etc., are reset in the 
usual manner. Thus one tens-group can relin 
quish its hold On the control circuit in favor of 
another tens-group in the same horizontal group, 
provided the call is abandoned early enough. 
However, if the operations have reached the 
stage Where all registration has been completed 
and relay 5). Operated, the line link circuit be 
coraes Self-locked and remains so either until 
the time alarin Operates or until the connection 
reaches the Sender, from which latter point a 
disconnection Signal is paSSed back to the link 
rame. Relay 507 establishes this self-locking 
condition by connecting ground from its left 
middle make contact, over conductor 536, to 
lock relay 500 and the operated chain relay 
set, etc. Thus the calling line ceases to control 

the release relay f 599 directly and is deprived 
of immediate control over disconnection of the 
link. If the lock-in were delayed until the con 
nection had reached the sender, the line link 
circuit could be abandoned by the first line and 
Seized by a Second line, the transfer taking place 
at a time when the sender had already received 
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2,224,251. 
certain information regarding the first line, such 
as class of service. On the other hand, if the 
line link were locked-in immediately after start 
ing, a complete link connection to the sender. 
would result from every transient starting im 
pulse, Such as that caused by a line surge. Hence 
the lock-in is set at a compromise point; early. 
enough to avoid the possibility of giving false 
information to the Sender, and yet not so early 
as to require complete link operation on every 
momentary starting impulse. 
At this point it can be made clear why a con 

tinuity check is provided for in connection with 
the seven leads used to operate the vertical group 
recording relays 50, etc. The need for mak 
ing the check arises out of the use of a single line 
relay contact to perform two functions; namely, 
starting and tens-group selection. Assuming that 
the check Were not provided a call could be 
initiated over any start path that was intact as 
far as the group start relay, whereas the start 
lead extension or branch used for tens-group se 
lection would, if open, block the call until the 
time alarm caused throw-over to the mate 
frame. Likewise, With the assumed circuit in 
good working order, a call abandoned before tens 
group selection would result in throw-over. In 
short, a circuit lacking the check feature would 
be incapable of distinguishing between an aban 
doned call and a trouble condition which war 
ranted throw-over. In the circuit as actually 
arranged, however, the branch path in question 
is first checked as intact, and then the Subse 
quent disappearance of ground from that path is 

An 
other part of this checking feature which has 
already been mentioned is the auxiliary or back 
up ground Supplied to the start lead from the 
locking contact of the group start relay such as 
720, etc., during the checking process. The pur 
pose of the auxiliary ground is to insure that the 
checking is completed and an opening in any of 
the branch paths detected, regardless of any ac 
tion on the part of the subscriber. With the aux 
iliary ground omitted, switchhook flashing 
might pump the start circuit and thus delay the 
alarm and the throw-over. 

District group test and selection. 
while the operations of selecting, recording 

and connecting to the calling line are still un 
der way, steps are taken to Select a group of ten 
district junctors from among the One hundred, 
which are accessible to the line link and which 
run in five major groups of twenty to various 
district link frames and their associated Sender 
link frames. The line link control circuit first 
makes an availability test on the basis of groups 
of ten district junctors, to determine how many 
such groups: (a) , contain each at least two idle 
district junctors, (b) have their sender link con 
trol, circuit available at the moment, (c) have 
at least one path available from the calling line 
through line link, district junctor, and Sender 
link, to a sender group containing an idle Sender. 
District junctor groups not meeting all these re 
quirements are disregarded. The line link cir 
cuit signifies a preference for one of the avail 
able ten-junctor groups by operating a lock-out 
relay corresponding to the twenty-junctor group 
which contains the preferred ten-junctor group. 
This lock-out relay excludes other line link Con 
trol circuits and connects the line link control 
circuit in question to a portion of the common 
control leads which are associated With the tWen 

9 
ty-junctor group and which, on the One hand, 
are multipled throughout all line link frames 
served by that twenty-junctor group, and on the 
other hand, terminate at the sender link frame 
where the junctor group terminates. Over these 
leads a signal is passed to the sender link control 
circuit telling it that a call is waiting on the 
twenty-junctor group, and this group receives 
Service if it is in preferential relation to other 
twenty-junctor groups which may at the same 
monent be attempting to place calls from other 
line link frames. A signal of acceptance is now 
returned from the Sender link over the common 
leads above mentioned, to the line link control 
circuit. The line link control circuit thereupon 
definitely selects the twenty-junctor group and 
next the particular ten-junctor group to be used, 
employing for this purpose certain connector re 
lays to establish connection with additional ones 
of the common control leads associated with the 
twenty-junctor group. The choice as to the ten 
junctor group is signaled from the line link con 
trol circuit to the sender link control circuit, and 
the latter circuit proceeds to select the individ 
ual district junctor, Sender link, and sender, as 
Will be described later. 
The test for availability of paths begins with 

the operation of relay 709, since this relay closes 
test paths from the sleeves of the ten-line links 
to the Windings of the ten relays represented by 
relays 615 and 6 6. One such path may be 
traced from battery, Winding of relay 65, con 
ductor 626, a make contact of relay 02, con 
ductor 103, upper lever spring and break con 
tact of jack 80, conductor 84, a make contact 
of relay 709, conductor 750, to sleeve conductor 
5. 

the presence of ground on the sleeve will operate 
the corresponding relay 615, etc., and the latter 
relay by opening the operating paths of its asso 
ciated relay 669, etc., will indicate that the line 
link is engaged. Available line links will be in 
dicated by normal relays 65, etc. The next 
step in the test is taken during registration of the 
tens-group containing the calling line, when re 
lays 63 and 64 operate. These relays close 
the Operating paths for the ten test relays repre 
Sented by relays 609, 6 O, etc. Each of these 
latter relays corresponds to a group of ten district. 
junctors, and the five pairs of relays such as 
1609 and l610, 16 and 1612, etc., correspond 
to the five groups of twenty district junctors 
which respectively extend, under ordinary wiring 
arrangements, to five different district link frames 
and their associated sender link frames. The 
operating path for relay f609 runs from battery, 
through the winding of relay 609, by way of 
conductor 62, upper inner make contact of re 
lay 63, conductor 628, upper break contact of 
relay 65, conductor 629, upper inner break 
contact of relay 67, conductor 630, a make 
contact of relay 02, conductor 32, upper in 
ner level spring and break contact of relay 204, 
common conductor 228, upper break contact 
of relay 1803, conductor 818, lower outer break 
contact of relay 83, conductor 89, lower outer 
break contact of jack 82, conductor 829, up-- 
per inner break-contact of relay | T 14, conductor 
76, break contact of sender link hold magnet 
705, to ground. The operating path for relay 
60, although not shown in full, runs like that 

just traced for relay 1609, until it reaches a con- . 
ductor .239 at the upper armature spring, second 

The sleeve conductors are held busy by con 
nection to ground, as will be explained, so that 
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from the core, on relay 294, thence by a break 
Contact to conductor 23, upper break contact 
On relay 8, conductor 82, to a junction point 
on conductor 339, from which a path has al 
ready been traced to grouand at the mold magnet 

5. m . 

Warious elements of the test paths just traced 
will now be considered... Conductor 228, With its 
multiple tap 223, may be taken as typical of the 
common control leads, already referred to, which 
at one end terminate in the sender link frame 
equipment associated with a twenty-junctor 
group and at the other end multiple to all line 
link frames served by that group of twenty dis 
trict junctors. Relays 803 and 887 are part 
of the Sender link equipment which is peculiar 
to the twenty-junctor group and these relays 
when normal indicate respectively that the first 

has ten branches like the one traced through 

60 

and Second groups of ten junctors, in the major 
group of twenty, contain at least two idle dis 
trict junctors apiece. 
lays 883 and 88 is associated with the twenty 
junctor group, becomes operated whenever the 
Sender link control circuit is engaged. Lead 829 

break contacts of relay Ti4, and hold magnet 
!75, each branch corresponding to one of the 
ten Sender links : which carry traffic from the 
group of twenty district junctors to ten different 
Sender groups. Each of the ten sender groups 
has its group busy relay such as 4, which op 
erates When all Senders in the group become busy, 
and which breaks the test conductors such as 
f6, to keep further trafic from entering the 
busy group. Similarly each of the ten sender 
links under consideration provides its own busy 
indication, by opening its test lead 76 at the 
bi'eak contacts of its hold magnet (65. Hence 
lead is 29 may be regarded as a paths available 
lead for the group of twenty district junctors, 
indicating by the presence of grounds somewhere 
On its branches that at least one path is avail 
able through a sender link to a sendergroup con 
taining an idle sender. Five leads such as 329 
are provided for the sender link frame, one for 
each group of twenty district junctors. Review 
ing now the operation of relay. 609 in the line 
link control circuit, it is clear that the operation 
of this relay indicates the following: (a) that for 
the corresponding group of ten district junctors 
the line link providing access to that group is 
available for Se, (b) that the group of ten dis 
trict junctors in question contains at least two 
junctors available for use, (c) that the sender 
link is available for use, (d) that for the group 
of ten district junctors in question at least one 
sender link path is available. and (e) that the 
group of senders to which this link path connects 
is non-busy or in other Words, has at least one of 
its senders available. These indications have al 
ready been referred to, though in different order. 
Having determined through the operation of 

relays 699, 60, etc., which groups of ten 
district junctors are able to serve the call, the 
line link control circuit next expresses a pref 

5 

erence by operating one of the lock-out relays 
such as 12 is, f2 and 28, which correspond 
to the group of twenty districts containing the 
preferred tens-group. One such relay is pro 
vided for each line link having access to the 
twenty district junctors. Considering relay 
28 as the one to operate in this instance, itS 

energizing path may be traced from ground, Over 
a chain circuit involving the upper break con 

Reiay 8f3, which like re 

2,224,251, 
tacts of relays 26 and f2, respectively, wind 
ing of relay 128, conductor 234, a make con 
tact of relay G2, conductor 033, make Con 
tact of left middle transfer springs on relay 6.09, 
assumed Operated, conductor 63, break contact 
Of left middle transfer springs on relay 62, 
conductor 632, jumpers between cross-connec 
tion blocks í 608 and 1604, conductor 633, lower 
break contact, third from the bottom, on relay 
603, conductor 634, right inner make contact 
on relay 595, resistance 596 to battery. It 
Will be observed that the operating chain circuit 
for relays 28, 2, etc., just traced is wired 
in reverse order with respect to the functional 
chain circuit wired through the lower transfer 
Springs of these relays, so that if two or more 
become operated, the one farthest from the 
Source of Operating ground receives preference. 
Therefore, when some relay such as 28 oper 
ates, it gives its corresponding line link frame 
access to the group of twenty districts and ex 
cludes other line link frames. It will be noted 
furthermore that relays f28, etc., not only act 
as lock-out relays, but they serve also as con 
nector relays to connect their respective line 
link frames to Some of the common control 
leads pertaining to the twenty-district gO). . 
Thus at relay 28 conductor 235 from the line 
link frane connects through a make contact of 
relay 228 to multiple tap 233 and the common 
Control lead 232. Multiple tap 236 on lead 
1235 ilustrates the multiplying by which the 
line link reaches its four other relays like 28, 
So as to gain access to the common control leads 
of other twenty-district groups. 
With the operation of relay 28, the line 

link frame is able to signal over the common 
control leads to the sender link frame and de 
mand Service on the twenty-district junctor 
group. Relay 63 connects ground from its 
lower outer armature and front contact, over 
conductor. 635, make contact on relay 23, 
conductor 235, contact of relay 28, multiple 
strap 233, conductor 1232, make contact of key 
909, normally operated, winding of start relay 
92, Series chain through continuity contacts 

of relays 93 and 94, series chain through 
lower inner break springs of relays 90T, 1906, 
935 and 904, to battery at the bottom break 
Springs of relay 98. The start relays repre 
sented by i 92, 9 3 and f 9 4 are five in num 
ber, one each for the five groups of twenty dis 
trict junctors served by the sender link frame. 
In order to cope with simultaneous operation, 
these relays have their operating chain wired in 
reverse order with respect to their functional 
chain. Hence the operated relay nearest the 
beginning of the functional chain receives pref 
erence, while an operated relay nearest the 
Source of the operating chain opens the latter 
chain to guard against interference. Assuming 
relay 92 to be the preferred relay in this case, 
it locks to battery on its right inner make springs 
and closes ground from its left outer armature 
and make contact, Over conductor 1924, a con 
tact of key 939, normally operated, conductor 
1925, winding of relay 3, to battery. One 
relay 3 is furnished for each group of twenty 
district junctors, and each such relay has its ar 
mature contacts wired to various common or 
frame leads and its make contacts to correspond. 
ing individual leads associated with the twenty 
district junctors. Consequently the relay upon 
Operating appropriates the sender link frame for 
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f 903, a make contact on key 909, conductor (123, 
left; outer make contact of relay 7, conductor. 
f72, to the district junctor circuit, break con-. 
tact of make busy jack 222, conductor 224, 
lower outer break contact of relay 220, upper 
outer break contact of relay 2293, resistance 
22 f, to: battery. Relary 904 is supplied with op 
erating ground over an individual lead, while 
the other nine test relays are for convenience 
Supplied with ground in groups of threes. The 
operated test relays, having locked themselves in 
local circuit to battery on their upper inner make 
contacts, connect battery to conductor 94 and 
through a make contact of relay 902 to the 
winding of relay 95 and ground, operating the 
relay. Relay 96 at its upper outer make con 
tacts, connects battery from conductor 928, 
through a make contact of key 909, conductor 
f96, to ground through the winding of relay 
280, operating that relay for a purpose to be 
explained later. 
At this stage the test relays 94, etc., provide 

economical means for recording on a traffic 
meter the number of times the last district junc 
tor in a group of ten is selected to Serve a call. 
Relay 96 at its upper outer break springs opens 
the energizing circuit of relay 99. The latter 
relay is Slow to release, So that it momentarily 
delays its own release and that of relay 903 
controlled by it. Relay S03, released by relay 
99, opens the operating paths of all the test 
relays 904, etc., but the relay occasioned by 
slow-release relay 99 has meanwhile covered 
any inequalities in the operating times of the 
test relays and has therefore insured the Opera 
tion of all such relays having operating paths to 
idle district junctors. Having made sure that 
all idle districts are registered, the circuit distin 
guishes between the case where only one district 
is-idle, and the case where two or more are idle. 
This is done by means of chain circuits on the 
upper contacts of test relays 964, etc. Consid 
ering the pair of adjacent relays 1907 and 906, 
a series circuit may be traced from battery, make 
contact 1965 and make contact 1946 on relay 
907, over a conductor to make contact 947 on 
relay 906, to conductor 1943, a right make con 
tact on relay 902, conductor 944, operating re 
lay 920 through its winding to ground. Hence 
as regards this pair of test relays, both relays 
operated together will energize relay 920 to in 
dicate that the two district junctors represented 
are idle, whereas either test relay operated alone 
Will fail to operate relay 920 and will indicate 
that only one of the district junctors is idle. 
Successive pairs of adjacent test relays are simi 
larly equipped to indicate the availability of their 
corresponding two districts. Now to extend the 
scope of this arrangement to any two test re 
lays, whether adjacent or not, as well as to any 
number of the relays, a tie is made between the 
series chains of the several pairs of relayS. - This 
tie is shown at break contact 948 on relay 966 
and break contact 949 on relay 95, and it will 
be noted now that pairs of non-adjacent relays 
such as S3 and 905 provide a series path lead 
ing to conductor 943, while the three relays 
(907, 996 and 1905 provide between them two 
series paths to conductor 943, and So on. The 
failure of relay 920 to operate indicates that out 
of the group of ten district junctors only one idle 
district is left to serve the call, and so with relay 
í 928 normal a count is registered on traffic meter 
TGT. The meter control relay 708 is energized 

in a path from battery, winding of the relay, 

2,224,251. 
right inner make contact of relay II09, conduc 
tor 28, make contact of key 909, lower break 
contact of relay 920, conductor 950, to ground 
at a lower make contact on relay 2005, whose op 
eration is explained later. Relay 703 energizes 
the meter 87 and locks to a break contact of 
the meter until the latter fully operates. If on 
the other hand relay 920 operates, it does so 
because two or more districts in the group are 
available, and it opens the meter path to prevent 
registration. Relay 929 locks to conductor f 943 
to make itself independent of the test relays 904, 
etc., and opens the operating circuit of relay 90S 
to restore the latter without waiting for the re 
lease of slow relay 99. 
With all idle district junctors in the group reg 

istered upon operated test relays 904, etc., as 
above described, the selection of the individual 
district junctor is actually determined, though it 
remains uncompleted for the moment. The way 
in which this selection is governed by chain Wir. 
ing on the lower outer contacts of test relays 
904, etc., in combination with certain preference. 
leads grounded in the line link circuit, is ex 
plained later under the heading “Operation of 
Sender link primary and secondary hold magnets 
and line link secondary hold magnet." 

Sender group test (regular) and sender 
group. Selection . 

While the district tens-group is being selected 
and the test for idle districts is under way, the 
Sender link control circuit proceeds to test the 
Sender groups for available senders, and next to 
Select a Sender group and an individual sender to 
serve the call. 
Ten test relays represented by 20? 9, etc., in 

the Sender link control circuit, test respectively 
the ten Sender groups serving the sender link 
frame, to determine how many of the sender link 
paths accessible to the selected district group 
Will, each meet the following requirements: (a) 
that the Sender link itself is idle, (b) that the 
aSSociated Sender group is not being selected at 
the moment by some other sender link frame, 
(c) that the sender group is not entirely busy 
and (d) that the Sender group contains more 
than one idle Sender. Sender groups containing 
Only one idle Sender apiece are disregarded at 
this time, since they are held in reserve for a 
reaSOn' Which Will be explained further on. Tak 
ing test relay 289 as an example, its operating 
path runs from battery, winding of relay 2019, 
left outer break contact of relay 20 f, conductor 
2036, a contact of key 909, conductor 95, lower 
break contact of relay 7 4, common conductor 
729 to an armature and make contact on relay 

f7f3 corresponding to the selected district group, 
individual lead 730 corresponding to the first 
Sender link for that district group, break contact 
of Secondary hold magnet 704 of the sender link 
referred to, common conductor f73 f relating to 
the Sender group Serving the sender link in ques 
tion, inner transfer armature and break spring 
of relay 2fOO, common conductor 2 3i, break 
contact of relay 20 to conductor 233, left in 
ner break contact of relay 205, conductor 234, 
to ground at the right inner chain contacts of 
relays, 2 2, 23, etc. Various elements in the 
foregoing path require further explanation. 
The ten-sender group busy relays 74, etc., have 
already been mentioned in connection with the 
paths available test of the line link circuit. One 
of these relays per Sender group is furnished on 
each sender link frame served by that sender 
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group, and the relay operates and opens the test 
paths whenever all senders in the group become 
busy. Lead 739 is individual to the sender link, 
and hence for each twenty-district junctor group 
represented by group connector relay 11 13, there 
are ten leads 730 fanning out to break contacts 
"of the Secondary hold magnets 704 of the ten 
Sender links. Common lead f3, with its mud 
tiple strap 732, appears on the armature springs 
of the five secondary hold magnets 704 which 
give access respectively from the five district 
groups to the Sender group corresponding to lead 
73. One relay 209 is furnished on each send 

er link frame to Switch the ten test leads 73 
corresponding to the ten-sender groups. Fur 
ther mention of relay 200 will be made later in 
the discussion of the sender group reserve fea 
ture. Relays 20, 2102, 2 (05, the ten relays 
209, etc., and the ten relays 22, etc., are sender 
group equipment, furnished on the basis of one 
set for the office. The relays represented by 
2 2, 23, etc., are ten in number, one each for 
the individual senders composing the group, and 
each relay is operated when its corresponding 
Sender becomes busy. The right inner contacts 
of these relays are arranged in chains to indicate 
on test lead 2134 whether or not the group con 
tains at least two idle senders, the arrangement 
being the same in principle as that previously 
described for the district test relays 1904, etc. 
Since an indication relative to two elements in 
the group is desired, a chain circuit embracing 
two relays is furnished on each pair of adjacent 
test relays such as 2f 3, 24, etc. Each such 
chain feeds ground to the test lead 234, thus 
giving a ground indication when both the corre 
Sponding senders are idle and a non-ground in 
dication. When either or both of the senders are 
busy. In order to extend this method of indi 
cating consecutively numbered busy senders so 
as to apply to any pair or any number of pairs in 
the group, the various chains are tied together as 
indicated at the right inner contacts of relay 
23. Consequently test lead 234 Will be 
grounded if two or more senders in the group are 
idle, and it will not be grounded if only one send 
er remains idle or if all are in use. 

