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This invention relates to telephone systems and 
particularly to systems in which toll or long dis 
tance connections are established by means of 
automatic Switching apparatus. . 
The objects of the invention are to establish 

maximum efficiency in a toll telephone System in 
which connections from incoming to outgoing 
toll lines or trunks are completed by the control 
and operation of automatic switches mounted. On 
a plurality of frames in a telephone office, to Siim 
plify the completion of toll connections in a min 
imum time period, to obtain economy in the Op 
eration of toll Systems by using units of equip 
ment which are common to the incoming and 
outgoing toll lines Or trunks for controlling the 
automatic switches to complete connections be 
tween said lines or trunks, and to provide a sig 
naling system common to said incoming and out 
going lines or trunks for providing the location 
of the Switches connected to individual trunks. 
According to the present invention a toll tele 

phone system is provided with trains of automatic 
switches having incoming trunks from tandem 
offices and distant toll offices Connected to in 
coming switches of the train and Outgoing trunks 
to distant toll offices and offices within the area 
of the toll center connected to. Outgoing SWitches 
of the train, with other Switches operable in 
various combinations under the Control of mark 
ers in a group common to the incoming and out 
going switches of the train for interconnecting 
switches associated with any calling incoming 
trunk entering the train of switches and any idle 
trunk outgoing from the train of switches ac 
cording to a routing given over the calling in 
coming trunk, the Switches and other trunk 
apparatus being mounted on a large plurality of 
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frames. A multifrequency signaling System is 
provided for progressively transmitting signals to 
the marker giving the location of a switch con 
nected to the calling incoming trunk, the loca 
tion of a Switch connected to the Selected outgo 
ing trunk and the character of the frame on 
which these trunks are located, also for progres 
sively transmitting signals for directing the 
marker to abandon one group of trunks and select 
another group of trunks for test. This signal 
ing system is so arranged as to operate and re 
adjust the marker between successive signals for 
progreSSively selecting units of apparatus aSSO 
ciated with the calling incoming trunks and the 
selected outgoing trunks, for establishing circuits 
between the marker and said units of apparatus 
to obtain a combination of switches and connect 
ing circuit paths between the calling incoming 

trunk switch and the selected outgoing trunk 
Switch. 
A feature of this invention is a telephone SyS 

ten in Which an automatic SWitching toll Office 
has two trains of automatic switches, each mount 
ed On a plurality of frames, for interconnecting 
lines incoming from a SSociated toll offices to 
either lines outgoing to distant associated toll 
'offices or to lines outgoing to terminating offices 
Within the area of the automatic SWitching toll 
Office and a Switch controlling device common to 
both trains of switches, for selecting idle lines 
outgoing from either train of SWitches according 
to line selecting registrations received over a call 
ing incoming line and for controlling the opera 
tion of Switches in either train of switches, for 
interconnecting a calling incoming line With a 
Selected Outgoing line as registered. 
Another and related feature of this invention is 

a system in which signals are transmitted to the 
common switch controlling device giving the lo 
cation of switches connected to a calling incom 
ing toll line or trunk and a selected outgoing toll 
line or trunk. 
Another and related feature is a System in 

which the switch controlling device is automati 
cally readjusted responsive to the transmission 
of successive signals. 
Another and related feature is a system in 

which the use of a circuit for the transmission 
of Switch locating signals is later used for the 
operation of the switches connected to the calling 
incoming trunk and the selected outgoing trunk. 

Another, and related feature is a System in 
which signals, each comprising a plurality of 
current frequencies, are automatically transmit 
ted to the marker control device responsive to 
the seizure of an incoming or Outgoing SWitch, 
each signal being transmitted over a single con 
ductor for operating an equivalent plurality of 
units of apparatus in the control device for eS-. 
tablishing signaling circuits corresponding to the 
location of the switches seized. 
Another and related feature is the Organiza 

tion of this multifrequency signaling system 
wherein action takes place in the marker respon 
sive to signals transmitted, independent of trunk 
routing apparatus, for selecting connecting links 
between the marker and the switches associated 
with the calling incoming trunk and the Selected 
outgoing trunk. 
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Another and related feature is a System in 
which the multifrequency signalings direct the 
marker in the testing of groups of Outgoing 
trunks to a particular office, when these groups 55 
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2 
of trunks are connected to switches located on 
different frames in the trains of switches. 
Another and, related feature is a system in 

which the marker control device and the signal 
ing systemi are both automatically readjusted 
responsive to successive signals when the lines 
or trunks of a group on one frame are busy and 
a group of lines or trunks on another frame is 
available. 
Another and related feature is a signal trans 

mitting system common to the incoming and 
outgoing switches of the office for directing the 
switch controlling device in the operation of the 
switches connected to a calling incoming line and 
a selected outgoing line. 
Another and related feature is a signal trans 

mitting system common to the incoming and 
outgoing lines of the office for successively trans 
mitting a series of combinations of signals for 
directing successive functional operations in a 
control device. 
These and other features will be discussed more 

fully in the following description. 
To illustrate the features of the invention, ref 

erence may be had to the accompanying draw 
ings in which: . 