Returning now to the ten test relays 20 9, etc., 
the operation of any one of these indicates that 
for the district junctor group carrying the call 
there is a path available over a particular sender 
link to a sender group containing at least two idle 
senders, and furthermore that the sender group 
at the moment is free to accept the call. After 

f 

testing in this manner, the control circuit selects 
one of the sender groups by operating the lock 
out relay such as 85 corresponding to that 
sender group. A preference chain of lock-out 
relays 85, 86, etc., is furnished for every 
sender group, the first relay 85 being controlled 
by the first or preferred sender link frame served 
by the sender group, the second relay such as 
816 by the next sender link frame served by the 
sender group, and So on. Consequently each 
sender link frame controls ten lock-out relays, 
one for each sender group, but the Wiring may be 
“slipped' or rotated in Such Way as to give a cer 
tain sender link frame a position of first prefer 
ence over other frames with reference to a given 
sender group, second preference on another 
sender group, and so on. The operating path for 
relay 85 may be traced from ground, through 
the winding of relay 85, conductor 822, con 
tact of key 1999, conductor 2037, right make con 
itact of relay 209, through connecting blocks 

2022 and 2023, conductor 2038, left inner make 
contact of relay 92, to battery through resist 
ance f9f . Resistance. 9 prevents the battery 
fuse from being blown by accidental crosses be 
tween the left-hand adjacent sets of contacts on 5 
relays f912, etc., during relay adjustment. It 
Will be noted in connection with the path just 
traced for operating relay 85 that the prefer 
ence as among the various sender groups is gov 
erned partly by the sequence wiring on relays li?) 
29, etc., representing the ten-sender groups, 
and partly by the wiring on relays 92, etc., rep 
resenting the five twenty-district junctor groups, 
the two chain circuits being suitably intercon 
nected by jumper wiring at terminal blocks 2022 l5 
and 2923. The result of this combination is the 
random choice of a sender-group and hence the 
random distribution of traffic over the various 
Sender links, for the purpose of equalizing wear 
upon the links. Because of the chain wiring on 20 
relays 2089, etc., the sender link can operate only 
One of its lock-out relays such as 85, at a time. 
If Some other sender frame at the same instant 
Operates its lock-out relay such as 86, the lat 
ter relay will lock itself and will take precedence 25 
because the functional chain on the upper outer 
chain contacts of the relays runs from left to 
right or in reverse direction with respect to the 
Operating chain on the lower contacts. Assum 
ing, however, that relay 85 is the only lock-out 30 
relay operated in the present instance, this relay 
at its bottom chain circuit opens the operating 
path of other relays in the group to exclude other 
link frames, and at its upper outer make contact 
closes a locking circuit for the corresponding test 3: 
relay such as 209. The lock circuit may be 
traced from ground at the upper outer contacts 
of relay 87, chain circuit through relay 1816, 
upper outer make contact of relay 48 45, con 
ductor 823, contact of key 1909, conductor 2039, 40 
right inner or lock contact and lock winding of 
relay 209, to battery. Relay 1815 also connects 
the same ground through its upper inner make 
contacts to lead 824, through a contact of key 
909, conductor 2040, to the winding of relay 45 
20, to battery, operating relay 2011. Relay 
29 is a gate relay whose operation opens the 
energizing paths of all the test relays 209, etc., 
to release all except the locked one. Relay 20 
also at its right make contact supplements the 50 
ground on the paths available lead 926, so that 
if the last path available is being used to serve 
the call the subsequent opening of the paths 
'available lead 926 will be unable to remove 
ground from lead 2635 and thus dismiss the line 55 
link. Relay 20 furthermore closes one section 
of the energizing path for relay 208, traced from 
battery, winding of relay 28, left outer make 
contact of relay 20t, left middle break contacts 
of the normal relays 202?, 2020, etc., left outer 60 
make contact of relay 2019, lower outer break 
contact of relay 2008, to conductor 933 and a 
path already traced to ground at a make contact 
of relay 73. 

Relay 208 may be considered as a check relay 65 
which in conjunction with the indicating chain 
arrangement at the left middle and outer con 
tacts of relays 23, etc., certifies the release of 
all unused ones of the latter relays and prevents 
them from causing interference. The elements 
of the chain arrangement are as follows: (a) a 
series chain A through the left outer break con 

70 

tacts of relays 209, 2020, etc., which derives its 
ground at the first chain relay and connects 
through a make contact of the last chain relay to 75 
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the winding of check relay 208. Chain. A thus 
Serves as a Source of ground fron preceding nor 
mal relays to enable the last chain relay to oper 
ate the check relay; (b) a series chain B through 
the left middle break contacts of relays 202, 
2020, etc., which carries the winding of the check 
relay through the last and intermediate relays to 
a make contact of the first chain relay and 
ground. Chain B thus brings the check relay 
under control of each chain relay succeeding the 
first, and enables the first chain relay to operate 
the check relay; (c) a make contact connection 
such as 204 on each intermediate relay to serve 
as a tie between chains A and B when the relay 
is operated. Thus chain A, with preceding re 
lays normal, becomes a Source of ground where 
by an intermediate relay such as 2020 can oper 
ate the check relay, whose Winding is brought 
over chain B from the Succeeding normal relays. 
The operation of some other relay preceding re 
lay 2020 will Cpen the ground supply, while the 
operation of Some other relay succeeding relay 
2020 will open the winding path of the check re 
lay, SO that in either case the check relay is pre 
Vented from Operating. Thus the condition for 
Operating the check relay 208 is that all the 
chain relays 209, etc., except one shall have re 
Stored, and So the control circuit is guarded 
against the possibility of connection with more 
than one sender group, even momentarily. 
With the operation of relay 208, connection is 

made to the selected sender group circuit by way 
of Connector relay 84. One such connector re 
lay is furnished on the link frame for each send 
er group, So that there are ten such relays per 
frame, with the frame wires multipled at the 
armature contacts of all ten. From the view 
point of the senders, there is one connector re 
lay per Sender group on each sender link frame 
Served by the sender group. The wiring from 
the Sender group equipment of Fig. 21 multiples 
a CrOSS from frame to frame, appearing on the 
make contacts of the various connector relays 
84 representing the sender group. The oper 

ating path for relay í8 í 4 may be traced from 
battery, winding of relay l8l4, conductor 825, 
key S03, conductor 1952, upper inner make con 
tact of reiay 208, left inner make contact of 
relay 209, to ground. 

Sender link selection 
The same ground supplied by relay 208 to 

conductor 825 for operating relay 1814 is passed 
back over branch conductor f733, through a make 
contact of relay 3, to operate a pair of select 
magnets 103 and 702 at the primary end of the 
Sender link to be used. By referring to the trunk 
ing diagram of Fig. 5, it can be seen that this 
Sender link is the proper one to select; for both 
ends of it have now been identified, the primary 
end by the operated relay 73 representing the 
Selected district group, and the secondary end by 
the locked up relay 209 representing the sender 
group to receive the call. 

Sender Selection 
With connection established by way of con 

nector relay 84 to the chosen sender group, 
Selection is made at randon from among the idle 
Senders in the group. Relays 22, 2 3, etc., rep 
resent ten relays which serve as busy relays re 
Spectively for the ten senders in the group, each 
relay being operated when its corresponding 
Sender is busy. Furnished also for each sender is 
a Selection relay 209, etc., the ten such relays 
being connected in the usual chain arrangement 
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already described, so as to select their respective 
senders according to a certain order of prefer 
ence. A preference chain is also provided on 
the contacts of the ten busy relays 22, etc., for 
controlling the operation of the Selection relays 
209, etc., but this preference chain is reentrant 
or closed from the last relay 24, through to the 
first relay 22, and back again, and at five 
equally spaced points around the chain the five 
ground supply leads such as 235 are brought in. 
Assuming the first sender to be among those 

idle at the moment and ground to be present on 
lead 2 f35, then the busy relay 22 is normal, 
and relay 209 receives preference and operates 
to select the first Sender. In detail, the assumed 4: 
operating path extends from battery at the right 
inner break contacts of relay 2ff, the chain cir 
cuit through the right inner break contacts of 
intermediate relays 20, etc., winding of relay 
209, left outer break contact of relay 22, lead 
235, right outer break contact of relay 202, con 
ductor 236, a make contact of relay 184, con 
ductor 826, a make contact of relay 73, com 
mon control lead 734 for the selected twenty 
district group, to the line link circuit, a make 
contact of relay 2, make contact of relay 20, 
conductor 246, chain circuit on upper middle 
contacts of relays 52 and 5t, make contact 
of relay 5, to ground. Five complete ground 
paths like that just traced are provided, each 
taking its source on a pair of the ten line test 
relays 5 f, 52, etc. Only one Such lead can 
be grounded because normally but a Single One 
of the relays 5, etc., is allowed to remain oper 
ated, as already explained, and an extra safe- 3. 
guard is provided by means of the Series chain 
wiring. Moreover, since the line test relays 5, 
etc., represent calling lines, which originate calls 
at random, the five leads are grounded at ran 
dom. On Successive calls and thus afford conven 
ient means for distributing traffic. The first such 
use of these leads is in connection. With the ran 
dom selection of an idle sender in a group of 
ten, as just described above. 
The sender selector relay 209 having operated : 

to the lead 233 locks itself to battery, and at 
its right Outer chain contacts closes a branching 
ground circuit to select its corresponding Sender. 
The ground is supplied from a make contact of 
relay 84, over lead 827, and after passing ; 
through the right outer front contact of relay 
209 to conductor 23, it is fed over branch con 
ductor 238, make contact of relay 184, con 
ductor 828, winding of secondary select magnet 
f796 to battery, operating the select magnet. 
The chain circuit at the right outer contacts of 
relays 209, etc., prevents the grounding of more 
than one select magnet, although ten paths are 
provided. It is obvious that the Secondary select 
ing magnet energized as ShoWn is the correct 
one, since the choice of these select magnets has 
been restricted by connector relay 84 to the 
ten magnets giving access to the senders in the 
Selected group, and since, furthermore, the in 
dividual select magnet is energized by the same 
Sender selector relay 209 that selects and starts 
the individual sender. The starting of the send 
er by relay 209 is accomplished with ground sup 
plied from relay 209 to conductor 2 37, as al 
ready described, thence by way of branch con 
ductor 2439 to the sender and the windings of 
Sender relays 2390 and 230, operating these re 
lays. 
The Sender now records the class of service 

characterizing the Subscriber's line, such as indi 
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vidual message rate, two-party message rate, coin, 
etc. Since the position of a calling line On the 
line frame is necessarily recorded in the line link 
control circuit, as already described, the position 
of the line affords a convenient basis for indi 
cating the class of Service. To assign a line to 
a class of service, the line is placed in a particu 
lar position in its group of ten lines, so that all 
lines of a certain class appear, for example, as 
number in their respective tens-group, while 
lines of another class appear as number 2, etc. 
In the line link control circuit, the line recording 
relays 5, etc., apply ground to a single One of 
the ten class leads 54, etc., depending upon 
which relay is operated to record the calling line. 
Ground is thus passed over conductor 54, a 
make contact of relay O2, conductor 035, class 
connection blocks 205 and 206, make contact 
of relay 2, common conductor 24 associated 
With the twenty-district group, to the sender link 
circuit, a make contact of relay 73, conductor 
735, make contact of relay 84, conductor 829, 
common to the Sender group, then to the Sender 
circuit, a make contact of relay 2300 representing 
the individual sender, to operate a class of service 
recording relay, not shown. It will be noted that 
a maximum of eight different class of service 
indications can be passed through the sender link 
circuit to the sender circuit, this being a suitable 
limit imposed by the capacity of the connecting 
relays. For the same reason, in the line link cir 
cuit a limit of five is placed upon the number 
of class indications that may be passed from a 
given line link frame to its associated Sender link 
frames. Thus a Sender link frame may aSSemble 
eight different class of Service indications from 
all the associated line link frames, but Only five 
such indications from a particular line link frame. 
The Sender also at this time makes a record of 

the district link frame, so that later the informa 
tion can be used by the decoder in operating the 
district frame connector. The Operated relay 
8 4 provides convenient means for indicating 
the location or number of the district frame, since 

5 as already stated, each Sender group has one of 
these connector relays on each of its aSSociated 
Sender link frames, and the Sender link frame in 
turn serves to designate the corresponding dis 
trict frame. Each connector relay S4 is wired 
to give a ground indication over two leads, One 
tC Show the tens-group in Which a frame is lo 
cated and the other the individual or unit. Thus 
lead 242 is grounded by any one of the first 
ten connector relays 84 for the given sender 
group, and conductor 243 is grounded by any of 
the second ten. The ten leads which designate 
the units are shown under bracket 233 at relay 
23), each lead appearing on a connector relay 
in the first ten and multipling to a corresponding 
connector relay in the Second ten. To take an 
example, the fifteenth frame would be indicated 
by ground on conductor 243, representing the 
Second ten, in combination with ground on the 
fifth lead under bracket 233. The twelve frame 
indicating leads just mentioned, common to the 
group of Senders, are carried into the selected 
sender through contacts of relays 2300 and 239, 
and So to the windings of recording relays located 
in the sender but not shown in Fig. 23. 
Operation of Sender link primary and secondary 

hold magnets and line link secondary hold 
magnet 

While the sender is occupied with the registra 
tions explained above, preparations are made for 
Operating the primary hold magnets of the se 

circuit. 
Source, the lead will be found entering the sender 
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lected sender link. Relay 209 and its left outer 
make contact closes ground to operate relay 20, 
which opens the test path associated with the 
sender group and makes the latter test busy at 
other sender link frames served by it. Ground 
from a make contact of relay 84 is Supplied Over 
conductor 830 to the left inner double make 
contacts of the Sender selector relays 209, etc., 
and this ground is used to lock up the operated 
relay 209 and to energize relay 202. Relay 202, 
having first opened all five of the leads 2,36, one 
of which has been used for operating the Sender 
selector relay, then connects conductor 83 to 
conductor 832 to operate relay 9 in the con 
trol circuit. The operating path for relay is 
runs from battery, through the winding of relay 
f3 7, left outer break contact of relay 993, upper 
middle make contact of relay 96, conductor 
ES53, upper inner break contact of relay 2005, 
lower. Outer make contact of relay 28, conductor 
2332, a make contact of key. 909, conductor 954, 
nake contact of the operated select magnet 06 
at the Secondary end of the Selected sender link, 
conductor 136, a make contact of relay l8l4, 
conductor 832, left outer make contact of relay 
22, conductor -83, a make contact of relay 
84, conductor 737, make contact of relay 73, 
conductor 1738, make contacts, in series, of se 
lect magnets 792 and 703 at the primary end 
of the selected sender link, conductor f 925 and 
ground at the right outer make contact of relay 

9. Certain elements of the path just traced 
require explanation. Conductors 954 and 736 
closed by secondary select magnet 706 are com 
mon to the frame, so that any secondary select 
magnet on the frame is able to close this part 
of the path. Conductors 736 and 737 are con 
nected together by relays 84 and 202, which 
pertain to the selected sender group. Conductor 
f:37, common to the frame, is connected through 
contacts of district group relay 73 to a branch 
ing path which is related to the ten sender links 
serving the district group and which is arranged 
to be grounded whenever any One of the ten 
links has its pair of primary select magnets oper 
ated. Thus it will be seen that relay 9 IT cannot 
Operate and prepare the energizing path for any 
hold magnet until after the select magnets at 
both ends of the Sender link have closed their 
make contacts and therefore have had oppor 
tunity to position their select fingers. The line 
link select magnets have previously been oper 
ated, as described, so that now both frames are 
ready to have their cross-points closed. 
Relay 97 in operating prepares the energizing 

paths for the primary hold magnets of the sender 
link, and operates relay 98. The operating cir 
cuit of the latter relay traces from battery 
through the winding of relay 918, left inner 
break contact of relay. 903, lower inner make 
contact of relay 9, conductor 2043, upper outer 
break contact of relay 2008, conductor 937, 
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winding and lock contact of relay 92, to off 
normal ground. Relay !98 locks itself to con 
ductor 2043 and energizes, simultaneously, both 
the secondary hold magnet of the line link and 
the primary hold magnet of the sender link. The 
ground used for operating these hold magnets will 
be the one which has been used already in select 
ing a Sender at random and which is supplied 
OVer one of the five preference leads from an 
Operated line test relay in the line link control 

Without retracing this lead from its 

link circuit as conductor (734 in Fig. 18, thence 
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through a make contact of relay 73, conductor 
1826 and the branch f 739, a make contact of key 
989, conductor 955, upper outer contact of 
relay 9:3, to branching conductor 958. One 
branch feeds ground directly to the lower middle 
chain circuit of relay 984 and through the make 
contact, assuming this relay to be operated, 
thence by conductor 956, a make contact of key 
999, conductor 957, make contact of relay 713, 
conductor 740, to the line link circuit and the 
upper middle make contact of relay 209, con 
ductor 243, winding of the line link secondary 
hold magnet T , and battery, operating the hold 
maginet. The other branch of conductor 958 
feedis grond through the upper outer make con 
tact of relay 97, lower outer chain circuit on 
relay f294 and the make contact, conductor 959, 
a make contact of key 909, conductor 4, left, 
outer make contact of relay ft 09, to the windings 
of hold magnets f)0 and 9 in parallel, to 
battery, operating the magnets. The chain cir 
cuit wired to the lower middle transfer springs 
of the ten district test relays 904, etc., is a closed 
chain, and entering it at equal intervals are the 
five preference leads represented by conductor 
1958, the first lead entering at the armature 
spring of the first relay 904, the next lead on the 
third relay, etc. The chain circuit on the lower 
Outer Springs of the ten relays is Wired in the 
same way, and the points of entry for the five 
branch conductors from relay 9 7 exactly corre 
spond to those on the other chain circuit. Fur 
thermore, examination of the circuit will show 
the following: 

(d) That the hold magnet on the Secondary 
side of the line link frame, controlling the out 
going end of a district junctor, has its operating 
path. So Wired as to be controlled by the same 
test relay such as 994, etc., that represents the 
district in question. 

(b) That the pair of primary hold magnets on 
the Sender link frame, controlling the terminat 
ing end of the district junctor in question, like 
wise have their operating path controlled by the 
same test relay i 904, etc., that represents this dis 
trict. Thus the test relay representing a given 
district junctor operates the hold magnets at each 
end of that district junctor, and the chain wiring 
prevents the operation of more than one such pail 
at a time. Now it will be recalled that several 
of the test relays f 904, etc., may be operated at 
the same time if their corresponding districts 
are idle, and furthermore that selection of the 
district remains uncompleted until relay 9 8 
closes the preference leads. If now the first 
preference lead is grounded, preference is given 
to the first test relay 964 or to the nearest oper 
ated test relay, counting upward. If the fifth 
preference lead is grounded, preference is given 
to the ninth relay, and So on. Thus preference 
is distributed among the test relays and their as 
Sociated districts in accordance with the ground 
ing of the preference leads; and since the ground 
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ing of these leads from call to call take place at 
random, traffic over the districts is likewise dis 
tributed at random 
The sender link primary hold magnets TG) and 

l'70 in operating close the cross-points to con 
nect the district junctor leads to the sender link. 
The ground used for operating the hold magnet 
is extended forward over conductor 42 to the 
windings of the secondary hold magnets TC4 and 

| 705 in parallel, to battery, operating the latter 
magnets. These secondary hold magnets close 
their cross-points to extend the link leads 
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through to the sender. Included among these 
leads is the sleeve-conductor f743 which later 
is to serve as a locking lead for the four hold 
magnets but which at the moment carries their 
operating ground into the Sender, through a make 
contact of sender relay 2308, back over conductor 
2í 44, make contact of relay 13íf, conductor 1333, 
contact of key f969, conductor S56, winding of 
relay 2005, conductor 2044, lower outer make 
contact of relay 9C8, to battery. Relay 2005 
operates and thus serves to check the closing of 
the cross-points at both ends of the sender link. 
The upper inner continuity contacts of relay 
2005 open the operating ground of relay 9 and 
at the Sane time SWitch this ground OVer COIn 
ductor 2045, winding of relay 2006, to conductor 
f S60, while another nake contact of relay 2005 
applies Supplementary ground to. conductor 2045. 
Relay 9 1 now restores and opens the energizing 
ground for the four sender link hold magnets and 
relay 2005 as well, leaving magnets and relay 
dependent for their holding circuit upon the 
ground applied to conductor 960 through the 
winding of relay 2066. Relay 2006 now makes 
a double connection test; for if the sleeve of the 
connection just established is closed with or 
otherwise in contact with the sleeve of another 
busy connection, ground from the latter will 
shunt relay 2006 and prevent it from operating. 
In such case the time alarm will operate, as 
will be explained later. ASSunning, however, 
that no such trouble condition is present, 
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relays 2006 will operate in series with the four . 
sender link hold magnets and relay 2305, all 
in parallel, to battery. Relay 2G06 in operat 
ing energizes relay 2013 in a path from ground, 
left outer break contacts of relay 99, conductor 
96t, make contact of relay 2006, winding of re 

lay 2013, lower inner make contact of relay 2005, 
resistance 2004, conductor 20:46, right outer make 
contacts of relay 92, etc., and battery. Relay 
2013 at its upper make contacts locks itself to 
ground, and closes ground to conductor 2047 for 
a purpose to be explained further on. It will be 
noted that until relay 2006 operates, relay 29 f3 
is kept shunted with ground through the break 
contact of relay 2006, lower transfer armature 
and break contact of relay 203, lower inner make 
contact of relay 2005, resistance 2,04, to battery, 
the resistance 2304 serving to safeguard the bat 
tery- fuse. This arrangement insures that the 
double connection test is actually made, and relay 
2006 operated, before the connection is allowed 
to proceed; for otherwise a trouble cross be 
tween the make contact and armature spring of 
relay 2005 would permit relay 29 3 to operate 
prematurely. 
The sender link primary hold magnets 780 and 

170Í not only close the cross-points, but at their 
local contacts they close certain control leads. 
Magnet 790 grounds conductor 45 to operate 
relay 2207 in the district, and magnet (7) | pro 
vides a locking path for the line link secondary 
hold magnet, connecting ground for this purpose 
over conductor 74, break contact of district 
relay 22, through resistance 2200, sleeve con 
ductor 753 of the district junctor to the line link 
frame, locking or local contact and winding of 
line link secondary hold magnet Ti I i, to battery. 
Operation of line link primary hold magnet and 

completion of connection into sender 
The closure of the cross-points by line link sec 

ondary hold magnet connects the operating 
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2,224,251 
ground of the latter magnet through its local 
contacts and through the sleeve cross-point to 
sleeve conductor 75 of the line link. This ground 
is extended over a path already traced, to the line 
link control circuit and the winding of the test 
relay Such as S5, corresponding to the line link 
under consideration. Relay 65 upon operating 
provides a check upon the closure of the line link 
Secondary croSS-points, since it serves to close the 
operating path of the line link primary hold mag 
net. This operating path for primary hold mag 
net 704 has already been traced into the line link 
control Circuit and to the lower outer chain cir 
cuit on the operated relay 5, etc., which desig 
nates the calling line to be served. Resuming at 
that point, the path runs over conductor 537, 
through the upper outer make contact of relay 
55, conductor 542, right outer chain circuit and 
make contact of relay 69, lower make contact 
of relay 65, conductor 648, a make contact of 
relay 23, conductor 249, a make contact of 
relay 28, to common control lead 250 extend 
ing to the sender link circuit, key 939, conductor 
964, and ground at the lower inner break contact 

of relay 208. Control lead 258, just mentioned, 
is one of three leads which are multipled by Way 
of taps 845 to other district group equipments 
aSSociated with the Sender link frame. Primary 
hold magnet 734 upon operating closes the cross 
points, including its own lock circuit to sleeve 
conductor 5 of the link. Hold magnet 704 also 
Serves as the cut-off relay, for at its lower break 
contacts it detaches ground from the tip con 
ductor, and line relay battery from the ring con 
ductor, of the subscriber's line. Line relay 706 
upon restoring removes ground from the conduc 
tor 24, thus releasing relay 58 in the line link 
control circuit. The release of relay 508 controls 
the progress of the connection at this stage as al 
ready shown, and it indicates the following: 

(a) That the line relay has restored and is, 
therefore, unable to cause a false start upon re 
lease of the line link control circuit, 

(b) That the line cross-points are closed and 
the line conductors extended into the sender, 
thereby enabling the sender to assume charge 
and dismiss the two control circuits. 

Relay 598 closes a circuit traceable from 
ground, upper inner make contact of relay 50. 
upper outer break contact of relay is 88, conductor 
543, a make contact of relay f O2 , conductor 
35, make contact of relay i 28, common con 

ductor 25 extending to the sender link frame, 
a make contact of relay 8:4, conductor 1836, to 
the sender circuit, a make contact of sender relay 
2390, make contact of sender relay 2394, winding 
of sender relay 2395, to battery. Sender relay 
234, controlling the circuit of relay 2305, has 
already been operated as a result of the registra 
tion of the class of service and district frame in 
dications. Sender relay 235 in operating closes 
ground over conductor 2 48, to operate sender 
busy relay 22, and the latter relay breaks the 
Operating path of relay 209 and opens its por. 
tion of the test path to conductor 234, in orde 
to mark the sender as busy. · 
Sender relay 235 also prepares for the two 

party test of the subscriber's line by connecting 
the tip and ring leads 2.5e and 2: 5?, respectively, 
to the party test relay 23 (7. After the party test 
is completed, the tip and ring leads are switched 
by relay 2326 to the tone coil 23:2 and pulsing 
relay 2369, respectively. The path to the sub 
scriber's line thus established may be traced from 

17 
tone coil 232 through the right make contact of 
relay 2306, a make contact of relay 2305, conduc 
tor 25 to the sender link secondary switch, 
sender link conductor 747, conductor 1749, con 
ductor 767 of the district junctor, to the line link 
Secondary Switch, line link conductor 769, line 
link primary switch, line loop including Sub 
scriber Station 70, line link primary Switch, line 
link conductor T), line link secondary switch, 
conductor 768 of the district junctor, conductors 
750 to the sender link primary switch, link con 

ductor 3, secondary switch of senderlink, con 
ductor 2í5 í to the sender, make contact of relay 
235, left make contact of relay 2306, winding of 
pulsing relay 2309, to battery. Over the path 
just traced, relay 239 operates, and the calling 
Subscriber receives dial tone, from tone coil 2312, 
to authorize the dialing of the wanted number. 
Relay 2309 operates relay 23 in an obvious cir 
cuit, and relay 23 operates relay 2303. Relay 
2392 now operates in a path traceable from bat 
tery, through the winding of relay 2302, make 
contact of relay 2303, conductor 2 46, right outer 
make contact of sender busy relay 2 | l2, just op 
erated, conductor 245, make contact of relay 
2300, conductor 834, a front contact of sender 
relay 2300, conductor 834, a front contact of 
relay 84, conductor 962, key 909, conductor 
2048, upper break contact of relay 2014, conduc 
tor 2047, upper make contact of relay 20 f3, to 
ground. Sender relay 2302 operates over the 
path just traced, and locks itself and relay 2305 
in an obvious circuit to ground at its own contact 
235. Relay 2302 also connects its locking ground 
through its left inner make contact to conductor 
234, thence through a make contact of relay 2300 
to conductor 244, which last conductor extends 
back through the sender link cross-points and 
provides a lock circuit for the sender link hold 
magnetS. The sender thus takes control of the 
connection, since the sender link hold magnets, 
locked under control of the sender, in their turn 
control the locking circuit of the line link hold 
magnets. Sender relay 2302 also connects ground 
from its locking circuit, through its right outer 
and left middle make contacts, conductor 23 f6, a 
make contact of relay 2399, over release lead 247 
to the senderlink circuit, through a make contact 
of relay. 1814, conductor 1835, key I909, conduc 
tor 963, lower inner make contact of relay 203, 
conductor 2049, winding of relay 2007, and bat 
tery. Since ground for locking the sender link 
hold magnets has up to this moment been sup 
plied through the winding of control circuit relay 
2006, the latter relay may be restored when the 
sleeve is grounded by the operation of sender re 
lay 2302. If relay 2006 does restore, it operates 
relay 208 in local circuit. In any event relay 
206 operates, energizes release relay 2008, and 
locks itself in a circuit through the upper outer 
make contact of relay 25, lower Outer make con 
tact of relay 287, conductor 1933, key 909, con 
ductor 934, make contact of relay T3, to 
ground. Release relay 2008 at its upper outer 
contacts opens ground from conductor 2043 to the 
restore relay 948, and returns ground over con 
ductor 937 in order to hold relay 992 operated 
and to maintain ground on the off-normal ground 
lead. Relay 98 at its upper make contacts 
opens the preference lead ground whereby the 
line link secondary hold magnet was operated. 
Release relay 2008 at its lower inner transfer con 
tacts detaches ground from conductor 964 and 
switches the latter to conductor 2005, and through 
the lower middle break springs of relay 98, 
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nOW normal, to branching conductor 965, ower 
One branch to the locking winding of the release 
relay. 2003, and over the other branch extending 
through key 999 to conductor 966, to the line 

i link frame, a make contact of relay 28, con 
ductor 252, a make contact of relay i 23, con 
ductor 253, right outer make contact of control 
circuit relay 59, upper inner break contact of 
relay 58, winding of release relay 589, and 
battery. Both hold magnets on the line link 
frame have now been deprived of their operating 
ground, So that both magnets are dependent up 
On their locking path already traced through the 
CrOSS-points and the junctor sleeve conductor, 
through the district junctor circuit, to ground 
controlled by the sender link primary hold mag 
net. This holding ground backs up over the path 
just traced above, to hold the sender link release 
relay 208 and operates the line link release re 
lay 59. The continuity of the sleeve holding 
path is thus Verified by the immediate release 
of the control circuits, whereas discontinuity of 
the holding path will delay release of the control 
circuit until the alarm circuit operates, as will 
be shown later. 

Return of control circuits to normal 
Sender link relay 268 at its lower outer break 

contact deemergizes relay 28, and the latter 
relay at its upper make contacts deenergizes a 
Sender connector relay 84 and the sender link 
primary Select magnets 2 and 793. Relay 
84 in releasing restores the sender link sec 
Ondary Select magnet 705, and the sender group 
relays 202 and 2,89. Relay 29 restores relay 
20. The left inner make contact of relay 22, 
which restores after relay S$4 releases, shares 
the current load with the right inner make con-. 
tact of relay 8, and saves the latter from break 
ing the combined current for the sender link 
secondary select magnet C6 and the sender re 
lays 2309 and 23. The select magnet T06 is 
first deemergized by a separate make contact on 
relay 24, and later the two sender relays 2300 
and 230 are deenergized when relay 202 re 
Stores. Relay 29, whose operating path has 
been opened by the release of Sender connector 
relay 85, remains operated over a locking path 
through the upper outer make contact of relay 
2005, lower outer make contact of relay 2007, to 
ground on conductor 933. Further disconnec 
tions in the senderlink circuit must wait upon 
the line link circuit. 
The line link release relay 59 operates over 

the path already traced, and restores the primary 
select magnet 705 and relay 63. Relay 53 
restores relay 239 and removes ground from con 
ductor 635 to restore relay 92 in the sender 
link circuit. Relay 29 in releasing restores 
Sender link relay liff. 

In the sender link circuit, relay 92 opens the 
operating circuit of relay 3, but the latter has 
its release delayed until after relay 7 restores 
relay 09. Relay 92 also restores relay 2 GO, 
relay 23, and lock-out relay 85, while the 
last-named relay restores relay 29. Relay 73 
restores relays 98 and 2007, and opens the selec 
tion lead 79 to restore line link relay 609. 
Relay 27 desenergizes one winding of release re 
lay 208, leaving the latter operated momentarily 
over its other winding to the release lead 966 
extending to the line link circuit. Relay 908 re 
stores the operated relays 1984 etc., and relay 
205. Relays 94, etc., restore relay 96. Relay 
2305 restores 20, which has been held operated 
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thus long in order to prevent the false reopera 
tion of relays 209, etc., in a circuit through make 
contacts of relay 3, while relay 3 is Waiting 
to be restored. With the release of all relays 
which have contributed ground to the off-nor 
mal ground lead 1968, relay 302 is free to release. 
Relay 902 restores relay 920 and relay 2032. 
Relay 2032 restores any operated timing relays 
such as 2028, 2029, and 2039. A new connection 
cannot be made unless the timing circuit is reset, 
for relay 2028 must restore and reclose its upper 
break contact before relay 98 can again oper 
ate relay .992. Relay 902 also deenergizes all 
five of the relays 83, assuming their locking 
circuit.S to have been opened in a manner to be 
explained later. With the release of relays 83, 
the various Sets of test leads 23 and 228 are 
regrounded and the Sender link is again made 
available for use. 
The line link release reay i 539, besides pro 

ducing the actions already described, closes 
ground over conductor 544 through the upper 
inner continuity contacts of relay 693, and the 
winding of the latter relay, through resistance 
602 to battery. Relays 693 and 600 constitute 

a counting relay combination whose purpose will 
be explained later. Relay 600, although supplied 
With operating ground simultaneously with relay 
683, remains shunted by ground through its 

lower break Springs, through resistance 602, to 
battery. Relay 603 in operating locks to ground 
On its upper inner contacts, continues the shunt 
On relay 660, and opens its own operating circuit. 
Relay 603 also, at its upper outer transfer con 
tacts, opens the grounded conductor 649, which 
Serves to lock release relay 509 and prevent its 
restoring so long as relays f s3 and 60 are both 
operated or both normal. Meanwhile, release re 
lay 509 operates relay 56 with ground from its 
own operating and locking circuit, through one of 
its lower make contacts, conductor 545, lower 
outer make contact of relay 500, winding of re 
lay 56, to battery. Relay i56 in operating con 
nects ground from its upper outer make contacts 
to the common lock circuit of release relay 509, 
thus enabling the latter relay to verify the release 
of relay 55. The function of relay 5 6, whose 
momentary operation at this stage is without sig 
nificance, Will be discussed later. 
The line link circuit now awaits the release of 

sender link relay 73, already mentioned, where 
by ground is removed from the selection lead 
238 to restore line link relays 97 and 609. 
Relay 609 restores relays 2 and 28, and 
relay f28 breaks the release lead 966 to restore 
the Sender link release relay 2008. Line link re 
lay 67 restores relay 55, and the latter in 
releasing closes ground from its lower outer break 
contact, upper inner make contact of relay 599, 
conductor 545, make contact of relay C2, con 
ductor 037, winding of relay 808, conductor 842, 
to battery at a break contact of relay 05. Re 
lay 808 in operating opens the operating path of 
relay 80 and closes a circuit for holding relay 
805 independently of relay 720, this path being 
traced from battery, break contact 033 on relay 
05, conductor 83, winding of relay 85, con 

ductor 84, right outer break contact of relay 
804, conductor 85, right inner make contact of 
relay 808, conductor 732, break contact of relay 
806, conductor 89, right inner break contact of 
relay 82, conductor 820, left Outer break contact 
of relay 05, to ground on key to 3. Relay 808 
also, at its right hand transfer contacts, opens 
the operating path of pick-up relay 002 in the 
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both subgroups prove to be busy, the paths avail 
able ground is withheld from all the test leads 
for the group, so long as the busy condition lasts; 
and the associated line link frames are obliged 
to seek outlet through other district groups. Be 
fore consideration is given to the district re 
Serve test, the details of the district available test 
above outlined Will be explained. 

Involved in this test is that portion of the dis 
trict group equipment shown in Fig. 18. In the 
group equipment for the particular twenty-dis 
trict, group Chosen to Carry the call, the con 
nector relay ft 3 controls paths whereby the cir 
cuit is primed or put in readiness to make the 
districts available test in the group under con 
sideration. Thus relay f$3 is operated in a cir 
cuit from battery through resistance f892, wind 
ing of relay 883, conductor f726, make contact 
of relay | I | 3, conductor i T24, key 1999, conduc 
tor 94, to ground at, the lower inner make con 
tact of relay 9 S, which operates while the ten 
test relays 94, etc. are engaged in testing the 
district busy test leads f2. Relay f803 at its 
upper inner nake contact locks itself to ground, 
and at its upper outer make contact connects 
the ten busy test leads 2 through ten resist 
ances 83, respectively, to a common junction 
point on conductor 839, thence through the 
windings of relays 888 and 899 in series, to 
ground on conductor 26. At this time relays 
1888 and 89 are short-circuited by ground from 
conductor 840 supplied from conductor 26 
through a separate make contact on relay 73. 
This ground connection not only shunts relays 
88 and 809 to postpone their operation until 

the proper time, but it also short-circuits com 
pletely any of the grounded test relays 904, etc. 
whose test paths over conductor 2 may be 
open at the time because their associated dis 
tricts happen to be in use. Without this shunt, 
a test relay such as 994 corresponding to a busy 
district would tend to operate falsely from ground, 
through its winding, through resistance 899, the 
common junction point on conductor 839, back 
Over resistances 8, etc. in parallel, to locking 
battery on the upper inner make contacts of Op 
erated test relays 906 etc. representing idle dis 
tricts. The ten-district group not concerned in 
the connection has its test relays prepared in 
similar manner. Relay 807 is locked in local 
circuit, and relays f 80 and | 8 | | are short-cir 
cuited. The group busy relay 83, at its upper 
outer and upper inner nake contacts, provides in 
dividual short-circuits for relays f869 and 8t, 
respectively. 
The test equipment now remains unchanged 

until the sender link control circuit restores, 
whereupon relay T3 in releasing opens the 
shunt, around relays 808 and 80 and opens 
the operating path of relay 83. Relay 83 
remains locked, however, under control of both 
halves of the test circuit, in a path from battery, 
upper winding of relay 83, lower break con 
tacts of relays 808 and 8.0 in series, then by 
one branch through its own contact 84, to 
conductor 726 and ground on the locking Con 
tact of relay 83, and by the other branch 
through contact 842, to conductor 843 and 
ground on the locking contact of relay 807. 
Relays i 829 and í 8 I remain short-circuited at 
the contacts of relay 83. Relay 808, with 
ground supplied from relay 803, is enabled to 
make a test through resistances 800 etc. to the 
busy test leads of the associated district sub 
group A, and relay 80 makes a similar test on 
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its subgroup B. Relay 808 is comparatively 
sensitive, so that it is capable of operating 
through a single resistance such as: 89, over 
the busy test lead f 22, and so to battery through 
low resistance 220 in an idle district junctor. 
Relay 30 is identical with 898, and either re 
lay in operating registers the fact that in its asso 
ciated subgroup of ten district junctors there is 
at least One idle. Assuning fil'St tilat relay 
838 operates but relay 3 to does not, the former 

will unlock and restore relay f8 is. Relay 8:3 
Will reconnect the paths available ground from 
conductor 89 to conductor 88; but relay 803 
being operated, Will withhold the ground from 
the regular test lead 228, while relay 308, also 
Operated, will connect the paths available ground 
through its upper make contact to the reserve 
test lead 837. District subgroup A will, there 
fore, be indicated as available on a reserve basis, 
whereas subgroup B will be indicated as unavail 
able, since the operated relay 80 and the non 
operated relay 80 will withhold ground from 
both the regular and the reserve test leads. Re 
lay 399, with its shunt opened by the release of 
relay 33, is inserted into the test path in se 
ries with relay í803. Relay !808 is of low re 
Sistance and is designed to be marginal in its 
Operation, so that it will not operate on the rel 
atively Small current through the resistances in 
a. Single busy test path, whereas it will operate 
On the current through two or more paths in 
parallel. Assuming now that relay 1809 oper 
ates in the present instance, its contacts con 
nect its own low resistance winding in shunt 
with the winding of relay 883, which is de 
signed to release under this condition. 
83 in releasing opens its locking ground, and 
the ten busy test paths, and restores relay 808. 
With both relay f 803 and relay 88 normal, the 
paths available ground is removed from the re 
Serve test lead 337 and is replaced on the regu 
lar test lead 228, so that the district subgroup 
A is now indicated as containing at least two idle 
districts, and possibly more than two. The test 
apparatus for the busy subgroup B withholds the 
paths available grond from the regular and 
reserve test leads until its districts commence to 
restore, whereupon it passes through the stages 
just outlined for subgroup A. Thus each time a 
group of twenty district junctors serves a call, 
its two subgroups are automatically tested to 
see whether all their districts have been used 
up, or whether only one is left in the subgroup, 
or more than one; and suitable indications are 
set up on the test leads to inform the associated 
line links accordingly. 