Figs. 1 to 8, inclusive, when arranged as indi 
cated in Fig. 76, show diagrammatically the cir 
cuit of a toll System, and Figs. 9 to 75, inclusive, 
when arranged as shown in Fig. 77, disclose the 
detail circuits of said system. 
In the detailed disclosure, Fig. 21 illustrates 

diagrammatically the distant toll offices con 
nected over intertoll trunks to the incoming 
trunk circuits of this office with which they es 
tablish connection by signaling in different man 
ners. This figure also illustrates tandem trunks 
entering the office from manual or pulsing offices 
and tandem trunks from a No. 3 toll-board with 
in the toll area, and trunks from service switch 
boards. 
An incoming ring-down trunk has been shown 

in detail in Figs. 12 and 13 to illustrate the oper 
ations in the incoming trunk which actuate the 
apparatus of this toll office. 

Fig. 22 illustrates cross-bar link switches for 
connecting calling incoming trunks directly with 
any of a plurality of incoming senders and for 
connecting an outgoing trunk with any of a plu 
rality of outgoing senders. 
switches are usually wired, as shown, between the 
primary and secondary switches in order to ob 
tain a large plurality of choices in selecting idle 
SenderS. 

Fig. 32 illustrates the link cross-bar switches 
for connecting incoming trunks from manual of 
fices to channels entering the cordless operators' 
positions. 

Fig. 43 illustrates control relays including a 
start relay Operated by an incoming trunk for es 
tablishing a connection between the incoming 
trunk and a control circuit for operating 
the cross-bar link switches to obtain connec 
tion between an incoming trunk and an idle 
channel in one of the cordless toll positions. 
A connector is shown in Fig. 42 operated by the 

apparatus of Fig. 43 for obtaining the temporary 
use of a link control circuit shown in Figs. 52, 
53, 54, 62, 63 and 64. 

Fig. 55 illustrates one channel circuit enter 
ing the toll cordless position. A plurality of such 
channels is indicated diagrammatically in these 
figures. 
The common position apparatus for the toll 

These link cross-bar. 

2,236,246. 
operator's switchboard is illustrated in Figs. 56, 
65, 66, 71 and 72. 
A sender directly associated with each cord 

less position is illustrated in Figs. 23, 24, 33, 34, 
44, 45, 57 and 67. 

Figs.73 and 74 illustrate connectors for connect 
ing a large plurality of leads from any of a large 
plurality of senders to an idle marker in a com 
mon group of markers. A second marker is al 
so diagrammatically shown in Fig. 74. 
A combined toll and terminal marker is illus 

trated in Figs. 17 to 19, 27 to 30, 35 to 40, 46 to 
51, 58 to 61, 68, 69,70 and 75. 

Fig. 20 illustrates a plurality of current sources 
and amplifiers for the multifrequency signaling. 
circuit. 
A toll train of cross-bar switches is illustrated 

in Fig. 14 and the upper portion of Fig. 15 over 
which connections are completed between a call 
ing incoming trunk and a distant toll office. 
A terminating train of cross-bar switches is 

shown in Figs. 9 and 10 over which calls are com 
pleted between incoming trunks and offices with 
in the area of this toll center. Figs. 9, 10 and 
14 also diagrammatically illustrate connectors 
and control relays for connecting a marker with 
the incoming secondary cross-bar switches and 
the outgoing primary cross-bar switches. The 
apparatus and circuits for this connector and 
control unit for one pair of frames are illustrated 
in detail in the lower portion of Fig. 15 and in 
FigS. 25 and 26. 

Fig. 11 illustrates an over-flow trunk in suf 
ficient detail for operating the apparatus of this 
System. 

Fig. 16 illustrates one intertoll outgoing trunk 
in detail and diagrammatically illustrates other 
outgoing trunks and distant toll offices which 
are reached from the toll train of switches. 

Figs. 31 and 41 illustrate connectors, trupk 
block relays, patching jacks and apparatus for 
enlarging a group of outgoing trunks by associat 
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ing the marker with a group of trunks on a dif- " 
ferent frame from the One on which the regul 
lar group of trunks to an office is located. The 
Outgoing trunk assignment frame connectors for 
associating a marker with what are known as 
trunk block relays or outgoing trunk group re 
lays is shown in the lower portion of Fig. 41. 
The relays governing this Selection are also shown 
in Fig. 41. Multicontact trunk block relays are 
shown in the lower portion of Fig. 31. Patch 
ing jacks and trunk group enlarging apparatus 
are shown in the upper portion of Fig. 31. 
The System chosen to illustrate the features 

of this invention is in general similar to the one 
disclosed in the application of Moody-Newby 
Shipley, Serdal No. 140,022, filed April 30, 1937, 
now Patent No. 2,161,376, issued June 6, 1939. 
In the present system automatic switches of the 
Cross-bar type are disclosed for selectively es 
tablishing the desired connections, and these 
switches are controlled by common register send 
ers and common markers. The cross-bar 
switches, the Senders and markers for control 
ling Said switches, the marker connectors for 
connecting the markers to said senders, includ 
ing the keyboard senders, and the frame con 
nectors which Serve to associate the markers 
with the cross-bar Switch frames, and the meth 
Ods whereby these Switches are controlled in their 
selective operations are in many respects the 
same as those already known in the art. For 
8 more detailed disclosure of these marker-con 
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trolled cross-bar switch systems reference is made 
to the patent to Williams, No. 1,553,347 of Sep 
tember 15, 1925, and to the patent to Carpenter, 
No. 2,093,117 of September 14, 1937. For a bet 
ter understanding of the detailed structure and 
operation of the cross-bar switch itself refer 
ence is made to the patent to Reynolds, No. 2,- 
021,329 of November 19, 1935. 

General description 
A toll office for this cross-bar toll system, as 

diagrammatically shown in Figs. 1 to 8, inclu 
sive, comprises two trains of cross-bar switches 
each for completing connections from an in 
coming line or trunk to an outgoing line or trunk. 
One train of cross-bar switches, as shown in the 
upper half of Figs. 2 and 3, is provided for com 
pleting telephone calls to other distant toll 
offices. In the lower half of Figs. 2 and 3 is shown 
a second train of cross-bar Switches for con 
pleting what are known as terminating calls. 
These telephone calls may be originated in a 
distant toll office or a service Switchboard and 
completed to subscribers of local offices within 
the area of this particular toll center. An ex 
ception to the above exists wherein tributary 
offices may be reached over either the toll train 
or the terminating train of switches. A tributary 
office may be herein defined as an office within 
the area of the toll center but outside of the 
minimum rate zone in that area. Fig. 1 illus 
trates the various offices and switchboards from 
which calls entering this toll office may be origi 
nated, for example, tandem calls originating in 
the vicinity of the toll center are handled in 
tandem switchboards illustrated diagrammati 
cally as 2 and 5. 
over the toll train of cross-bar switches to out 
going intertoll trunks to distant toll offices indi 
cated diagrammatically as 40, 403 and 405 or 
may be routed to a tributary office such as 46. 
Calls may enter the toll office from dialing or key 
pulsing offices or service switchboards indicated, 

Calls may 
enter the toll train of switches from a call order 
board having a key-set similar to the key-set 
disclosed for the toll operator, or from a key 
pulsing No. 3 toll-board such as disclosed in 
Patent 1780,906 to W. W. Carpenter et al. No 
vember 11, 1930, all of which are routed through 
the toll train of cross-bar switches. Distant toll 
offices are illustrated diagrammatically as 20, 
24 and 28 which receive calls from other toll 

offices or from Subscribers such as C, D and E. 
entering local offices 8, 22 and 26, respec 
tively. Subscriber E may initiate a call by trans 
mitting a signal to a local office indicated as 26 

60 

75 

and request a connection to be completed Over 
a toll line. The call may be recorded in the 
usual manner and the subscriber connected with 
an operator in the toll office 28 who, in this 
case, may route the call to the toll office of the 
present embodiment which actuates the appa 
ratus of incoming trunk 29. In each case the 
drawing indicates that the subscriber has re 
quested a connection to the toll office illustrated 
herein and consequently toll lines are shown be 
tween the distant toll offices 20, 24 and 28 
and incoming intertoll trunks 2, 25 and 29 
located in this toll Office. 
Examples are given of three types of toll lines. 

herein known as intertoll trunks. An incoming 
intertoll trunk from a distant toll office having 
a pulsing. key-set is shown as f2. 
intertoll trunk from a manual office having 

Tandem calls are routed . 

An incoming 

3. 
straightforward trunking equipment is shown as 
25. An incoming intertoll trunk having ring 
down trunking equipment is shown as 29. Each 
of the foregoing types of intertoll trunks may 
again be specifically classified according to a 
plurality of different transmission characteris 
tics. An intertoll trunk which may be used for 
extending a call from one distant toll Office 
through another toll office and from there ex 
tended to a third toll office is given the name 
of via intertoll trunk. This intertoll trunk 
has the highest obtainable transmission charac 
teristics. An intertoll trunk which extends from 
one toll office to another toll office and is there 
terminated in an associated local office or a sub 
scriber entering that office, is known as a termi 
nating trunk and does not require the trans 
mission characteristics of the via intertoll trunk. 
Certain toll offices are equipped with a third type 
of intertoll trunk having combined transmission 
characteristics which may be used either as a via 
intertoll trunk or a terminating intertoll trunk. 
Toll offices may have intertoll trunks of all three 
characteristics extending to another toll office. 
The combined intertoll trunks are used whenever 
there are insufficient via intertoll trunks or ter 
minating intertoll trunks available. In view of 
the fact that calls from distant toll offices enter 
ing this toll office may be routed either to an 
other toll office or terminated in this toll center, 
these incoming intertoll trunks enter both trains 
of Switches, thus cross-bar switches on both the 
toll train and the terminating train are asso 
ciated with the incoming intertoll trunks 2, 
25 and 29. As illustrated in Fig. 2, the in 
coming intertoll trunk 2 is connected both to 
the cross-bar switch 203 of the toll train of 
switches and to the cross-bar Switch 226 of the 
terminating train of Switches. 
trunks 25 and 29 are connected to switches 220 
and 223 of the terminating train of switches arid 
are also extended upward for connection to 
switches in the toll train. 
An incoming calling signal energizes apparatus 