Di Strict reSerye teSt 

District subgroups which contain only one idle 
district junctor apiece are held in reserve, so long 
as any other subgroup on the frame contains 
more than one idle junctor. Broadly speaking, 
the purpose of this reserve arrangement is to 
preserve for the line link frame, to the greatest 
extent practicable, the availability of outlets to 
district junctors. Since a subgroup of ten dis 
trict junctors, in order to be loaded efficiently, 
must be multipled to several line link frames, the 
seizure or use of all ten junctors occupies outlet 
facilities totaling the number of multiple appear 
ance times ten, of which total, the ten are use 
fully employed and the remainder are blocked or 
“covered.” This cover effect is attributable to 
the fact that the districts are multipled, or in 
general to the concentration of numerous con 

5 

20 

25 

30 

35 
Relay 

40 

50 

55 

GO 

65 



0. 

5 

20 

30 

40 

45 

50 

55 

60 

65 

70 

75 

2,224,251 21. 
necting paths (i.e., line links) upon a smaller 
number of outlet paths (i. e., district junctors). 
ASSuming that no provision were made for a dis 
trict group reserve test, in light traffic the cover 
effect ordinarily Would signify merely a reduction 
Of One-tenth in the outlet facilities of each line 
link frame concerned. In heavy traffic, however, 
a certain line link frame might have link outlets 
available to Only One district Subgroup While other 
line link frames had access to this district sub 
group and others besides, yet the line link frame 
in question might have its available outlet cov 
ered by reason of the seizure, at some other 
frame, of the last district in the subgroup. The 
call on the blocked frame Would thus be delayed. 
To distribute the traffic and reduce the frequency 
of Such blockades, the circuit is arranged to pre 
vent selection of the last district junctor in any 
Subgroup unless all ten of the subgroups are like 
Wise depleted, or unless the Only line links avail 
able for the call are those leading to reserve 
SubgroupS. 

In connection with the paths available test in 
the line link circuit, the ten test relays 609 etc. 
initially use Such of the regular test leads 228 
and 23 as happen to be closed to paths avail 
able grounds in various ones of the five associ 
ated Sender link circuits. It will be recalled that 
the regular test path may be opened by any of 
the following occurrences, alone or in combina 
tion: The corresponding line link may be busy; 
the corresponding district subgroup may be used 
up to the reserve point; the corresponding sender 
link circuit may not be available; none of the 
accessible sender links may be idle; for any avail 
able Sender links, the corresponding sender 
groups may not be available. Considering the 
ten paths as a whole, the frequency of occur 
rence of the district reserve condition is much 
greater than that of the other events, taken in 
conjunction or even Singly. Consequently, the 
Opening of the ten test paths and the failure of 
the regular test Within a short interval of time 
Serves as a fairly reliable indication that the 
district Subgroups have all reached the reserve 
point. In Such case the ten test leads as they 
emerge from the line link circuit are Switched 
from the regular to the reserve test paths, and a 
retest is made in connection with the reserve dis 
trictS. - 

The district reserve test feature is controlled 
in part by relays 56 and 57. Relay 57 is 
operated early in the connection over a path from 
battery, winding of relay 577, thence by one 
branch through the left outer break contact of 
relay 597 to conductor f348, and by another 
branch through the lower Outer break contact of 
relay 5S and the lower inner break contact of 
relay 15 i5, to conductor 548, then over conduc 
tor 548 to ground at a make contact of relay 
203. Shortly afterward relay 56 operates in 

a path from battery, winding of relay f 5f 6, lower 
outer make contact of relay 500, conductor 545, 
upper outer make contact of relay 57, con 
ductor 650, lower break contact of relay 67, 
conductor 65, contact of relay 02, conductor 
f040, branching conductor 254, to the sender 
link circuit, through a lower break contact of 
relay 83, to ground. From the viewpoint of 
the sender link frame, each district group busy 
relay 3:3 supplies a separate conductor 1254 to 
each line link frame on which the district group 
has an appearance. From the viewpoint of the 
line link frame, there is one conductor 040 per 
frame, with five branch conductors 254, one 

branch for each district group serving the line 
link frame. Or, since the district groups in gen 
eral are terminated at different sender link 
frames, there will be one branch conductor 254, 
from the line link frame to each of the five as 
Sociated Sender link frames. The opening of all 
five of the branch conductors i 258 deprives line, 
link relay 6f 6 of its operating path and thus in 
dicates that the line link frame has no outlets. 
available; but so long as any of the branches re-lo. 
tains its ground, relay 5f 6 remains operated to 
show that at least one district group, with its as 
sociated sender link circuit, is available. Relay 
5ft, which is made sufficiently slow in releasing 

to more than cover the time required for the reg-, 15. 
ular test, has one branch of its operating path 
opened when relay 5f 6 operates, and the other. 
branch opened when relay 507 operates at the 
completion of line registration. The latter event 
therefore marks the starting point of the timing. 20. 
If the regular test is not accomplished within the 
allowed time interval, the release of relay 57. 
closes ground from conductor 548, already 
traced, through the lower break contact of relay. 
55, lower armature and make contact of relay. 25. 
1516, lower break contact of relay i51, conduc 
tor 549, make contact of relay O2, conductor 
104, winding of relay 1204, to battery. Relay. 
204 in operating transfers the ten test paths, 
032, etc., from the regular test paths 228, etc., 30. 

to the reserve test leads 1837, etc., respectively. 
These reserve leads f837, etc., will have been 
connected to paths available ground in the vari 
ous sender link circuits as already explained, pro 
vided the corresponding district subgroups each. 35; 
retain one idle district junctor, and provided also 
that the other conditions affecting the paths 
available lead have been met. The line link cir 
cuit then makes a selection from among the 
reserve district groups, following the usual pro 
cedure. 

It will be noted that a reserve test lead such 
as f837 is normally connected to paths available 
ground through the upper break contacts of 
sender link relay f808, when relay 1803 is nor- 45 
mal and the district subgroup is not set for the 
reserve test. This connection comes into use. 
when the associated sender link circuit has been 
momentarily busy and has occasioned the reserve, 
test, although the group of districts concerned 50, 
may not have been used up to the reserve point. 
The non-reserve district subgroup is thus ten 
abled to participate in the retest, in competition 
With the reserve subgroups. • . . . . . . . . 

The short time interval measured by slow-re- 55 
lease relay 57, being intended to cover only the 
actual testing time, cannot start while the test 
is delayed through some condition such as the 
momentary occupation of all district junctors. 
Such an event is attended by the operation of 
all relays 8 i 3 in the sender link circuits con 
cerned, with the result that line link relay 5, 6 
is deprived of all its sources of operating ground. 
Relay 56 falls back and recloses the energizing 
path of slow relay 57; and the test conditions 65 
must be reestablished and relay 56 again op 
erated, before slow relay 57 can be again de; 
energized to start the timing. - , , 
A separate timing arrangement measuring an 

interval longer than that of the reserve test fea-70. 
ture but shorter than the alarm interval of the 
starting circuit, is provided in connection with 
the district group test to detect unusual delays. 
If for any reason the district group test is delayed 
for an interval exceeding that measured by the 75. 
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delay timing circuit, the latter circuit records a 
count On its register and releases the line link 
control circuit. Hence the call in progress is 
compelled to give Way to other Originating traffic. 
At this stage also the circuit arrangement permits 
the intrusion of terminating traffic, for in such 
case the terminating marker is allowed to release 
the control circuit and take possession of the line 
start circuit. The minimum time interval meas 
ured by this delay timing circuit is approximately 
12 seconds. 
The delay tinning feature is started by relay 

508, which operates after the position of the 
calling line has been recorded. Relay 588 con 
nects ground from its upper make contact, over 
conductor 550, a make contact of relay 28, 
conductor f256, to the armature contact of in 
terrupter 553. When interrupter 553 closes its 
right-hand contact, it causes relay 554 to Oper 
ate and lock to ground on conductor 556. Relay 
554 prepares a circuit whereby relay 555 is op 

erated and locked to ground on conductor 256 
after interrupter 553 has measured its interval 
of 1% seconds, minimum, and has closed its left 
hand contact. Relay 555 energizes traffic regis 
ter f356 and locks itself under control of the reg 
ister to insure the operation of the latter. Relay 
555 also connects ground over conductor 557, 
upper break contact of relay 24, conductor 
257, a make contact of relay 2, conductor 
042, lower inner make contact of relay 588, 

conductor 55, upper break contact of relay 
i 5 Í 5, assumed to be normal on account of delays, 

542, chain circuit wired through 
right-hand contacts of test relay 609, etc., as 
sumed normal on account of delays, conductors 
652, winding of release relay 509, to battery. 

Release relay 509 restores the line link control 
circuit to free it for new calls. If district group 
test and selection proceeds on either a regular or 
a reserve basis within the interval measured by 
the delay timing circuit, the release of the con 
trol circuit is canceled, because the operating 
path for release relay 509 is opened by one or 
more of the test relays 609, and later by relay 
f55. Terminating calls upon reaching the line 
frame always connect ground Over conductor 
258 to the disconnect path above traced. Such 

a call Will immediately dismiss the line link con 
trel circuit and seize the starting circuit without 
waiting for the delay timing circuit to function, 
provided operations have reached the stage, just 
mentioned, at which the position of the calling 
line has been recorded but no district group se 
lection has been made. - 

Sender group reserve test 
Since a sender group is multipled to several. 

sender link frames, the sender links giving access 
to that Sender group are subject to the same kind 
of COWer effect that has been explained in connec 
tion. With the line links. The Sender groups, like 
the district groups, are furnished with a reserve: 
test feature which diverts traffic from groups con 
taining a single idle sender and which thereby 
holds Such groups as reserve Outlets for the aSSo 
ciated Sender links. 

It has been shown that initially the ten sender 
group test relays 209, etc., can find grounded 
test paths only When the corresponding Sender 
groupShave more than one idle Sender each. The 
regular test thus made starts when the test paths 
for relay 209, etc., are closed by relay 7.3; it 
continues with the operation of a lock-out relay 
such as relay 85, and the locking in of the pre 
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ferred test relay such as 289; and it ends with 
the operation of gate relay 2. The time al 
lowed for the regular test is measured by the 
combined operating times of line link relay 67, 
f55, i2 and 299, and sender link relays 7 f, 
1994, 96 and 20. Relay 200 in operating 
transfers the ten paths for the test relays 209, 
etc., shifting them to corresponding reserve test 
leads 249 in the various sender group circuits 
associated with the sender link frame. If during 
the time interval thus measured the regular test 
has shown no results, the test is repeated on a 
reserve basis, using the various leads 2.49 and 
their grounds supplied through break contacts 
of relay 2 . Unless the sender group is momen 
tarily engaged by another sender link control cir 
cuit, relay 2 will be normal at this time and 
will keep the reserve test leads grounded. Fur 
thermore, unless the sender group is entirely 
busy, its master busy relay 2 | 05 and its individ 
ual busy relays such as if 4 on the various sender 
link frames will be normal and will leave intact 
the test paths leading to the sender group in 
question. Consequently, a continuous test path 
to ground. On reserve lead 259 designates the 
corresponding sender group as one which is suit 
able for selection on a reserve basis. The test 
relays 209 accordingly repeat their test, this time 
in connection with reserve groups of senders, and 
sender group selection is then made in the man 
ner already described. : 

it will be noted that the normally grounded 
condition of leads 2:49 adfinits to the reserve test 
not only those sender groups which are strictly 
in the reserve class, but also any sender group : 
which at the moment attains non-reserve status 
through the release of one of its busy senders. 
Timing features-Sender linic control circuit 

i automatic reilease due to ti'affic delays 
If the sender link control circuit is unduly de 

layed in sender group selection it will automat 
ically dismiss the line link control circuit to give 
the latter a second trial, and will itself restore 
to normal. No alarm will be given in such case, 
for the line trasfer is recognizabe aS a traffic 
delay. 

Relay 232, whose operation at an early stage 
of the connection has already been described, 
starts the timing by supplying battery through 
resistance 2333 and 2:34 to relay 2029 and 2030, 
respectively. Interrupter 283 is designed for 
open and closed intervals of approximately A. 
second each. Upon the first closure of the in 
terrupter following the operation of relay 2032, 
ground from the interrupter is supplied through 
the left inner or continuity contacts of relay 2029 
to operate the relay in an obvious circuit through 
resistance 2833 to battery. Relay. 2829 operates 
and locks itself, opening its ground operating 
path. Relay 233 remains normal at this time, 
being shunted with interrupter ground con 
nected through its right or continuity contacts 
to the winding terminal which is supplied with 
battery, through resistance 2034. When inter 
rupter 23 opens its contact, it removes the 
shunt from relay 2030, allowing the relay to op 
erate from ground supplied by the locking con 
tact of relay 2029. Relay 23) in operating opens 
its own shunt path and prepares a shunt path 
for relay 2029. About 4 second later, the re 
closure of interrupter 23 shunts relay 2G29 to 
normal, but relay 2:29 at its left inner or con 
tinuity springs maintains a holding path for 
relay 2030 under control of the interrupter. With 
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into service, leaving the last relay 83 for the 
district group just used to be restored when re 
lays 833, 83, etc., perform their usual test. 
Thus in the tinning operations, just described the 
Sender link circuit, after dismissing the line link 
circuit early in the fourth time interval, remains 
guarded throughout the rest of that interval, and 
the entire half-second of the fifth interval, so 
that meanwhile the line link circuit may be ex 
pected to have found an outlet through another 
senderlink frame. The Senderlink is left in con 
dition to serve other calls, but the minor alarm 
continues in operation until key 2003 is operated 
to release relay 2902. Relay 2027 also remains 
operated under control of relay 2002, keeping 
lamp 224 lighted to indicate the frame in 
trouble. 

False Starts 

If the calling Subscriber disconnects at some 
point after the line link is deprived of holding 
control over the connection, but before the sender 
link relay 98 comes up to operate hold magnets, 
both circuits will be restored to normal without 
delay. As has been shown before, the release of 
the subscriber's line relay restores relays 5 and 
508, and relay 508 at its upper outer break con 

tact grounds a control lead which Will be found 
entering the sender link circuit as conductor 25i 
in Fig. 18, branching over conductor 844, through 
key 969, conductor 97, lower break contact of 
relay 98, assumed normal, conductor 92, 
upper outer break contact of relay 2005, Winding 
of relay 29, to battery. Relay 2007 at its upper 
contacts connects ground to conductors f$4 and 
942 to operate district group test relays 803 and 
1807 and prepare them to make their usual test. 
Relay 2 (97 also operates release relay 2008 and the 
latter relay grounds the release lead to the line 
link circuit, from ground at the lower outer break 
contacts of relay 2005, conductor 2054, upper 
inner make contact of relay 96, whose operation 
must be awaited, conductor 2055, lower inner 
contact of relay 2807, lower inner armature and 
make contact of relay 2008, conductor 2050, lower 
middle contact of relay 98, conductor 965, and 
so by a path already traced to the line link cir 
cuit, where it operates release relay 509. From 
this stage, the line link circuit and the sender 
link circuit are restored to normal after the 
manner already shown. 

If the calling Subscriber disconnects after re 
lay S 8 operates, the abandoned call cannot be 
recognized as such until after the sender has 
progressed to the point of testing the dialing tip 
and ring leads for the line closure. With the con 
nection extended to the Sender, the sleeve test 
Will be made and relays 2935, 2006, and 23 
operated as usual; but because the Sender at this 
time must Wait for a closure across the tip and 
ring conductors before it can take control of the 
connection, it refuses to restore the sender link 
and accordingly withholds the release lead 
ground whereby relay 2087 normally operates. 
The Sender link timing circuit, after measuring 
an interval of one second, operates relay 284 to 
release the connection. The first half-second, 
following the operation of relay 2029 on the pick 
up impulse, is occupied by the opening of the 
interrupter and the operation of relay 2939. Dur 
ing the next half-second the interrupter closes 
and relay 2929 restores, relay 2030 remains op 
erated, and relay 2029 operates. The next open 
ing of the interrupter restores relay 2030 and 
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causes relay 2014 to operate in a path traceable 
from ground, upper make contact of relay 2028, 
upper make contact of relay 2032, left break con 
tact of relay 2030, upper outer break contact of 
relay 2025, lower middle contact of relay 2013, 
winding of relay 284, conductor 2056, the chain 
circuit through the right inner contacts of re 
lays 9:4, etc., to battery at the locking circuit 
of the operated one. Relay 24 operates relay 
2Cl6 if key 20 7 is thrown, so that the “false 
start' meter 2 5 registers a count. Relay 204 
also operates relay 2807 in a path traced from bat 
tery, Winding of relay 2007, upper make contact 
of relay 204, conductor 2048, and a path already 
traced to the Sender, and so to ground at a break 
contact of sender relay 2303, non-operated at 
this time because the sender has failed to find the 
line closed. Relay 2007 operates relay 2008, and 
the latter operates the line link release relay in a 
path traceable from ground, lower inner make 
contact of relay 204, conductor 2054, upper inner 
make contact of relay 96, conductor 2055, lower 
inner make contact of relay 2007, lower inner 
make contact of relay 2008, conductor 2050, lower 
middle break contact of relay f 98, restored by 
relay 288, conductor 965, and then by a path 
already traced to the winding of release relay 
5S in the line link circuit. Both line link and 

Sender link now restore after the manner pre 
viously described, and the calling line originates 
a new call. 
Although meter 2015 has been referred to as 

a false start meter its main use is to aid in the 
recognition of open-circuit troubles in the tip and 
ring paths through the sender link circuit. Prob 
ably but a Small proportion of the true false 
Starts which affect the sender link will be re 
COrded on the false start meter, because it is 
expected that few such calls will terminate with 
in the short time intervening between the opera 
tion of the hold magnets and the point at which 
the Sender tests the line conductors for closure. 
False start of this class will of course defeat the 
tip and ring continuity test in the sender, just as 
a tip and ring open circuit between line frame 
and Sender Will do, and in either case a count is 
made on the meter when the timing circuit comes 
into action to clear out the connection. 