in an incoming intertoll trunk which automati 
cally starts the Operation of a link such as 500 
or 535 for associating the incoming trunk either. 
directly with an idle incoming sender in groups 
such as 58 or 522 or with an idle cordless toll 
operator's position such as 53, 532 or 533 which 
have senders 528, 529 and 530 associated there 
with. The link 500 is also used for Selicting 
outgoing senders in sender groups 5 and 54 
which are automatically actuated by an outgo 
ing trunk for transmitting pulses to a distant 
Office when required. Reference is made to pat 
ent application Serial No. 295,012 to A. J. Busch 
et al., filed September 15, 1939, for a detailed 
description of such incoming and outgoing send 
ers. An incoming call from a key pulsing call 
order board or a key pulsing No. 3 toll-board 
automatically actuates a link for selecting an 
idle sender of groups 58 or 522 which are asso 
ciated through connector 543 directly with a 
marker for setting the switches to complete a 
call. The same is true on incoming calls from 
distant key pulsing toll offices which automati 
cally direct the link 500 for selecting an idle 
sender. The senders automatically actuate a 
connector 543, 544 or 545 for associating a mark 
er therewith for completing a connection. In 
each case the registration is transmitted from the 
originating Operator through the link 500 to a 
sender in groups 58 or 522 for setting a plurality 
of registers which record the type of incoming 
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4. 
trunk connected therewith, and the designation 
of the pffice or office and subscriber to which the 
call shall be routed. This registration is trans 
ferred to the marker for setting switches to come 
plete the connection and the registration in the 
Sender is a constant check upon the Operation of 
the marker. Incoming calls over incoming in 
tertoll trunks from manual toll offices which may 
be equipped with straightforward trunks or ring 
down trunks actuate the link 35 in order that 
calls from manual offices may be routed through 
the toll office by a cordless toll operator. This 
link is automatically, controlled by the calling 
incoming trunk circuit for indicating the chara 
acter or class of the incoming trunk to the equip 
ment associated with the cordless toll Operator's 
position. A link 535 has associated therewith a 
sequence circuit illustrated diagrammatically as 
534 for distributing incoming calls to the various 
operators and for finding idle channels to oper 
ators which are available for handling the in 
coming calls. 
Links 500 and 535 each comprise a small train 

of cross-bar switches having primary switches 
connected with the incoming intertoll trunks and 
secondary Switches, associated with a large plu 
rality of senders or toll cordless switchboard po 
sitions. The link control circuits 507 and 542, 
link control connectors 508 and 54, and control 
relays 505 and 540 are each separate units which 
are combined as required for locating idle send 
ers of the type required or idle cordless opera 
tor's position channels and for operating the link 
cross-bar switches 50, 502, 503, 504 or 536, 537, 
538, 539, according to the connection established. 
Each incoming trunk is connected to the con 
tacts of a primary CrOSS-bar Switch such as 50 
and is also connected to a start relay in the con 
trol relay unit. The start relay is, actuated in 
response to a signal Over the calling incoming 
trunk for actuating an idle link connector such 
as 506 and obtaining the use of an idle link con 
trol unit such as 50 Selected from a common 
group of control units. The link control units 
50 or 542 act in a similar capacity to a marker 
to control the connection and operation of pri 
mary and secondary CrOSS-bar switches of the 
link for connecting an incoming trunk to an idle 
sender or an idle cordless toll operator's position 
according to class registrations from the calling 
incoming trunk. 

After an idle sender has been selected or an 
idle toll cordless position has been selected and 
the cross-bar switches of link 500 or 535 operated 
to connect the calling incoming trunk with the 
selected sender or operator's position, the con 
trol relay unit, connector and link control unit 
are disconnected from the switches. The switches 
are held by apparatus in the sender or cordless 
operator's position for a period of time depending 
upon the functions to be performed and upon the 
character of the calling incoming trunk. A plu 
rality of channels are provided in each cordless 
operator's position to which the link switches are 
connected, one link per channel. Common equip 
ment of the cordless operator's position may be 
associated with any channel, either automatically 
in response to a signal Over an inconing trunk or 
at the will of the operator. A plurality of link 
Switches 535 may be connected with a plurality 
of position channels at the same time and the 
position equipment common to those channels 
may be automatically associated successively with 
different channels for completing incoming calls 
or for responding to recalls Over either incoming 
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or outgoing trunks and may be manually asso 
cated with any of said plurality of link connec 
tions. 

In case an incoming call actuates the link 535 
a plurality of conductors from the incoming in 
tertoll trunk are connected through the link to 
an idle channel in a toll cordless operator's posi 
tion and a signal is actuated in the toll cordless 
position to indicate that a new incoming call is 
awaiting completion. The cordless toll operator 
challenges the distant toll operator who transmits 
the code or designation of the outgoing toll office 
or station desired. The cordless toll operator 
then actuates the proper keys which energizes 
the registers of an associated sender such, for 
example, as sender 528 associated with the cord 
less toll Operator's position 53. 
class signals are transmitted directly from the 
incoming intertoll trunk to the sender for regis 
tering in the sender the character of the calling 
incoming trunk. The completion of registrations 
in the sender actuates apparatus for selecting an 
idle connector between the sender and an idle 
marker. The office is equipped with a plurality 
of markers so that an idle marker is normally 
Yable for completing any call entering the 
Oce. 

A toll office may be equipped with a plurality 
of a single type of marker known as a combina 
tion toll and terminal marker. This type of 
marker is arranged to complete connections from 
incoming trunks to either a distant toll office, an 
office Within the area of the toll center or service 
Switchboards and service trunks. Other toll 
offices may be equipped with separate markers 
comprising a plurality of markers for Completing 
calls to distant toll offices, service switchboards 
and Service trunks and a plurality of other 
markers for completing terminating calls within 
the area of the toll center and to service switch 
boards and service trunks. Both types of markers 
have been diagrammatically illustrated. Markers 
0 to numbered 640 and 624 may be either com 
bined toll and terminal markers or they may be 
toll markers only. A terminal marker is shown 
diagrammatically as 625 which would be used in a 
toll office when markers 0 to fare used for com 
pleting calls to distant toll offices only. 
Let it be assumed for this description that 

marker was idle and selected by a connector 
such as 53, 544 or 545 and associated with sender 
528 in cordless toll position 53. The registers 
of the marker illustrated in the detail embodi 
ment are actuated by the registrations made by 
the Cordless operator in the sender and remain 
under the control of the associated sender for 
completing the connection. These registrations 
control various Operations in the marker includ 
ing the routing of the call to an idle one of a 
group of Outgoing trunks extending to a particular 
toll office or to an idle outgoing switching trunk for 
Connection to an office within the area of the toll 
center. Let it be assumed, for example, that a 
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registration has been made for connecting an in 
coming intertoll trunk from a distant toll office 
to an outgoing intertoll trunk extending to an 
other distant toll office. A route relay in the 
marker is thus actuated which will bring about 
the selection of an idle outgoing trunk extending 
to this particular office by associating the marker 
with a group of terminals with which these out 
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going trunks are associated. These registers may 
cause the operation of a single route relay or the 
successive operation of a plurality of route relays 
and the actuation of a connector such as 740 or 
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74 for associating the marker with particular 
trunk block relays diagrammatically shown as 
707 to 76 connected to the group or groups of 
outgoing trunks extending to an office for which 
the call is registered. When an idle outgoing 
trunk to a particular office is available, informa 
tion is transmitted by signals to the marker which 
continues successive operations for completing 
the connection. 
Any character of incoming intertoll trunk, tan 

dem trunk or trunk from service operators enter 
ing the office may be connected to any character 
of outgoing trunk. In view of the many charac 
teristics of the different trunks and in view of 
the number of groups and subgroups into which 
these trunks must necessarily be divided, con 
siderable information must be transmitted to the 
marker from various sources, to guide the marker 
in completing a connection from an incoming 
trunk of a particular character, connected to a 
cross-bar switch mounted on a particular odd or 
even-numbered incoming frame to an Outgoing 
trunk of the same or different character con 
nected to a cross-bar switch mounted on a par 
ticular odd or even-numbered outgoing frame. 
Due to the comlexities of a toll system and the 

flexibility required, no permanent connection is 
made between the marker and the croSS-bar 
switches. Frame connector units such as 209, 20, 
309 and 30 are used for connecting a large nun 
ber of incoming secondary cross-bar switches, 
such as 202, and outgoing primary cross-bar 
switches, such as 300, with the marker for estab 
lishing circuit paths over junctor leads between 
an incoming primary cross-bar switch, Such as 
200, to which a calling incoming trunk is con 
nected and an outgoing secondary cross-bar 
switch, such as 30, to which an idle outgoing 
trunk is connected. These frame connector units 
are, however, selected by the marker according 
to the location of the incoming trunk and out 
going trunk switches after the location of these 
switches is indicated to the marker. The incom 
ing trunk primary cross-bar switch, such as 200, 
is associated with the marker through the call 
ing incoming trunk, a link switch, such as 500 
or 535, and a toll trunk assignment connector, 
such as 543, which with the exception of the in 
coming trunk bear no designated or numerical 
relation to the incoming primary Switch Or the 
frame on which this cross-bar switch is mounted. 
These units of equipment may be used for Calls 
from many different incoming trunks connected 
to variously located incoming primary Switches. 
This is also true of the outgoing trunk secondary 
cross-bar switch, such as 30?, which is associated 
with the marker through the outgoing trunk 
equipment, patching jacks which are used for 
flexibility in arranging trunk groups, trunk group 
relays, such as 07 to 76, and connectors, such 
as 740 and 74. Since no connection exists be 
tween the incoming primary or outgoing sec 
ondary switches and the marker except through 
units of selectable equipment which are common 
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to different frames of SWitches, a multi-frequency 
signaling system is included in this toll System to 
transmit signals to the marker giving the loca 
tion of the switches connected to the incoming 
and outgoing trunks selected for a telephone Con 
nection and whether they are mounted on odd or 
even frames. This signaling System is associated 
with the marker through the incoming primary 
cross-bar switch, the apparatus of the calling in 
coming trunk and thence over circuits established 
through the units of equipment selected for Con 