It Will be noted that the false start feature is 
not introduced unless the connection has reached 
the Sender, as is indicated by the operation of re 
lay 203 to close the circuit of relay 2014. It 
should be noted also that the failure of the tip 
and ring continuity test may be due to failure of 
Some kind within the sender itself. Or, the trou 
ble may lie in the line link frame, although this 
is unlikely because the terminating marker has 
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facilities for detecting and recording continuity 
troubles of the sort. But on the whole there are 
few possible trouble conditions aside from an open 
tip and ring in the sender link frame which 

60 

are able to cause the false start meter to oper 
ate, and therefore the latter trouble, together 
With false starts, may be assumed as the sources 
of registration on the meter. The two sources 
are undistinguishable from each other until the 
records of Several Sender link frames are com 
pared; and then upon the assumption that false 
starts are equally numerous on all the frames, 
a predominance of counts on the meter of one 
Sender link frame Will point to the presence of 
actual trouble somewhere in the tip and ring 
conductors extending through that frame, 
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2,224,251 
relay 2029"normal and relay 2030 operated, relay 
2028 is operated in an obvious path, and is locked 
through the upper make contact of relay 2032 to 
ground On its OWn upper make Contact. ASSun 
ing that the district test has been made but not 
Sender group selection, either on a regular or a 
reserve basis, the operation of relay 228 closes a 
circuit for operating relay 200, from battery, 
through the winding of relay .289, lower inner 
make contact of relay 2028, conductor 295, 
break contact of relay 9 9, lower outer make 
contact of relay 96, conductor 969, left outer 
chain circuit on relays 232, 2020, 28 9, etc., 
lower outer break contact on relay 298, conduc 
tor 933, over a path already traced to ground on 
a make contact of relay 3. Relay 200 in 
operating opens ground from lead 2035, which 
is the selection lead used in holding relays 669 
and 6 in the line link control circuit. Relay 
6f restores relay 55, and relay 639 causes the 

release of line link relays i 2. , f and í 29. 
The link line contirol circuit is roW free to select 
another district junctor group. In the sender 
link circuit, relays is 3, , is and 73 now 
restore. Relay 3 restoires relay 938, and the 
latter relay restores the operated relays 984, 
etc., and relays 934, etc., in turn restore relays 
920 and 9 S. Relay 3 also restores relay 

20 which at its left inake contact has been 
holding ground on conductor 937 to keep relay 
92 operated. Relay 92 now falls back and 
causes the release of tinning reiays 2332, 2829, 
2838, and 2838, and opens the operating paths of 
the five relays 83 which have been guarding the 
sender link frame against Seizure. The relay 
83 aSSociated with the district group just OCCu 

pied by the connection is the last of the five to 
restore, and it does so when the district group 
test relays, i 803, 808, 869, 807, 18 0 and í 8 f, 
have performed their usual test. The sender 
link circuit and the district group in question are 
again available and may be reseized by the line 
link circuit just dismissed, although the latter 
event is unlikely if the line link circuit has at 
the moment available outlets to other Sender link 
frames. Short trafic delays in connection with 
sender group selection cannot cause the dismissal 
of the line link circuit; for if sender group se 
lection proceeds within the allotted half-second 
interval, as it usually will do, the test relays 209, 
etc., will open the operating path of relay 26. 
Automatic release trader trouble conditions 
If the connection proceeds as expected during 

the first half-second interval, but fails to clear 
through the Sender link circuit within a full sec- i 
ond more, the unusual delay may be attributed 
to circuit trouble of SOne SOrt. Under Such cOn 
dition an alarm is given and relay 280 is op 
erated to di SmiSS - the i line link circuit aS de 
scribed before, but in this case the Sender link is 
held busy for an extra half-second interval to 
allow the line link to select a different sender link 
frame, if one is available. 
From the explanation already given it can be 

seen that after the initial or pick-up closure of 
interrupter 23, the first half-second interval 
to be measured is marked by the interrupter 
opening, the operation of relay 23), and the 
continued operation of relay 2929; that the sec 
ond such interval is marked by the interiupter 
closure, the release of relay .229, the operation 
and locking of relay 23.28, and the continued op 
eration of relay 239; and that the third Such 

23 
interval is marked by the interrupter opening, 
the release of relay 2030, the continued non-op 
eration of relay. 2029, and the continued opera 
tion of relay 2028. 
Three intervals totaling one and one-half 

Seconds have now been measured. On the next 
interrupter closure relay 2029. again operates and 
closes ground through its left Outer make con 
tact, lower outer make contact of relay 2928, right 
break contact of relay 2027, key 2083, winding 
of relay 2002 to battery, operating the relay. Re 
lay 2002 operates the minor alarm pilot relay in 
a circuit from ground jack 2000, upper outer 
make contact of relay 2002, conductor 2953, to 
battery through the Winding of alarm relay 22. 
Relay 2:27 signals a minor alarm by lighting 
lamp 2.28 and operating ringer 229. Relay 2062 
also locks itself under control of key 203 and 
closes ground through its lower inner make con 
tact to operate relay 2027. Relay 2027 lights 
lamp 2024 and at its right-hand contacts Switches 
to the winding of relay 2025 the ground used just 
previously in operating relay 2002. This ground 
not only operates relay 2025, but it also operates a 
trouble meter in the sender link circuit over a 
path traceable from the winding of relay 2325, 
conductor 2653, key 909, conductor 970, make 
contact of relay 73, conductor 46, to the line 
link circuit, contact of line link relay 28, con 
ductor 259, winding of relay 214, and battery. 
Relay 24 energizes trouble register 12 5, and 
locks through its upper Winding to ground on the 
break contact of the register to insure the oper 
ation of the latter. Relay 24 also locks to 
ground through a make contact of relay 23, in 
order to prevent more than one registration per 
call. The Sender link circuit itself records a, 
count of the trouble on its register 29, which 
is operated by relay 2025 over an obvious circuit. 
Relay 2025 also locks itself to off-normal ground 
and grounds conductors 94 and 942 to insure 
the operation of relays 803 and 87. Relay 
2025 moreover operates relay 29 in a circuit, 
from battery, winding of relay 20 C, lower outer 
break contact of relay 200, upper outer make 
contact of relay 2925, left outer break contact 
of relay. 2939, upper make contact of relay 2832, 
to ground at the upper make contact of relay 
2028. Relay 200 in operating opens the ground 
from selecting lead 2035 to dismiss the line link 
circuit by the method already explained. Al 
though most of the relays in the Sender link 
control circuit are now released, by a process al 
ready covered, the Sender link circuit is guarded 
against reseizure for the rest of the fourth half 
second interval now under consideration, and 
throughout the fifth Such interval as well. 
the remainder of the fourth interval the follow 
ing sender link relays remain operated; relays 
902, the make busy relays 83, the district group 

relays 803, 1807, etc., relay 98 and alarm cir 
cuit relays 2032, 2029, 2028, 2025, 2927, 2016, and 
2002. At the beginning of the fifth half-second 
interval, relay 2030 operates and opens the circuit 
of relay 2010, but the other relays named con 
tinue operated, because relay 2029 holds ground 
on the off-normal lead through contacts of relay 
2025. When the interrupter again closes at the 
end of the fifth interval, relay 2029 restores and 
removes ground from the Off-normal lead to re 
lease relays 2025, 98, and 902. Relay 982 re 
stores relay 2032, and the latter relay restores 
relay 2028. Relay. 992 also releases four of the 
five relays f83 to put the Sender link circuit back 
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2.224251 25. 
Sender link trouble indication and use of emer 

gency control circuit 
A holding circuit is provided in connection with 

the sender link control circuit to assist in the 
location of troubles whose presence has already 
been announced by a minor alarm. With the 
holding circuit made ready, a recurrence of the 
trouble brings in a major alarm and causes the 
sender link circuit to be held in whatever posi 
tion it has reached. The setting of the control 
circuit then shows how far the call has progressed 
and indicates the circuits involved, such as the. 
district group, the available districts in the group, 
the sender sub-group, and the Selected Sender. 
The line link frame involved is indicated by the 
fact that this frame is made to time out and 
throw over to its mate control circuit, by a proceSS 
to be described later on. The sender link hold 
ing feature should be used only under close main 
tenance supervision, because the holding equip 
ment when operated removes from Service the 
sender link frame with its associated one-hun 
dred districts, together with a sub-group of send 
6S 
The holding equipment, consisting of hold jack 

2006 and relays 20 i and 90, is ordinarily not. 
used until after some sort of trouble blocks the 
call and permits the alarm circuit to operate 
relays 2002 and 2007. Relay 2002 remains locked 
and actuates the minor alarm until key 2003 is 
operated to unlock the relay and silence the 
alarm. The holding feature is then introduced 
by inserting a short-circuited plug into jack 2000. 
The circuit of the minor alarm is opened at the 
inner break contacts of the jack, and relay 200 
is operated in a path through the ring contact 
of the jack and the short-circuited plug, to 
ground on the jack sleeve. Relay 200 at its 
upper make contact prepares the circuit. for the 
major alarm, and at its lower inner make con 
tact prepares an operating circuit for relay 90. 
Relay 268 also, at its lower break contact, opens. 
the circuit of relay 209 to keep the latter relay 
from dismissing the line link circuit. The send 
er link frame continues to serve calls, and at the 
next appearance of trouble relay 2002, operates. 
and locks in the usual Way, operating the ma-. 
jor alarm pilot relay in the circuit from ground 
at the upper make contact of relay 2001, conduc 
tor 257, winding of pilot relay 224, to battery. 
Relay 2.24 at its upper transfer contacts opens: 
the circuit of the minor alarm and lightS lamp 
2 25, and at its lower make contact operates the 
gong 2.26 to sound the major alarm. Relay 2003 
also closes ground from its lower inner make con 
tact, through the lower inner make contact of 
relay 2001, conductor 2058, to operate relay 1910. 
Relay 9 at its right-hand make contacts locks: 
the operated relay 92, etc., and at its left in 
ner make contact grounds conductor 933 to keep 
relay 993 operated and the off-normal lead 
grounded, thus insuring the eventual release of 
relay 90 itself before the sender link circuit 
can be put back into service. Relay 90 at 
its left outer break contact removes ground from 
conductor 96 to cancel the double connection 
test, which may have failed initially because of 
a cross between the selected sender link and a 
busy sender link, but which might attempt to 
proceed if the busy sender link should become 
idle. Relay 9) also, at its left outer make con 
tact, grounds conductor 973 to light, lamp 95 
through the lower outer contact of relay 91. 
as an indication that the connection has reached 

the stage where the hold magnets have started 
to operate. This same ground on conductor. 93 
is also carried through the upper middle make 
contact of relay 2065 and the bottom break, con 
tact of relay 2013, to light lamp 2012, When the 5 
double connection test fails. 
The sender link is thus held in the position at 

which the failure occurred. The district group 
involved will be indicated by the Operated relay 
92, although the record of the district Sub- 10: 
group and the selected district may be Wiped out 
by the automatic release of the line link circuit 
and the consequent release of sender link relays 
i.7 and it 9. The identity of the district Sub 
group-may be inferred after noting the idle dis-, 5 
tricts and comparing their location against the 
setting of the district test relays 1984, etc. The 
individual district concerned can be known from the operated hold magnet of the Secondary line, 
link switch, if the call has progressed that far. 20. 
The sender sub-group is shown by the operated. 
relay 209, and the individual Sender by the: 
operated relays 209 and 2 2. 
After all available data of the kind just men 

tioned have been noted, the emeregency control. 25. 
circuit may be substituted in place of the regul 
lar one, and traffic resumed on the frame. The: 
transfer is manually performed, by first restor 
ing the normally operated key 999 to detach 
the frame: leads from the regular control circuit. 30. 
and then operating emergency key 9s to switch 
the frame leads to emergency control circuit 914. 
One emergency key is is furnished for each 
sender link frame, the armature contacts being 
Wired to the frame leads and the front contacts 35: 
wired to common leads extending to the emer-. 
gency circuit. Elamp 9i aSSociated with key. 
i 9-serves as a guard lamp to Warn against dou 
ble operation of the keys, and it gives a ready 
indication of the frame on which the emergency 40 
circuit may have been connected for use, Wheth 
er for ordinary maintenance purposes or other 
WSe: 
The regular control circuit may be examined 

for trouble While the Sender link frame is being 
served by the emergency control circuit. If now 
the alarm. condition is repeated with the emer 
gency circuit, which is in good working order, 
the control circuit is eliminated as the seats of 
the trouble. 50: 

Miscellaneous maintenance features-Sender link: 
control circuit 

In the district group circuit of Fig. 18, jack. 
í8í2. Provides means for removing a. group of 
tWenty districts from service. The insertion of 
a plug into jack 8:2 breaks the paths available 
test lead. 89, and operates the group busy re 
lay 83 in an obvious circuit. The break con 
tacts associated with the tip and ring of the 60; 
jack Open... the paths controlled by thes make 
contacts of relay 869 and 8 , respectively, 
making possible the adjustment of these relays: 
without interference from battery through re 
sistances 802 and f806, ... - 65. 
In the sender group. circuit of Fig. 21, jack 

2.08 provides means for removing from service 
a sender sub-group together with the sender 
links: giving outlet to that sender sub-group on 
the various sender link frames. When a short-70 
circuited plug is-inserted into the.jack, relay 2013 
is operated in an obvious circuit. Relay. 207 
operates relay 205, and the latter relay connects. 
battery from its right-hand make contacts over. 
leads: such as conductor 2157 to operate all the 75. 
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26 
group busy relays 7 4 for that Sender sub-group 
on the various sender link frames. Each relay 
74 at its upper break contacts opens its por 

tion of the branches which feed ground to the 
five paths available leads, and at its lower break 
contact it opens the path whereby the sender link 
control circuit tests the sendergroup under con 
sideration. The latter test paths for the var 
ious sender link frames converge into a single 
path, which as already shown passes through 
transfer contacts of the reserve test relay 200, 
whence the regular test path extends through 
break contacts of relays 20 and 205. Relay 
205 in operating thus provides an immediate bar 
against access to the busy group, While the var 
ious relays 74, with their break contacts, block 
the reserve test as the group becomes busy and 
insure their own release as the group becomes 
again available. 

It will be noted that the master busy relay 
205 operates not only from the busy jack but 
also over conductor 258 and the Series circuit 
threaded through the left inner make contacts of 
the individual sender busy relays 212, etc. When 
all Senders in the group are thus busy with traf 
fic, a count is made on the sender group busy 
register 204. Ground from conductor 258, 
through the armature and break contact of re 
lay 207 and a make contact of relay 205, oper 
ates relay 203, and the latter operates the meter. 
The meter is made inoperative by relay 207, 
when the make busy jack is in use. 

Sender load register 
A Sender load register device may be furnished 

in Connection with the Various Sender sub-groups 
to record the number of times a certain per 
centage of these groups become Simultaneously 
busy. When the master make busy relay 205 
for a sub-group operates, it connects ground from 
its left Outer make contact, through resistance 
230, to the left-hand winding of relay 25, the 
latter relay being common to a number of sender 
sub-groups. Relay 25 is a polarized relay - of 
the permanent magnet type, and its two windings. 
are differentially connected. The right-hand 
winding of the relay will be cross-connected 
through terminal blocks 26 and 2 7...to some 
one of the aSSociated resistances, of . Which re 
sistance 28 has the lowest value and the others, 
counting upward, have differing values graduated 
in corresponding order. Hence, with resistance 
28 connected in the circuit, the greatest cur 
rent will flow from ground through the relay 
right-hand winding and the resistance, to bat 
tery, the direction of the current being Such as 
to non-operate the relay. The design of the re 
lay and of the resistances is such that under this 
condition the relay Will remain non-operated un 
til its left-hand winding receives sufficient oper 
ating current to prevail over the right-hand 
winding and the polarizing effect of the relay 
structure. In the assumed case this point is 
reached when six resistances 230 contribute cur 
rent for operating relay 2 fi5, or in other words 
when six Sender Sub-groups become busy simul 
taneously. Relay 25 operates relay 220, and 
the latter operates register 29. Relay 220 also 
operates relay 22 which locks to key 222, lights 
lamp 223, and brings in a minor alarm by Oper 
ating relay 227. As soon as one of the senders 
involved becomes idle, its sub-group is again 
available, so that the corresponding relay 205 
falls back and removes ground from its resistance 
230. The operating current of relay 25 is 

thereby reduced sufficiently to let the right-hand 
winding, aided by the polarizing magnetism, re 
store the relay to normal. Relay 220 and reg 
ister 2? ?9 then restore, but relay 2?2? and the 
alarm remain in operation until restored by the 
operation of key 222. - 
To show the significance of the load register 

feature, let it be assumed that ten sender Sub 
groups are associated with the same register cir 
cuit, and that the latter circuit is connected to 
function when six branches of its operating path 
become grounded. The load register 29 will 
then record the number of times that 60 per cent 
of the senders become busy at the same instant, 
while the ten registers 204 will show how many 
times the various sub-groups become busy indi 
vidually. 

Line linic control circuit-Rotation of district 
group preference 

Each time the line link circuit restores after 
a call, it alters the preference arrangement which 
governs the choice of a district group to insure 
that on the next call a different group is selected. 
Without such a shift, the calling subscriber might 
be unduly delayed or blocked altogether by trou 
ble occurring somewhere in the preferred route 
through district group and Sender link frame, 
because in periods of light traffic the same faulty 
channel might be encountered at every attempt, 
With the circuit as arranged, however, the call 
ing. Subscriber will be assured of a change in 
route whenever he is obliged to abandon his first 
call and try again. 

Relays 600 and 603 in the line link control 
circuit are used to rotate preference. It has al 
ready been shown how these relays, after remain 
ing normal for One call, are operated by release 
relay 509 and left operated in preparation for 
the next call. Relay 603 in operating transfers 
the four leads used in connection with the ten 
test relays 609, etc., to effect a choice of dis 
trict, group and sub-group. The transfer con 
tacts of relay (603 are wired to terminal block 

| 604, to be cross-connected at Will to the termi 
nal blocks 605, etc., subject to the rule that the 
break contacts of relay. 603 shall connect to the 
even or odd test relay of a certain district 
group, while the make contacts of relay 603 
shall connect to the corresponding test relay of 
a district. group adjacent, either preceding or 
Succeeding. For example, in the arrangement 
shown, the break contacts of relay 603 are con 
nected to the armature Springs of relay 62, 
which is the second or odd numbered test relay 
for the fifth district group; and the front contacts 
of relay f 603 are connected to the armature 
springs of relay 60, which is the second or Odd 
numbered test relay of the first district group. 
For the sake of uniformity, line link frames will 
be wired alike and only at long intervals will 
cross-connections be changed in order to dis 
tribute Wear over the line links. It may be noted 
in passing: that since the preference arrange 
ment is associated with two adjacent district 
groups, the originating traffic will tend to crowd 
or "pack' upon these district groups and hence 
upon the corresponding line links. If now the 
terminating marker is arranged to pack the ter 
minating traffic upon the same links, the remain 
der of the links serve as overflow outlets, which 
by remaining free tend to facilitate the matching 
of paths on terminating calls. In other words, 
the packing, arrangement just described tends 
to reduce the cover effect on the line links, as regards terminating traffic. 
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2,224,251. 
With relay 603 normal, preference will be 

given to the second sub-group in the fifth dis 
trict group, while with relay 603 operated the 
preference is shifted to the second sub-group in 
the first district group, so that in the latter 
case the call is routed to a different Sender link 
frame. After the next call the preference is 
shifted back again; for when the line link cir 
cuit next releases, relay 603 is shunted to nor 
mal when release relay 509 operates, and relay 
SO is released when relay 59 restores. 
Line link control circuit-Traic lockout 
When calls originate simultaneously in differ 

ent horizontal groups, the group receiving Service 
is locked out or denied service for the rest of 
its lines until after the other Waiting groups have 
each placed one call. This arrangement prevents 
groups with preferred location in the Starting 
chain from monopolizing the line link control 
circuit and thereby causing undue delays on calls 
from groups less favorably situated. 