5 
necting this trunk to the marker. The signaling 
System is also connected through the outgoing 
Secondary Cross-bar switch associated with the 
Selected idle outgoing trunk to the marker over 
circuits established through units of equipment 
Selected for connecting this outgoing trunk to 
the marker. In this signaling system electrical 
currents of different frequencies are variously 
combined to obtain a large plurality of different 
signals equivalent to the large plurality of switch 
frames in the toll office. The signaling system 
is also used for indications to the marker that 
the trunks of the group tested are all busy and 
that a group of trunks has been added to this 
regular group of trunks and that the added group 
may be found on a different frame from the one 
On which the regular trunks are located. In this 
case the signaling system causes an adjustment 
of the apparatus in the marker for associating 
the marker with the added group of trunks. If 
an idle trunk is selected from the latter group 
a multifrequency signal is automatically trans 
mitted to the marker giving the location of the 
switch connected with the selected idle trunk. 
A multifrequency signal sending system is as 

sociated with the select magnets of the incoming 
primary switches and the outgoing secondary 
Switches. The signals are transmitted as a com 
bination of frequency over a single conductor, 
which conductor is later used for operating the 
Select magnets. As previously explained, this sig 
naling System extends throughout the entire toll 
exchange system and, consequently, the ability 
to transmit the signals over a single lead is a 
matter of great economy. The Organization of 
the signal transmitting apparatus as shown in 
Fig. 8 comprising a plurality of generators or 
other current sources each having an amplify 
ing System and each having associated therewith 
a plurality of resistances for distributing the gen 
erator load and to facilitate the connection of 
frequency combinations with transformers asso 
ciated with each cross-bar switch frame. . Three 
frequencies are combined for each frame number 
signal. For example, transformers 800 to 80 
comprise a plurality of transformers associated 
with the cross-bar switches of one frame. These 
transformers have their primary windings con 
nected with frequency generator 840, frequency 
generator 84 and frequency generator 842 
through their respective amplifying circuits, each 
generator transmitting a current of a different 
frequency. The Secondary windings of trans 
formers 800 to 80 are each connected to the 
windings of the Select magnets on this one frame. 
Transformers 80 to 8 are used for transmit 
ting a different combination of frequencies to the 
select magnets of another frame. The select mag 
(net 20 associated with primary cross-bar 
switch 200 located on a particular frame, is con 
nected to the multifrequency signaling system 
over lead 28 which may be traced to the sec 
ondary coil of transformer 8.0. A combination 
of frequencies is transmitted through trans 
former 80 from generator 840, generator 84 
and generator 843. Since the transformers 80 
to 8, which may represent ten transformers, 
are associated with a particular frame, the sec 
Ondary coils of these transformers are connected 
through the windings of the select magnets of 
this particular frame. The combination of fre 
quencies thus transmitted to the secondary coil 
of transformer 80 extends through the winding 
of select magnet 20, thence through the incom 
ing trunk which is connected to the cross-bar 
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switch 200, continuing over lead 30 through the 
contacts of the cross-bar switches of link is, 
sequence circuit 534, cordless toll position ap 
paratus such as 53, and a sender associated 
therewith, such as sender 528, through the con 
tacts of the multicontact relays of connector 
543, thence to the marker through the contact 
of normal relay 622, normal relay 20, relay 9, 
which is operated, to the primary winding of 
transformer 6. . 
The combination of three frequencies is thus 

transmitted to the receiving system of the marks 
er shown in the upper portion of Fig. 6. The 
receiving system comprises a plurality of filters 
600 to 604 each having a band which passes 
a particular frequency, for example the filter 
600 passes the frequency generated by generator 
840 as transmitted through its associated an 
plifier. Each receiving unit of the receiving sys 
tem has a tuned transformer 605 to 0 which 
is actuated by a particular frequency. The fre 
quency transmitted energizes the tube, such as 
608, 609 or 60, which creates a plate current 
for operating a relay, such as 6, 62 or 63. 
Since the frequencies transmitted through the 
select magnet 20 were from generators 840, 
84 and 843, the currents of different frequencies 
pass through filters 600, 60 and 603 for ac 
tuating tuned transformers 605, 606 and a tuned 
transformer associated with the fourth filter 603, 
Relays 6, 62 and a relay associated with filter 
603 are operated for establishing a location sig 
nal circuit. Each relay of the receiving units 
has associated therewith another relay having 
a large plurality of contacts, such as 64, B5 and 
66. In view of the large plurality of contacts 
on these relays, they could not be operated di 
rectly by the plate current of the tubes in each 
receiving unit. The operation of three relays, 
such as 64, 65 and a relay operated by cur 
rent through filter 603 establishes a particular 
series circuit for operating apparatus in the 
marker including a relay such as 633 which cor 
responds to the frame number on which select 
magnet 20 and the switch 200 are located. 
There is a frame relay, such as 633, for each 
incoming frame in the Office. At the proper 
time for receiving the signals to indicate the 
number of the incoming switch frame on which 
the calling incoming trunk is located, the in 
coming frame cut-in relay 630 is operated by 
the marker for closing a circuit path for the 
frame relays. The circuit for operating relay 
633 is, however, established by the combination 
of frequencies transmitted. This combination 
of relays 64, 65 to 66 operated by the fre 
quency combination also establishes a circuit 
to indicate whether the frame on which the 
trunk is located is an Odd or an even frame and 
accordingly operates apparatus in the marker to 
so adjust the marker that it will be correctly 
connected to a link such as 209 associated with 
the proper incoming frame. The trunk group 
and trunk number are also given by signals to 
the marker and thus the switch location is posi 
tively identified. 
When an idle Outgoing trunk to a designated 

office has been located, circuits are energized 
for indicating the frame number on which this 
idle outgoing trunk is located. The outgoing 
trunks of the various groups are connected to 
the local or terminal assignment frame or to 
patching jacks on what is known as the to 
trunk assignment frame, shown in the left por 
tion of Fig. 7. Intertoll trunks are very expen- , 
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sive and the number of trunks extending be 
tween offices is maintained within limits which 
will handle the normal maximum load of con 
nections. The patching jacks are provided for 
flexibility in rearranging trunk grouping during 
emergencies and for adding trunks to a group 
easily when, for any unforeseen reasons, they 
are required. These trunks may be added di 
rectly to the regular group of office trunks or 
they may be routed through other toll centers 
to the office requiring the added trunks. Each 
outgoing trunk is connected by two leads, such 
as 44 and 45, to its associated patching jack 
in order that the trunk may be tested for idle 
and busy conditions and for controlling the oper 
ations in the marker. A third lead, 38, is ex 
tended from the patching jack to the select mag 
net associated with the secondary cross-bar 
switch connected to that trunk. Let it be as 
Sumed that the idle trunk found is connected to 
cross-bar switch 30 and that select magnet 
302 is used for operating that switch. This 
Select magnet is connected to the secondary 
winding of transformer 800 of the frequency 
generating circuit by lead 20. The transformers 
800 to 80 are associated with the frame on 
which the CrOSS-bar Switch and select magnet 
are mounted. Three frequencies are thus trans 
mitted from generators 840, 84 and 842 through 
their associated amplifiers and resistances which 
are Connected to the primary of transformers 
800 and 30. This causes the three currents to 
be transmitted from the secondary of transform 
er 800, through the winding of select magnet 
302, over conductor 38, through the contacts of 
patching jack 20, through a multicontact trunk 
group relay shown schematically as 70 and the 
toll trunk assignment - connector 04 to the 
marker. In preparation for receiving the signal, 

- the marker has operated relay 620, relay B 
and the outgoing frame cut-in relay 3. The 
multifrequency signaling combination is thus 
transmitted through the right contact of relay 
622, normal contact of relay 620, contact of relay 
69, to the primary winding of transformer T. 
In this case the frequencies are transmitted 
through filters 600, 60 and 602 for energizing 
the associated tuned transformers 605, 606 and 
a transformer connected to filter 602, which cur 
rent is amplified for energizing the associated 
tubes, such as 608, 609 and a tube in circuit with 
filter 602. Responsive to the transmission of 
these three frequencies, the first three relays, 
such as 6, are actuated for actuating the first 
three relays, such as 64, 65 and a third relay. 
The operation of the latter three relays estab 
lishes a series circuit through their contacts and . 
through a particular contact of the outgoing 
trunk frame cut-in relay 63 for energizing a 
particular frame relay, such as 634, to arrange 
the circuits of the marker for connection to the 
frame on which the idle outgoing trunk was 
found. The contact combination of relays, such 
as 4, is also such as to indicate to the marker 
whether this frame is an odd or an even frame. 
The marker is thus given the frame number on 
which the calling incoming trunk is located and 
the frame number on which the idle outgoing 
trunk extending to a particular office is located. 
Considering the number of frames of cross-bar 