During disconnection of the line link control 
circuit, relay 88 operates, as has been shown, and 
restores reiay 3E aid he group start reiay 2) 
which by reason of its preferred position has 
baen responsible for the call just completed. AS 
Sunning other group start reiays such as 72 , 
722, etc., to have operated at the outset, simul 
taneously With relay 25, these other start relays 
Will have remained locked around the break con 
tacts of connon gate relay 23, through break 
contacts of the respective relays 9, to line re 
lay grounds controlled by the various calling Sub 
scribers. Consequently, with Orne or more Of the 
star, relays 2, 22, etc., held operated after 
start relay 2 releases, relay : 5 does not re 
lease but is held over to the next call, which is 
aiowed to start when relay 8.8 is restored by the 
release of control connector relay .2. Gate 
relay 23 remains operated under control of relay 
85, to exclude horizontal groups not entitled to 
Sery?ice at te rrent. Relasy 88 in relea,Sing 
lets relay 3 operate in the custorinary manner 
through a make contact of relay 85, and the 
new call proceeds as usual, preference being given 
to the horizontai group whose start relay is lowest 
in tile series chain. At each release of the line 
lirik. cGintro circuit, relays 80s and 23 are held 
over and one start relay is eliminated. The rer 
lease of the last group start reiay permits relay 
25 to restore, and relay 305 releases gate relay 

i 3 t? adimit, calls from alii Waiting groups. It 
Willi þe, nced that the varios start reläays i 6, 

, etc., of the duplicate or B start train are 
free to operate while the A start chain is in 
operation, since gate relay is reiaains normal. 
Neverteless the ES tain is ineffective at this 
time because its raster start reliay 86 is kept 
inoperative by the corresponding start, relay 305 
in te Å trairi, 

The terrinating marker in completing a call 
to a certain line frane first gains access to that 
frame through the line choice connector circuit, 
not sicWri in these drawings, and then testS to 
de?D? e whether or not the line link control 
circuit is occupied With an Originating call. If 
te lite lirik giroup is So Cccupied, the marker 
waits, meanwhile making a busy test on the sleeve 
Gf the Suiscibe's line. Upon the release of the 
line ink; control circuit, the terminating marker 
is given its tuiti, and thereafter, so long as both 
originating aid terminating calls are Waiting, the 

27 
two kinds are served alternately. Once having 
seized the start circuit of the line link frame, 
the terminating marker neutralizes the line link 
control circuit and gains acceSS through the hori 
zontal group connector relay (relay 7 (3) to the 
ten line links which serve the desired line. The 
secondary select magnets of these links are oper 
ated locally by the horizontal group connector 
relay, and the primary select magnet for the line 
link to be used is operated from the marker after 
the latter has tested the sleeves of the Various 
incoming links, line junctors, and line links, and 
has selected a channel through a combination 
of the three. The marker next cperates the 
varicus hold ragnets of the selected channel, the 
Secondary hoid magnet of the line link Serving 
to connect the line junctor to the line link, and 
the primary hold magnet connecting the line link 
to the subscriber's line. Finally, the marker 
nakes certain tests of the connection and of the 
line and then releases itself. The connection is 
held from the incoming selector, through the me 
dium of the sleeve conductor aid the various hold 
magnets. 
The marker in testing the line link start cir 

c.it uses a double Wound test relay, Whose low 
resistance windings are connected between 
ground and leads 3&4, and 363 of the line link 
frame. Lead 844 extends to the Winding of relay 
808 in a path including the left outer break con 
tact of relay 84, paralleled by contact 84 on 
relay 809, conductor 845, right inner break con 
tact of relay 8i, Winding of relay 83, conductor 
842, to battery at a break contact of relay C 5. 
Lead 843 goes to the winding of relay 37, by way 
of the left Outer break contact of relay 35, pair 
alleled by break contact 8li on relay 88, con 
ductor 846, right inner break contact of relay 
83, winding of relay 3, conductor 869, to bat 
tery at a break contact of relay E4. If an orig 
inating call is under way, relay 88 will have its 
circuit opened by relay 3E), and relay 8. Will 
have its circuit opened by relays 3 and 85 to 
gether, so that the double Wound test relay in 
the imarker Will fail to find an i Operating pati. 
The marker will tiherefore be obliged to Wait, 

but in the reaintine it tests the sleeve of the 
wanted line over conductors 8 and 37, Winding 
of hold magnet $5 to battery. If ground is al 
ready present on the winding of hold ragnet 
64, the marker recognizes the line as busy and 

releases at once. ASSunning the line to be idle, 
hGWever, the marke waits Until the lºne link con 
trol circuit, upon disconnecting, operates relay 
88 in a local circuit already traced. Relay 8.8 
operated holds relay 85 and restores relay 8, 
and the latter closes leads 854 and 843 to the 
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windings of relays S8 and 8 respectively. R3 
lay SG7 immediately provides a battery path for 
One of the Windings of the marker test relay, 
and the two reiays operate in Series. The local 
operating ground for relay 88 overlaps momen 
tarily with ground from the second Winding of 
the marker test reiay tö insüre the COntin Lied 
Operation of reiay. 38 and thus to lock out orig 
inating traffic inti the delayed terinating cal 
has been served. The marker test relay is able 
to operate over its one winding alone in series 
With relay 32 through its other winding shortly 
Supplies additional energy . When the operating 
ground is removed from relay 8. Relay 88 
locks itself around the break contacts of relay 
80, and relay 80 locks around the break Con 
tacts of relay 899, for a purpose to be explained 
later. Both the A and the B start trains are 
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80 from operating, and relay 805 does the same 
for relay 804. 
The marker, upon receiving from its double 

Wound test relay the signal to proceed, Connects 
ground over conductor 738 to operate relay 709 
for the horizontal group containing the called 
line. Relay 99 gives notice of its operation by 
closing together the check leads 759 and 760, and 
operates the ten select magnets 72 at the Sec 
Ondary end of the line links giving access to the 
horizontal group. Relay 709 also connects into 
the marker the ten link sleeves over a path in 
ciuding conductors such as 750, make contacts 
of relay 9, conductor 84, upper break contact 
of jack 8. , conductor 840, and so through the 
line choice connector circuit, to ten test relays in 
the marker. Each sieeve tap 750 is also con 
nected by a branch path and through a Sepa 
rate make contact on relay 709, through re 
tardation coil 5, to battery, this path Serving, 
in the case of idle links, to operate the corre 
sponding marker test relay. The operating path 
for the primary select magnets 705, which are lo 
cated on the various cross-oar Switches serving 
the horizontal group, may be traced from bat 
tery through the Windings of select magnets 705, 
conductor i 54 or the branch conductor 755, front 
contact of relay 29, conductor 76, to ground 
in tile terminating marker. To complete the 
connection, secondary hold magnets 73 is oper 
ated from the marker over lead 763, and line 
hold magnet 704 is operated over leads 747 and 
788. Both of these hoid magnets lock themselves 
to the Sieeve conductor and close their respec 
tive sets of cross-points. Line hold magnet 704 
at its bottom break contacts detaches the line 
relay circuit from the line conductors. The 
marker now tests for continuity of the sleeve Cir 
cuit and of the line conductors, and then re 
stores the ine choice connector circuit. Relay 
79 and the select magnets 2 and 705 are re 
stored, but the hold magnets remain locked over 
the sleeve conductor to ground Supplied by the 
incoming junctor circuit. Upon the release of 
the marker, relays 807 and 808 are restored, the 
Jattar restoring relay 865 if no originating calls 
are waiting. A Waiting originating call, how 
ever, with its operated group start relay 20, 
etc., serves to keep relay 805 operated, and the 
latter relay upon the release of relay 808 oper 
ates relay $33, to operate the control Connector 
relays. Although relays 89 and 808 control the 
operating paths of each other, relay 80 will op 
erate bafore the line choice connector can again 
seize the line link frame to reoperate relay 808, 
so that at this time a Waiting Originating call is 
assured of preference over a Waiting terminat 
ing call. After the originating call has been 
served, relay 868 again operates, to give prefer 
ence to a terminating call, as has previously 
been shown. Thus, in periods of heavy traffic 
the originating and terminating calls are han 
dled alternately. In this connection, it will be 
remembered that when an originating call seizes 
the control circuit, and encounters certain slight 
traffic delays, a terminating call is then per 
mitted to displace the originating call and take 
over the start circuit for its own use. Another 
occasion in which the terminating call is favored 
over an originating call arises When the two at 
tempts to seize the common start circuit simul 
taneously. As has been shown, relays 808 and 
8) of the A start train control each other's Op 
erating paths, and relay 808 locks independently 
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now blocked, because relay 808 prevents relay of relay 80. This arrangement is intended to 

halt any vibrating or “buzzing' action which may 
be set up when the two relays are energized at 
the same instant, and to insure the locking of 
relay 808, with resultant advantage to the ter 
minating call. Relays 807 and 809 of the B start 
train are similarly arranged. 
Both relays 807 and 808 start their respective 

timing circuits. Relay 80 grounds its inter 
rupter 00. With ground through conductor 850 
On relay 889, right-hand operated transfer con 
tacts of relay 807, conductor 85, to interrupter 
í 80 í. Relay 808 similarly grounds its interrupter 
903 with ground through break contact 852 on 

relay 80, right-hand operated transfer contacts 
of relay: 808, conductor 835, to interrupter 003. 
The operation of the timing circuit will be de 
Scribed later. 

Emergency operation of line link frame 
airs of line link frames are provided With 

interconnections Which enable either frame of a 
pair to make emergency use of the control circuit 
of its mate, although each normally uses its own 
control circuit. This transfer arrangement, With 
its duplicate equipment and its automatic oper 
ation, is designed to insure the least possible in 
terruption to Originating, traffic if trouble Occurs 
at a time of day When the maintenance Over 
sight is reduced. A time alarm is provided on 
seach frame to effect the transfer if necessary and 
to announce any trouble, Whether in the con 
trol circuit or elsewhere, which delays the call 
beyond a set limit. 
As has been shown already, duplicate start 

equipments, each consisting of horizontal group 
relays, master start relays, a timing circuit, and 
control connector relays, are furnished on every 
line link frame. The A start equipment, shown 
at the right on Figs. 7, 8, 10 and 12, causes the 
various frame leads to be connected into the local 
control circuit, which for convenience may be 
referred to hereinafter as the H control circuit 
of the home or H frame. The B start equipment, 
shown at the left on Figs. 7, 8, 10 and 12 con 
nects the frame leads from the H frame across 
to the mate or M frame and so to the M control 
circuit. Figs. 9, 11 and 13 show the principal 
portions of the A and B start equipments of the 
M frame, the right to left order being reversed 
to emphasize the Symmetrical relationships and 
to facilitate an understanding of the interlock 
ing features of the pair of frames. Fig. 14 throws 
into relief the leads directly concerned with the 
Starting. Operations. It should be understood 
that any description given below in connection 
with the home or H frame applies equally to the 
mate or Mi frame, for the two are identical. 
The A start train is quicker acting than the 

B train and disables the latter under normal 
conditions So as to route the connection to the 
local control circuit. If the A train of the H 
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frame is blocked or delayed through some fault 
of its own, the B train takes charge and routes 
the connection across to the nate control cir 
cuit, the B start train of the H frame being in 
terlocked with the A start train of the M frame 
to prevent seizure of the M control circuit from 
both points at once. The M frame, Without Wait 
ing for its own control circuit to become idle, 
may use its B start train to cross back to the H 
control circuit, which presumably is in Working 
order. Thus in the assumed case the two frames 
may use each other’s control circuit momen 
tarily, but the transfer is not permanent and 
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each frame always tries to use its own control 
circuit before seeking the Opposite one. - 

If the A start train on the H frame is actuated 
properly but the connection is halted by trouble 
in the H control circuit, the A start train after 
an interval of from five to ten seconds is dis 
abled by its timing circuit, and a minor alarm 
is brought in. The B train is therefore per 
mitted to Operate and carry the connection across 
to the M control circuit. Thereupon the M 
frame, finding its own control circuit in use, may 
cross by way of its B start train to the H control 
circuit, only to be blocked there by the trouble 
assumed. When after five to ten seconds the M 
frame has its 3 Stait circuit timed-out and elimi 
nated, the M frame is restricted to the use of its 
A start train and its own control circuit. The 
M control circuit thereafter carries the load 
from both frames, but the one control circuit 
serves the two frames alternately by reason of 
the interlocking arrangement provided for the 
pUrplOSe. 

If the trouble which causes the H frame to 
throw over through its B start train to the M 
control circuit lies somewhere in the frame leads, 
the trouble may affect the emergency connec 
tion likewise. The B start equipment on the H 
frame will then be eliminated by its timing Cir 
cuit, and the Astart train will be activated; and 
next the call will revert to the B start train, and 
So on. The H frate Will neWertheless afford 
Service for most of its lines. As Will be shown, 
the circuit arrangement undertakes to restrict 
the number of troubles capable of producing the 
reaction mentioned, so that the disturbance can 
arise only through some fault associated with a 
Small portion of the lines, such as a horizontal 
group. Other groups, being free from the local 
ized treble, Will be able to break in at the end 
of the time-out delay, and so receive service. . 

Warious maintenance features are provided, 
Such as exercise jacks for the A and B start 
trains, and make busy equipment for the control 
circuit, and these Will receive consideration at 
the proper time. 
Momentary transfer to opposite control circuit 

It has been shown that an originating call 
causes two group start relays to operate, such as 
relay 129 in the A train and relay 76 in the B 
train, and that these in turn energize their re 
spective master start relays 805 and 894. Relay 
823 is made slow operating in comparison with 
Irelay 835 So that the latter ordinarily opens the 
circuit of the former, to disable the 3 start train. 
However, should group start reiay 729 fail to 
operate, or should the circuit of relay '85 be 
opened, the latter relay would fail to operate and 
relay 834 would do so instead. Relay 804, in 
operating, at its right outer break contact opens 
the circuit of relay 835 to disable the A start 
trgin, and at its right inner nake contact starts 
its timing circuit by connecting ground to the 
break contact of the right-hand transfer springs 
on relay 30, over conductor 35, to the armature 

Relay S84 operates 
relay 339 in a circuit, from battery at the break 
contact of relay conductor Winding of relay 
839, conductor 9., to relay 99 on the mate 
frarie, tin rough the right inner break contact of 
relay 919. assumed normal, conductor 942, left 
inner make contact of relay $34, contact 825 on 
eay S. conductor 824, to giound previously 

i.raced in operating relay 883. Relay 89 oper 
ates the connector relays of the B start train, 
using grounds supplied from the M control cir 

the M control circuit. 

the control of group start relays 76, etc. 

29 
cuit Overleads i 39 and 320. Ground from con 
ductor i 39 is connected by a make contact on 
relay 809 to conductor 853, through the winding 
of relay 20, to battery on a break contact of 
relay -04. Ground from conductor 320 is con 
nected by a make contact of relay 809 to conduc 
tor 854, through the windings of relays 1200, 
f22, 207, and 22 in parallel, to battery on 
conductor 288 supplied from a break contact of 
relay Oil. Relay 020 locks itself through the 
contacts of relay 809 by grounding conductor 
f 43, and relay 22 does the same for its group 
of relays by grounding conductor iO44. The five 
connector relays 820, 200, 202, 207, and 22 
of the B start train connect the frame leads 

0. 

from the H frame into the mate control circuit in 
the sane maraner that the corresponding con 
nector relays of the A start train customarily 
establish connection with the home control cir 
cuit. The transfer operation may be illustrated 20 
with a single lead, namely, one of the conductors 
which are tapped off the sleeve leads of the line 
links. This conductor, numbered 3 where it 
enters Fig. 10, appears on armature springs of 
both connector relays it2 and 20, and with the 
latter relay operated the path extends by way of 
conductor 945 across to the nate frame and SO 
into the M control circuit. Examination of Fig. 
14 Will make clear the relationship of the two 
frames to their control circuits. 
The home frame is now in possession of the M 

control circuit which, being a duplicate of the H 
control circuit, is able to perform the Same func 
tions. After completing the connection, the M 
control circuit reaches back to operate relay 807 
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35 

in the B start train, over a path traceable from 
battery at the break contact of relay 04, con 
ductor 849, winding of relay 807, conductor 855, 
make contact of relay 820, conductor iO46, to 

Relay 80 in operating 
opens its break contact 825 to restore relay 809, 
which in turn restores connector relays O2.0, 
200, 202, 27 and 22 to dissociate the H. 
frame from the M control circuit. Relay 807 at 
its right inner make contact closes an obvious 
path for holding relay 804, subject of course to 

With 
the release of the connector relays, relay 807 has 
its circuit broken unless a terminating call is 
waiting, in which event the terminating connec 
tion is served next. 
The mate frame is denied access to the M con 

trol circuit as soon as relay 809 of the H frame 
operates, for the latter relay controls the path 
by which the master start relay 905 and its asso 
ciated relay 90 normally operate. The path for 
relay 905 may be traced from battery, break con 
tact of relay 5, conductor 23, winding of 
relay 995, left outer break contact of relay 904, 
left outer break contact of relay 907, conductor 
920, conductor 92, left outer break contact of 
relay 809, conductor 857, break contact of jack 
105, conductor 24, to ground at the make con 

tacts of the operated group start relay, not shown. 
The circuit of relay 90 may be traced from bat 
tery-on-conductor 23, Winding of relay90, con 
ductor 99, left inner break contact of relay 809, 
conductor 856, right middle make contact of 
relay 905, break contact of right transfer springs 
on relay 1908, to conductor 920 and the ground 
just traced for operating relay .905. Thus the 
Astart train of the M frame is disabled When the 
H frame actuates its B start train to seize the M 
control circuit. The M frame is not obliged to 
wait, however, because with its A start train 
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held out of action, its B start train is made oper 
ative to seize the H control circuit. Master start 
relay 904 of the B. train operates in a path trace 
able from battery at a break contact of relay 
if f 4, conductor f 25, winding of relay 904, left 
outer break contacts of relays 905 and 908 in 
series, conductor 922 to the H frame, left 
outer break contact of relay 8 fo, conductor 858, 
break contact of jack 06, conductor if 26 to 

10 the B group start relays, not shown, and ground 
at an operated contact of one of these relays. 
Relay 904 operates relay 909 over a path extend 
ing from battery on conductor 25, already 
traced, winding of relay 909, conductor 923, left 
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inner break contact of relay 80, conductor 859, 
right inner make contact of relay 904, right 
transfer break contact of relay 907, to conductor 
922 and a ground path already traced for oper 
ating relay 904. Relay 909 operates the five con 
nector relays 20, 300, 302, 307, and 32 
whereby the M frame leads are switched across 
to the H control circuit. The operating path for 
connector relay 20 runs from battery at a break 
contact of relay if f 4, through conductor 27, 
Winding of relay 20, conductor 28, a left make 
contact of relay 909, conductor 924, conductor 
836, and by a path previously traced to ground 
in the H control circuit. The operating circuit 
of connector relays 300, 302, 307, and 32 
runs from battery at a break contact of relay 

4, over conductor f 29, through windings of 
the four relays in parallel, conductor f32, left 
outer make contact of relay 909, conductor 925, 
conductor 837 and a path previously traced, to 
ground in the H control circuit. 
relays Connect the frame leads from the M frame 
into the H control circuit, one such lead for ex 
ample being that from the sleeve of a line link 
This lead, entering Fig. 9 as conductor 926, 
passes through a break contact of jack 90, to 
conductor 22, through a make contact of con 
nector relay 20, to conductor 30, across to 
the H frame, to conductor 626 and by a path 
previously traced, to the H control circuit. 
Having served the M frame, the H control cir 
cuit frees itself in the usual way by operating 
relay 907 over a circuit traceable from battery, 
break contact of relay if f 4, conductor 43, 
winding of relay 907, conductor. 927, make con 
tact on relay 920, conductor 932 to the H frame 
and over conductor 546 to the H control circuit. 
Relay 907 restores relay 909, and the latter re 
leases the five connector relays 20, etc., to 
detach the H control circuit from the M frame. 

- On the next call the M frame can pick its own 
control circuit provided the latter is not engaged 
by the opposite frame; for master start relay 
905. Of the A train can now operate through the 
normally closed contacts of relay 809 to switch 
the call through the accustomed channel. When 
the M frame is in possession of its own control 
circuit the B start train on the H frame is dis 
abled, for relays 894 and 809 of the B train both 
have their operating paths opened by relay 9 O. 
Continuous transfer to opposite control circuit 
The transfer may be effected by the start cir 

cuit time alarm if the connection is delayed for 
an interval of five to ten seconds. Master start 
relay 805 of the A start, train connects ground 
to conductor 834, through a break contact of relay 
808, to conductor 835, and so to the armature 
of interrupter OG3. This interrupter is designed 
to remain closed on its break contact for a small 
fraction of a second, to pass slowly from its break 

The connector . 
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to its make contact, producing an open interval 
of approximately five seconds, to close its make 
contact for a small fraction of a second, and to 
complete the cycle by a rapid return to its break 
contact. ASSuming the interrupter 003 to have 
its break contact closed at the outset, ground 
from conductor 835 Will pass through the inter 
rupter break contact, over conductor 047, to the 
right transfer and break contact of relay 82, to 
conductor 860, winding of relay 002, to battery. 
Relay foo2 in operating locks to ground on con 
ductor 835 and prepares an Operating circuit for 
relay 82 traceable from the make contact of 
interrupter 003, right outer make contact of 
relay 002, upper break contact of jack OO4, 
conductor 0.48, winding of relay 82 and battery. 
Relay 002 thus serves as a pick-up relay, whose 
Operation is made to coincide With the beginning 
of the five-second interval as a guarantee that 
no Shorter interval than this can be measured off. 
The maximum interval may, of course, be as 
much as ten seconds if the interrupter has just 
Opened its break contact before having its arma 
ture contact grounded. If with pick-up relay 
002 operated the connection for any reason is 

delayed until the interrupter closes its front 
contact, relay 82 will then operate over the path 
already traced, and will lock through its right 
inner or continuity contacts, over conductor 820, 
left outer or continuity contacts of relay of 5, 
break contact of key O3, and ground. The 
same ground which locks relay 82 is extended 
through the left outer make contact of relay 8 2, 
conductors 879 and 835 to the lock circuit of relay 
002 and the armature of interrupter 003. Re 

lay 82 upon Opening contact 86 of its contin 
uity springs breaks the source of ground where 
by the group start relay 720 has been keeping 
relays 805 and 89 operated. Relays 85 and 
80 restore, the latter releasing the five con 
nector relays f02, etc., to disconnect the H con 
trol circuit. The group start circuit of the A 
train meanwhile is held in place by relay 8 2, 
which at its left inner make contact grounds 
conductor 735, to hold gate relay 723, and at its 
right outer make contacts continues ground on 
conductors 838 and 225 to hold relays 720 and 
7 fo respectively. The horizontal group involved 
in the time delay is thus locked out for the 
moment, but another waiting group, which may 
have operated its group start relay such as 77 
in the B train, may proceed immediately upon 
the release of relay 805 to operate relay 804 of 
the B train and so gain access to the mate control. 
circuit. 

Relay 82 also prepares the circuit for operat 
ing relay of 5, in a path treaceable from battery, 
winding of relay of 5, conductor 0.50, make con 
tact of right-hand transfer springs on relay 82, 
conductor 047, to the break contact of inter 
rupter 003. The interrupter soon opens its 
make contact and returns quickly to its break 
contact, operating relay to 5. Relay O 5 locks 
in a circuit extending through the right outer 
break contact of relay 04, conductor 05, left 
middle break contact of relay 8ff, conductor 862, 
right outer break contact of relay 906, conductor 
928, locking contact 052 on relay of 5, to ground 
on a break contact of key O3. The left outer 
or continuity contacts of relay of 5 remove from 
conductor 820 the ground just used for operating 
this relay and for holding relays 82 and 002, 
but first these contacts supply a substitute 
ground over conductor O53, to contact 863 on 
relay 8 2. From there the ground is carried 
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through the right transfer contacts of relay 8f 2 
to conductor 47, break contact and arnature 
of interrupter 03, to conductor 835, thus hold 
ing relays 002 and 82 so long as the interrupter 
remains on its break contact. Supplementing 
the holding ground just traced is that supplied 
from relay 05 through its locking contact 052, 
and the locking path traced, to the winding of 
relay 05 and the path including conductor 
050 used in operating the relay. This back-up 
path from the locking contact of relay C5 is 
not yet called upon to hold the relays mentioned, 
for the same purpose is served by the continuity 
contacts on relay f 5 which close ground to coin 
ductor 053 before opening ground from conduc 
tor 820. Relay of 5 upon operating disables the 
A start train by removing battery from the wind 
ings of relays 805, 808, and 80 and from the five 
connector relays 92, 20, 23, 208 and 23. 
The frame alarm lamp 89 is lighted with 
ground applied by the right inner make contact 
of relay 5, and the minor alarm is actuated 
in obvious manner when the alarm pilot relay 
007 operates in a circuit traceable from battery, 

winding of relay 97, conductor 0.55, left outer 
break contact of relay 0 , contact 54 on relay 
05, to ground. When interrupter f03 opens 

its break contact, it severs the locking circuit 
of relays 002 and 82. Relay 82 restores the 
group start relays 720, 723 and 8 to remove the 
lock-Out restriction from the horizontal group 
just involved in the time delay, enabling this 
horizontal group to take its turn. With the others. 
Relay (5 remains locked under control of key 

3 and keeps the minor alarm in operation. 
With the A start train inoperative, master start 
relay 804 of the B start train is free to operate 
and Steer calls from the H frame across to the 
M control circuit. 
The M frame, unlike its opposite, retains ac 

cess at this time to either of the two control 
circuits, for upon finding its own control circuit 
in use, the M frame may employ its B start cir 
cuit to seize the H control circuit. Assuming 
now that the trouble which originally blocked 
the H frame resides in the H control circuit, the 
M frame Will likewise encounter the trouble and 
Will be blocked until its B start train times out. 
The time alarm features of the A. and B start 
trains on both frames are identical, with the 
exception of one or two minor wiring differences 
which will be pointed out, and the details of 
operation need not be repeated. In the present 
instance the timed interval ends with relay 4 
operated and locked to key 3, and with the B 
start train on the M frame disabled. Fron this 
point on, the both frames are forced to use the 
M control circuit, the M frame by way of its. A 
start frame and the H frame through its B start 
train. The single control circuit serves the two 
frames alternately as will now be shown. 

Ordinarily, the B start train of One frame and 
the A start train of the other frame are inter 
locked in such manner that relays 884 and 869, 
for example, have their operating paths con 
trolled by relay 90 on the opposite frame, while 
relays 935 and 9 in turn have their operating 
paths controlled by relay 89. In the present 
case, however, with alarm relays 9:5 and 4 
locked up, relays 804 and 95 are each made 
independent of the opposite frame, while their 
companion relays 89 and 9 remain mutually 
interlocked as before. In detail, the operating 
circuit of relay 804 normally extends from bat 
tery, through a break contact of relay il 4, con 

31 
ductor 82, winding of relay 884, right outer 
break contacts of relays 85 and 8t.8 in series, 
conductor 824, contact. 929 on relay 90, con 
ductor 94, break contacts on jack 506, to con 
ductor 023 and so to ground already traced. 
Contact 929 on relay 9 is now eliminated from 
this path by a short circuit traceable from con 
ductor 824, conductor 826, make contact 358 
on alarm relay 5, to conductor 23. Sini 
larly, the operating circuit of relay 995 normally 
extends from battery, a break contact of relay 
f : 5, conductor if 23, winding of relay 985, left 
outer break contacts of relays 94 and 98 in 
Series, conductor 928, conductor 93A, left outer 
break contact of relay. 899, conductor 857, break 
contacts of jack 5, to conductor 24 and so 
to ground already traced. The left outer break 
contact on relay 3S is now eliminated from this 
path by a short circuit traceable from conductor 
92), over conductor 930, right middle make con 
tact of relay 4, to conductor 24. 
Assuming first that the M frame has posses 

sion of its own control circuit, the H frame al 
though obliged to Wait, is free, to operate relay 
854 of its B start train since this relay is now 
locally controlled. After the M frame has been 
served, relay 98 in its A train is operated from 
the control circuit, to hold relay 985 and restore 
relay 93. Relay 99 restores the five connector 
relays to free the control circuit, and recloses 
the circuit, whereby the operated relay 894 is able 
to energize its associated relay 839. Relay 889 
operates immediately and breaks the operating 
path of relay 9), thus locking out the M frame 
before the five connector relays and relay 998 
on the latter frame have had time to fall back 
and reestablish the operating circuit of relay 99. 
With relay 838 operated, the H frame operates 

its corresponding set of connector relays and 
so takes possession of the Mi control circuit. 
Meanwhile, a waiting call on the M frame may 
have reoperated relay 995, or may have held the 
relay operated from the preceding call. The MI 
frane thus Waits until the H frame has been 
served and has had its relay 89 operated, and 
then, upon the release of relay 869, the IM frame 
is enabled to operate its own relay 9:3 and again 
take its turn. With the control circuit. 
ternate action occurs whenever one frame reaches 
the waiting position while the opposite frame is. 
engaged With the Single control circuit. The all 
ternation is dependent upon the interlocking ar 
rangement Which enables either frame to exclude 
the other upon seizure of the control circuit, but 
Which momentarily obstructs the lock-out fea 
ture of the frane just served in Order to give 
advantage to the waiting frame. 

Certain interlocking arrangements between 
the two frames are worth noting. First of all, as 
has iust been shown, master start relay 84 in 
the B start train of the H frame, and the cor. 
responding relay 985 in the A start train of the 
M frame, are each rendered independent of the 
opposite frame under the trouble conditions as 
sumed. Under normal conditions, however, these 
relays are controlled in part from the opposite 
frame, and the reason for this can now be ex 
plained. The A start, train relay 905 of the M 
frame has its operating path normally controlled 
by a break contact on the B start train relays 
of the H frame. The reason for this arrange 
ment has been touched upon already under the 
heading 'Momentary transfer,' but it may be 
briefly restated here. If the H frame, when not 
permanently transferred, uses its B start train to 
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32 
reach the M control circuit, the M frame there 
by has its quick acting A train disabled, in order 
that the slow acting relay 804 of its B train may 
function. Lacking such an arrangement, the H. 
fianne would be deprived of the use of its B 
train and of the M control circuit, under the 
conditions assumed. 

Next, let relay 804 be considered. This relay, 
constructed to be somewhat slower in operation 
than the corresponding relay 895 in the A train, 
is expected to give the A train the advantage SO 
that calls will normally be routed to the H COn 
trol circuit. However, if relay 804 through weak 
ened adjustment or other fault should operate 
faster than relay 85, the connection would be 
routed down the B Start train to the M con 
trol circuit. Such unnecessary intrusion upon the 
ME frame is prevented by the break contact on 
relay 90 which, if open, prevents relay 804 from 
operating. This contact may therefore be con 
sidered to supplement the feature by which the 
opposite B train is normally Subordinated to itS 
asSociated A train. 

Lastly, it will be noted, with reference to re 
lay 80 of the H frame. A train and the corre 
sponding relay 909 of the M frame B train, that 
whereas the two relays control each other's oper 
ating paths, the former relay is arranged to lock 
independently of the latter relay. This arrange 
ment is intended to prevent 'buzzing' on the 
part of these relays when both are energized Si 
multaneously, and it tends to give advantage to 
the H frame when both frames are competing for 
the H control circuit. 

Tet it be assumed that the trouble which 
causes the H frame to throw over to the M con 
trol circuit lies among those leads which relate to 
a single horizontal group of lines. In particular, 
assume a broken or open lead 724, associated 
with line relay 06 in a certain horizontal group 
The result Will be, first the failure of line regis 
tration in the control circuit, and next, operation 
of time alarm relay 05 in the A start train, to 
transfer the H frame. The same trouble will now 
affect the M control circuit which the H frame 
seizes through its B start train, So that a time 
out will again occur and relay 04 will oper 
ate. Just before relay of 4 operates, however, 
relay will have broken the locking circuit 
of relay 5 in the A start train, thus restoring 
the A train to service and establishing a locking 
circuit for relay to 4. With relay C4 operated 
and the B train made inoperative, the A start 
train and the H control circuit resume opera 
tion. A recurrence of the time-out releases re 
lay 4 to reactivate the B start train and Oper 
ates relay 5 to disable the A train. Hence, 
the horizontal group affected with the trouble 
causes the H frame to transfer back and forth 
from one control circuit to the other, but at 
each shift the group is momentarily locked Out 
to grant admission to other groups on the frame. 
Thus it is seen that the frame circuit under 

takes to provide service despite localized trouble 
of the kind assumed, and since the inconvenience 
is comparatively limited in extent the trouble in 
dication is given with the minor alarm. Only. So 
far as practicable, frame troubles capable of pro 
ducing a more general effect are precluded by 
reinforcing the circuit. For example, conductor 
249 extending between relays 23 and 28 in 

Fig. 12 might, if open, block all traffic on the 
frame. Therefore, this lead is furnished in du 
plicate, and as an added precaution, since the 
lead is multipled, the duplicate conductors are 
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separated and then attached at extreme points 
on the multiple. 
Maintenance features-Line link frame chart 

chain eacercise idcks 
Since both the A and the B start trains at 

tempt to give service on every call, the blocking 
of one train allows the other to function, and yet 
it gives no alarm indication. Troubles producing 
this effect may be detected by routining the 10 
trains separately through the use of an exercise 
jack with which each train is provided. When 
the exercise jack of the A train is operated With 
a plug, it disables the B train and forces calls 
through the A train to the home control circuit. lis 
Similarly, the exercise jack of the B train dis 
ables the A train and forces calls across to the 
mate control circuit. It is intended that Only 
one exercise jack shall be used at a time, for if 
the two jacks on a frame are operated at Once 20 
they make each other ineffective. 
Jack 006 is the exercise jack for the A start 

train. The break contacts on this jack disable 
the B start train by opening the operating path, 
already traced, for relay 804. Originating calls 25 
are thus forced through the A train to the home 
control circuit, so that troubles tending to inter 
fere with the A train will be revealed. The make 
contact on jack C96 connects conductor f022 to 
conductor 818, thus short-circuiting that portion 30 
of the operating path of relay 805 which includes 
the break contacts of jack 05 and the right 
outer break contact of relay 909, in series. The 
effect of the shunt at this time is to make relay 
895 wholly independent of the mate frame B 
start train in case the latter should come into 
use, but another effect will be pointed out short 
ly? 

In like manner jack 95 serves as the jack 
for the B start train. With a plug inserted, this 40 
jack breaks the operating ground path for relay 
895 of the A train, thus enabling relay 804 of the 
B train to operate on every call and divert the 
traffic across to the M control circuit. Jack f O05, 
through its make contact, also closes a path 45 
traceable from conductor 023, over conductor 
024, make contacts of jack 005, conductor 826, 

to conductor 824, to short-circuit that portion of 
the operating path of relay 804 which includes 
break contact 929 on relay 910 and the break con- so 
tacts of jack 096, in series. Relay 804 is thus 
placed on an equal footing with relay 905 in the 
M frame A start train, and the two frames now 
use the M control circuit alternately. 

If both exercise jacks are put into use at the 55 
same time, the make contacts on one jack will 
undo the effect of the break contacts on the 
other. Suppose, for example, that jack 005 is 
in use to exercise the B start train. The break 
contacts of this jack open the ground source for 60 
operating relay 85 of the A train, while the make 
contact of the jack renders relay 884 independent 
of jack 006. If now jack 006 becomes operated 
its break contacts are unable to disturb relay 895, 
while its make contacts reestablish the operating 
circuit of relay 805. Both master start relays, 
804 and 805, have now been restored to their nor 
mal relation With each Other. 

Control circuit make busy feature' 70 
Each start circuit contains make busy equip 

ment which enables the maintenance man to re 
move the control circuit from service, together 
with its associated start circuits consisting of the 
home frame A train and the mate frame B train. 
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With its make busy feature, in operation, the 
home frame routes its calls through its B start 
train to the mate control circuit, and mainte 
nance work may be carried out on the equipment 
removed from service. A guard lamp is lighted 
when the control circuit is made busy, to serve 
as a reminder that the double load upon the Op 
posite control circuit may occasion extra delays 
in periods of heavy traffic. If a time alarm oc 
curs while one control circuit is plugged busy and 
the other control circuit is serving both frames, 
the frame whose timing circuit has functioned 
will be deprived of service. Under this condition 
a warning is given with the major alarm, in place 
of the minor. Similarly, the major alarm is 
brought in if both frames have their make busy 
equipment operated at the same time, for under 
this condition both frames are put Out of Service. 
The make busy equipment for the home frame 

consists of make busy jack 883 and relay 86, 
and associated with it is the guard lamp 802, com 
mon to all frames. When a short-circuit plug is 
inserted into jack 803, ground from the jack 
sleeve is fed through the plug to the jack con 
tacts, operating relay 886 and lighting guard lamp 
802. Relay 886 at its right-hand break contact 
864 opens the ground path already traced for 
operating relays 85 and 80 of the A start train. 
With the A start train rendered inoperative, the 
B train comes into action and transfers the frame 
to the mate control circuit. Relay 84 at this 
time operates independently of the mate frame. A 
start train, to insure alternate service between the 
frames, as already explained. Relay 804 also op 
erates independently of exercise jack fo6, and 
of relays 85 and 80 of the home frame Astart 
train, in order that the latter train may be sub 
jected to maintenance repairs without causing in 
terference. The shunt path which frees the oper 
ating circuit of relay 884 from the various con 
trol points just mentioned, may be traced from 
conductor 822 at the winding of relay 804, through 
the upper make contact of make busy jack 803, 
conductors 878, 824 and 827, right inner make 
contact of relay 86, to conductor 828 and so to 
the ground source already traced. In similar 
manner, the make busy equipment. Supplies a 
shunt path to modify the operating circuit of 
relay 93 on the mate frame, this path extend 
ing from conductor 93 at the winding of relay 
905, through the lower make contact of jack 893, 
make contact 866 on relay 806, conductor 865, to 
conductor f 24 and the ground source already 
traced. This shunt path makes the nate frame 
A start train independent of its associated B start 
train, to allow for maintenance on the latter. 

If the H frame, whose make busy jack is as 
Sumed operated, times out in connection with the 
mate control circuit, it causes a major alarm. Its 
B start train is not permanently locked out of 
Service, however, because the trouble causing the 
stoppage may be localized in the equipment of 
one horizontal group of lines, and it is desirable to 
give service on the remaining horizontal group. 
Relay ffl í, which controls the major alarm, oper 
lates in a circuit extending from battery, winding 
of relay Off, conductor (57, make contact 867 
on alarm relay 8 of the B train, conductor 868, 
contact 869 on make busy relay 86, to ground. 
Relay locks to ground on key 93, lights 
lamp iO2 to indicate the frame in trouble, opens 
the path including conductor í 655 to cancell the 
minor alarin, and at its right inner contact con 
nects ground to conductor 058 to operate the 
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alarm pilot relay to 6. Relay of 6 in operating 
opens the circuit of the audible minor alarm, 
lights lamp Oil, and actuates the device 08 to 
give a major alarm. Relay 04, which Operates 
in the usual manner at the end of the timed in 
terval, cannot lock operated in the present case, 
because its locking circuit has been opened by 
make busy relay 806. This locking path may be 
traced from the winding of relay of 4, over con 
ductor 059, break contact 870 on relay 82, con 
ductor 8, right outer break contact on relay 
I of 5, conductor 060, right outer break contact 
of the operated relay 866, conductor 872, locking 
contact on relay of 4, to ground on key of 3. 
Since this locking circuit for relay 0 4 iš broken 
as stated, the relay restores in due time and does 
not disable the B start train, so that repeated 
calls can be put through or at least attempted. 
Relay to keeps the major alarm in operation 
until attention is given to the trouble and key 
03 operated to restore the relay. 
If, with the H frame make busy feature in op 

eration, the M frame is the one which encounters 
a time-out delay, the major alarm is operated 
from the M frame. The frame is permitted to 
continue in operation, because the alarm relays 
of its A start train are denied a locking path. The 
path by which relay f 5 normally locks is trace 
able from the winding of the relay, through the 
left outer break contact of relay i? 4, conductor 

33, right middle break contact of relay 9 || II, con 
ductor 932, left outer break contact of relay 806, 
conductor 873, lock contact 34 on relay 5, to 
ground at key f3. Hence, with make busy relay 
896 operated, alarm relay 5 cannot lock up, 
and the release of the latter relay puts the A train 
of the M frame back into service. The operating 
circuit for relay extends from the winding 
of the relay, over conductor if 35, through the left 
inner make contact of relay 806, conductor 874, 
contact 933 on relay 9 2, to ground. Relay fif 
in operating locks to key 3 and substitutes the 
major for the minor alarm in the manner already 
described for relay fell. 
The operation of the make busy equipment on 

both frames at the same time would put both 
frames out of action, but Would give immediate 
Warning by means of the major alarm. Make 
busy relay 806 on the home frame cuts out the 
H control circuit by breaking the operating 
grounds of the associated start trains; namely, 
the A train of the H frame and the B train of 
the M frame. Likewise, make busy relay 906 on 
the mate frame cuts out the M control circuit 
by breaking the operating ground of the asso 
ciated start trains; namely, the A train of the 
MI frame and the B train of the H frame. A 
detailed description concerning relay 906 can be 
omitted, since the functioning of this relay may 
be inferred from the description of its counter 
part, relay 806 of the H frame. With both make 
busy relays operated, allarm relay fl 0 l l is ener 
gized over a path from battery, winding of re 
lay Oil, conductor 1057, conductor 875, right 
inner make contact of relay 906, conductor 934, 
make contact. 869 on relay 806, to ground. Re 
lay of locks operated, lights frame lamp O2, 
and operates the major alarm. In like manner 
relay is energized in a path from battery, 
winding of relay. f, conductor 35, left inner 
make contact of relay 806, conductor 874, con 
tact 935 on relay 906 to ground. Relay. 
locks operated, lights frame lamp 2, and 
grounds conductor f O58 to keep the major alarm 
in operation. 
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Start circuit hold jack 

... Hold jack 004 is provided in connection with 
the start circuit to aid in maintenance by block 
ing the transfer feature upon the appearance 
of trouble, and by holding the circuit in the 
exact stage reached. With a short-circuited 
three-conductor plug inserted in this jack, the 
operating paths of alarm relay 82 in the A start 
train, and of relay 8 of the B start train, are 
opened. Also, the start jack and the plug in 
obvious manner connect the winding of major 
alarm relay Of to the paths ordinarily used in 
operating relays 82 and 8, so that the oc 
currence of a time-out condition which Would or 
dinarily operate one or the other of these relays 
will instead operate relay Off. Relay Off will 
light frame lamp O2 and will actuate the ma 
jor alarm to call prompt attention to the stop 

All apparatus in 
volved will be held in position, assuming of course 
that the connection is not broken down through 
Some agency beyond control of the start circuit, 
such as disconnection by the subscriber or by 

Even in 
those cases where the record is effaced after a 
brief interval, some observations as to the set 
ting of the apparatus should be possible because 
the maintenance man is expected to remain in 
attendance at the frame when using the hold 
feature. 

Line link frame-Secondary switch make busy 
jack 

A make busy jack, s such as jack 80 l, is pro 
vided for each One of the ten secondary cross-bar 
Switches on the frame. When for maintenance 
reasons, it is desired to remove one of these 
switches from service, the corresponding make 
busy jack is operated with a plug. Jack 80, for 
example, intercepts one of the common leads 
over which the link sleeve busy test is made on 
Originating or terminating calls, and applies busy 
ground to the lead. Since this common lead is 
multipled throughout the ten horizontal group 
relays 809 So as to be connective with the sleeves 
of the ten links terminating on a particular sec 
Ondary cross-bar switch, the busy ground on 
this one common lead serves to make that par 
ticular secondary switch test busy. 
The busy test lead referred to is the conductor 

wired to the armature contact of the transfer 
springs on jack 80. With the jack operated by 
a plug, this conductor is detached from con 
ductor 84 and is switched to busy ground. 
Branch conductor 840 from this lead is accessi 
ble to the terminating marker * by way of the 
line choice connector circuit, and branch con 

- ductor ºf 03 is accessible to the line link control 
circuit by way of the control connector relays. 
Jack 80, moreover, at its lower break contact 
opens ground from conductor 758, which is mull 
tipled throughout the various horizontal group 
relays 709 to supply operating ground for the 
select magnets f2, etc., on the secondary cross 
bar switch under consideration. By this means 
the select magnets of the secondary Switch are 
freed from unnecessary operation while the 
switch is plugged busy. 
Line link frame-Miscellaneous check features 
Various check features are included in the cir 

cuit to indicate the presence of trouble. Some 
of these devices have been dealt with in the 
course of the foregoing description, and others 
will be mentioned now. h 
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The failure of a horizontal group connector 

relay such as 709 to restore will be indicated by 
the time-out alarm associated with relay 805, 
which is kept operated over a path including 
make contact 764 on relay 7 09. 
A false ground on one of the conductors 843 

and 844 used in connection with terminating 
traffic will manifest itself through the opera 
tion of relay 807 or relay 808 and the corre 
sponding time alarm. The relay 80 or 808 not 
involved in the trouble may still be used to com 
plete terminating calls. 
A false ground on certain group start leads 

which are concerned with the operation or the 
holding of group start relays 20, etc., might 
cause a succession of false starts. A ground of 
this nature is indicated by continued operation 
of the group start relay 20, etc., and its aSSO 
ciated master start relay Such as relay 805, the 
latter relay actuating the time alarm. 
Warious leads to be found in the A and B start 

trains are intended to reveal certain troubles 
occurring in those areas of the circuit. For ex 
ample, a trouble ground appearing on the wind 
ing of relay 80 in the A start frame might pro 
duce no noticeable effect until a call came in 
and received service. At disconnection, relay 
808 will operate as usual, and alarm relay OO2 
will restore, but relay 80 will fail to release be 
cause of the trouble ground. This false ground 
backs up over conductor 96 to the left middle 
make contact on relay 805, thence by conductor 
833, left transfer springs and their make con 
tact on relay 808, conductor 876, conductor 877, 
left break contact of relay 002, now normal, 
conductors O49 and 0.48, Winding of alarm re 
lay 82 and battery. Relay 82 then brings in 
the alarm. A similar indication is given if the 
left transfer contacts on relay 808 are out of ad 
justment to such extent that all three contacts 
of the spring combination are bunched or touch 
ing each other. In such case ground from con 
ductor O22, supplied when group start relay 720 
operates, will be extended through the bunched 
transfer contacts on relay 80, to conductor 877, 
then by conductor 876, left break contact on re 
lay OO2, conductors 049 and 048, winding of 
relay 82, to battery, Operating the relay and so 
causing an alarm. 
The chain circuit through the lower Outer con 

tacts of control circuit relays 5ff, 5 f2, etc., 
used to operate the line hold magnet, is pro 
vided with a check feature to give notice of 
trouble grounds affecting this chain. Check lead 
552 serves to connect this chain to the Winding 

of release relay 509, in a circuit traceable from 
the chain in question, conductors 552 and 55, 
upper outer break contact of relay 1515, con 
ductor 542, right outer chain circuit through 
relays 609, etc., conductor 652, winding of 
relay 509, to battery. Thus release relay 509 
will be held operated by trouble ground appear 
ing on the path traced, and by blocking the 
control connector circuit this relay Will cause 
the timing circuit associated with the A start 
train to function on the next call. 
What is claimed is: 
1. In combination, a line Switch frame, lines 

appearing in said frame, a home control mech 
anism, a mate control mechanism, a home start 
circuit for said frame for taking the home Con 
trol mechanism in use to serve calls on Said 
frame, a mate start circuit for said frame for 
taking the mate control circuit in use to Serve 
the calls on said frame, means for registering 
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the calling condition of a line on both of said 
start circuits, and means for determining the 
one of said start circuits to be effective for tak 
ing in use its corresponding control mechanism. 

2. In combination, a line switch frame, lines 
appearing in said frame, a home control mech 
anism, a mate control mechanism, a home start 
circuit for said frame for taking the home con 
trol mechanism in use to serve calls on said 
frame, a mate start circuit for said frame for 
taking the mate control circuit in use to serve 
the calls on said frame, means for registering 
the calling condition of a line on both said start 
circuits, means normally effective for enabling 
the home start circuit to seize the home control 
mechanism to the exclusion of the mate start 
circuit, and means for rendering the mate start 
circuit effective to seize the mate control mecha 
nism. 

3. In a telephone system, a frame of line 
switches, groups of lines appearing in the 
switches of said frame, a home control mecha 
nism, a mate control mechanism, a home start 
circuit for said frame for taking the home con 
trol mechanism in use to serve calls on Said 
frame, a mate start circuit for said frame for 
taking the mate control circuit in use to Serve 
the calls on said frame, said home start circuit 
normally operating to render said mate start 
circuit ineffective, means for registering the 
calling condition of all groups of lines in both 
of said start circuits, means for determining 
which of the two start circuits is effective to 
take in use its corresponding control mecha 
nism, and means operated when the mate start 
circuit is effective to disable said home start 
circuit. 

4. The combination in a telephone System of 
a home frame and a mate frame, each having 
lines therein, two control mechanisms, indi 
vidual respectively to said frames, a start cir 
cuit for said home frame for seizing the cor 
responding control mechanism to serve the calls 
on the home frame, a second start circuit for 
the home frame for seizing the other control 
mechanism to serve as a mate control mecha 
hism the calls on the home frame, means for 
registering the calls on the home frame in both 
of said start circuits, means for rendering the 
first start circuit normally effective to the ex 
clusion of the second start circuit, and means 
for disabling the first start circuit and for ren 
dering the second start circuit effective. 

5. The combination in a telephone system of 
a home frame and a mate frame, each having 
lines therein, two control mechanisms, individual 
respectively to said frames, a start circuit for 
said home frame for seizing the corresponding 
control mechanism to serve the calls on the 
home frame, a second start circuit for the home 
frame for seizing the other control mechanism 
to serve as a mate control mechanism the calls 
on the home frame, means for registering the 
calls on the home frame in both of said start 
circuits, means for rendering the first start cir 
cuit normally effective to the exclusion of the 
second start circuit, means responsive to a troul 
ble condition for disabling the first start circuit 
and for rendering the second start circuit ef 
fective to seize the mate control mechanism for 
Serving the subsequent calls on said home frame, 
and means responsive to the occurrence of a 
Subsequent trouble condition for disabling said 
second start circuit and for rendering said first 
start circuit again effective to seize the home 
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control mechanism to serve the calls on the said 
home frame. 

6. The combination in a telephone System of 
a home frame and a mate frame, each having 
lines therein, two control mechanisms, individual 
respectively to said frames, a start circuit for 
said home frame for seizing the corresponding 
control mechanism to serve the calls on the 
home frame, a second start circuit for the home 
frame for seizing the other control mechanism 
to serve as a mate control mechanism the calls 
on the home frame, means for registering the 
calls on the home frame in both of said start 
circuits, a start circuit for said mate frame for 
seizing said mate control mechanism to serve 
the calls on said mate frame, means normally 
giving preference to said first start circuit over 
said second start circuit, means for disabling 
said first start circuit and for rendering ef 
fective said second start circuit to seize said mate 
control mechanism to serve said home frame, 
and means for causing said second start circuit 
of the home frame and the start circuit of the 
mate frame to seize said mate control mecha 
nism alternately to serve first a call on one 
fraine and then a call on the other frane. 

7. In combination, a frame of switches, groups 
of lines appearing in Said Switches, a home Con 
trol mechanism, a mate control mechanism, a 
home start circuit for said frame for taking 
the homine control mechanism in use to SerWe a 
call in each of the successive groups having one 
or more calls therein, a mate start circuit for 
said frame for taking the mate control mecha 
nism in use to serve a call in each of the Suc 
cessive calling groups, means for registering on 
both start circuits the calling condition of all 
line groups, means effective if trouble occurs 
While either start circuit is operating to serve 
a call to render the other start circuit and its 
related control mechanism effective, and means 
for holding in abeyance the calling group that is 
being served. When the trouble OCCULI's until a 
call in each of the remaining calling groups has 
been served. 

8. In combination, a frame of line switches, 
lines appearing in said Switches, a plurality of 
senders, switching equipment including said line 
switches for extending said lines through to idle 
Senders, means for testing said switching equip 
ment for an idle path from the line to a sender, 
a home control mechanism for said frame, a 
mate Control mechanism, a home start circuit 
normally effective to Seize the home control 
mechanism to serve calls on said frame, a mate 
start circuit for seizing said mate control mech 
anism to serve said frame, a timing device for 
measuring a relatively long interval, means effec 
tive if a, call has not been served within said in 
terval for disabling one of said start circuits and 
for rendering the other start circuit effective, 
means for measuring a relatively short time in 
terval, and means effective if no idle path has 
been found upon the expiration of Said short 
time interval for causing the start circuit then in 
operation to release the control mechanism to 
enable said start circuit to make a new trial. 

9. In combination, a frame of line Switches, 
lines appearing in said switches, a plurality of 
senders, Switching equipment including said line 
Switches for extending said lines to idle senders, 
means for testing said SWitching equipment for 
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36 
tive to seize the home control mechanism to serve 
calls on said frame, a mate start circuit for Seiz 
ing said mate control mechanism to serve Said 
frame, a timing device for measuring a rela 
tively long interval, means effective if trouble 
occurs and prevents a call from being served 
Within the long time interval to release the home 
control mechanism, to disable the home start cir 
cuit, and to render the mate start circuit effec 
tive, means for measuring a relatively short in 
terval of time, and means effective if no idle path 
has been found upon the expiration of Said short 
time interval for causing the release of the con 
trol mechanism then serving the call and to en 
able the start circuit to make a new trial. 

10. In combination, a frame of line Switches, 
lines appearing therein, register Senders, frames 
of sender link switches, switching paths including 
said line switches and sender link switches for ex 
tending said lines to idle Senders, means for 
making a preliminary test to determine if an 
idle path exists to serve a call, a line control 
mechanism for said line switch frame, sender 
link mechanisms, one for each of said Sender 
link frames, means for seizing said line Control 
mechanism in response to a Call, means con 
trolled by the result of said preliminary test for 
causing the line control mechanism to seize one 
of said sender link mechanisms, means effective 
upon the Seizure of Said Sender link mechanism 
for measuring a relatively long interval and also 
a relatively short interval, means in the sender 
link mechanism for making a further test to 
determine if an idle sender exists, means effective 
if said further test fails to find an idle sender 
within said short interval for releasing the seized 
Sender link mechanism from the line control 
mechanism, means effective if the sender link 
mechanism fails to complete its functions within 
Said long interval for releasing it from Said line 
control mechanism, and means for enabling the 
released line control mechanism to Seize anew 
one of said sender link mechanisms in a repeated 
trial to serve the call. 

11. In combination, a frame of line SWitches, 
lines appearing in said switches, register senders, 
frames of sender link switches, switching paths 
including said line switches and said sender link 
SWitches for extending said lines to idle Senders, 
a line control mechanism for said line Switch 
frame, sender link control mechanisms, one for 
each of Said Sender link frames, means for Seiz 
ing said line control mechanism in response to 
a call, means including said control mechanisms 
for making a preliminary test to determine if an 
idle path exists to serve a call, means effective 
depending upon the outcome of Said preliminary 
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test for causing the line control mechanism to 
seize one of said sender link mechanisms, means 
effective upon the seizure of said sender link 
mechanism for measuring a relatively long inter 
val of time and also for measuring a relatively 
Short interval of time, means in the Sender link 
mechanism for making a final test to determine 
if an idle register sender exists to serve the call, 
means effective if said final test fails to find an 
idle Sender within said short interval for releas 
ing the seized sender link mechanism from the 
line control mechanism, means effective if the 
sender link mechanism fails to complete its func 
tions within Said long interval for releasing it 
from said line control mechanism, means for 
enabling the released line control mechanism to 
Seize anew one of said Sender link mechanisms 
in a repeated trial to serve the call, and means 
for holding busy temporarily a sender link mech 
anism which has been released from a line con 
trol mechanism at the expiration of said long 
time interval. 

12. In combination, a frame having line 
Switches thereon, lines appearing in said switches, 
a home control mechanism for controlling the 
operation of said Switches, a mate control mech 
anism, a home start circuit for said frame for 
taking the home control mechanism in use to 
serve calls on said frame, a mate start circuit 
for said frame for taking the mate control circuit 
in use to serve calls on said frame, means in 
cluding register relays for registering the calling 
condition of a line in both of said start circuits, 
and means for determining the one of said start 
circuits to be effective for taking in use its corre 
Sponding control mechanism. 

13. In combination, a group of line switches, 
lines appearing in said switches, a home control 
device for controlling the operation of said 
switches, a mate control device for controlling 
the operation of Said switches, a home register 
ing and starting mechanism including a plurality 
of line identifying relays and a start circuit for 
taking the home control device in use to serve 
calls appearing on said lines, a mate registering 
and Starting mechanism including line identify 
ing relays and a start circuit for taking the mate 
control device in use to serve calls appearing on 
Said lines, means responsive to calls on said lines 
for operating said relays to register each call in 
both of said registering and starting mechanisms, 
and means for determining the one of said mech 
anisms to be effective for taking in use its corre 
sponding control device. - 
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