switches in an office, the number of different 
combinations of connections required may be 
visualized. For example, the calling incoming 
trunk may be any trunk located in any group of 
one of the odd or even frames and a path through 
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outgoing trunk to any office which includes 
switches on all of the outgoing frames. Com 
binations of incoming secondary a'ld outgoing 
primary cross-bar switches must be operated for 
connecting the talking and signaling leads be 
tween any of the incoming primary cross-bar 
switches and any of the outgoing secondary 
switches. The incoming secondary switches, such 
as 202, 205 and 208, and the outgoing primary 
switches, such as 300, 303 and 306, are used for 
such connections. Idle junctors must also be 
found between incoming secondary switches and 
outgoing primary switches for establishing this 
connection. The marker is thus guided by the 
multifrequency signaling combinations to asso 
ciate itself with particular frame connectors, such 
as 209, 20, 309, 310, to reach frames having 
switches to be used for establishing connections 
responsive to registrations transmitted to the 
marker. Connectors of this character are asso 
ciated with all frames of the office and are shown 
diagrammatically associated with the incoming 
terminal frame, outgoing terminal frame, in 
coming toll frame and outgoing toll frame. If 
the calling incoming trunk is located On an even 
frame, a connector such as 20 associated with 
that frame is energized by the marker and cir 
cuits established between the marker and cross 
bar switches over what is known as the home 
channel, represented by lead 24. A second path 
may be used under certain circumstances from 
the same marker to the same switches over cir 
cuit 22 through the mate channel of the con 
nector by seizure of the mate channel in the odd 
frame connector. The circumstances governing 
this arrangement will be discussed in connection 
with the detailed description. 

If the outgoing trunk were found on an Odd 
frame, a connector 30 associated with this frame 
would normally be operated. The circuit path 
through this connector would be over lead 33 
which would again be known as the home chan 
nel. Under certain circumstances, however, this 
frame may be reached through the even con 
nector over circuit lead 3 when the mate chan 
nel is taken for use. The operation of the in 
coming and the outgoing connector circuits in 
combination with the marker, controls the se 
lection of secondary incoming cross-bar switches 
and primary outgoing cross-bar switches and a 
set of junctors through cross-connecting frame 
27 for associating the incoming trunk on the 
primary cross-bar Switch to the outgoing trunk 
on the secondary outgoing CrOS-bar Switch. 
This connection is completed when incoming sec 
ondary and outgoing primary cross-bar switches 
and a set of junctors therebetween have been 
tested and found idle. 

In the organization of the trunk grouping for 
a toll office, space is allowed on both the switch 
frames and trunk relay frames for expected 
growth of the trunk groups. However, when 
rapid changes take place in a particular vicinity, 
because of unexpected circumstances, a larger 
group of trunks may be required than antici 
pated. In some cases space cannot be found 
fur such enlargement of the trunk group on 
the frame having the regular group of trunks 
thereon. In such an event, an additional group 
of trunks is located upon a different frame. 
This flexibility is an advantage in a toll system 
but requires a plurality of multifrequency signal 
indications to the marker for the group of trunks 
extending to this particular toll office. Facilities . 

7 
are provided in the multifrequency signaling 
system for accommodating this flexibility. When 
the marker has tested the trunks of a regular 
group extending to a particular office and found 
all the trunks busy and an additional group of 
trunks is available, the marker is so notified 
when it tests the last trunk of the regular group. 
In this case, the last trunk of the group simu 
lates an idle trunk and the apparatus of the 
marker is operated accordingly in an attempted 
seizure of the trunk, but instead of finding an 
idle trunk, a complete group of trunks is taken 
for test. The apparatus for such an arrange 
ment is indicated in the right-hand portion of 
Fig. 7. Jack 72 represents the last trunk in a 
regular group and is connected by patching Cord 
748 with an added group of trunks known as 
the jump hunt group of trunks, since it may 
be on a different frame from the regular group 
of trunks. An idle trunk is ordinarily indicated 
to the marker by battery extending from the 
Outgoing trunk to the test lead in the marker. 
This may also be indicated by an open circuit. 
A busy outgoing trunk has ground associated 
with this lead. This condition may be observed 
by referring to Fig. 16 of the detailed drawing. 
A circuit condition prevails between the regular 
group of outgoing trunks and the jump hunt 
group of outgoing trunks which alters, depend 
ing upon the busy or idle condition of these 
trunks. An idle Outgoing trunk in the jump 
hunt group of trunks is shown diagrammatically 
as 727. This illustrates battery associated with 
the test lead extending to the marker and ground 
connected to the group busy lead through the 
winding of relay 724. As long as there are idle 
trunks in the added jump hunt group of trunks, 
this ground is extended from all the idle out 
going trunks through the winding of relay 724 
to battery which Operates relay 24, connecting 
ground through the winding of relay 723 to the 
sleeve of jack 722. A similar condition prevails 
in the regular group of trunks, since a ground 
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is connected from all idle trunks to a lead, such 
as 744, from the idle trunk and extends through 
the patching jacks to the winding of a relay in 
the over-flow trunk, Such as 725. When there 
are idle trunks in the regular group, a circuit is 
consequently established from ground to all of 
the sleeve conductors of the patching jacks in the 
regular group. Since the added jump hunt group 
of trunks is connected to the last regular trunk, 
this ground is extended from idle trunks in the 
regular group over the sleeve of the patching 
cord 748, sleeve of jump hunt jack 722, winding 
of relay 723 to ground on the contact of relay 
724. Therefore, a ground from idle trunks in 
the regular group shunts relay 723 and will not 
permit this relay to operate. This also places a 
busy ground on the jump hunt group from the 
back contact of relay 723 through the ring con 
ductor and patching cord to the marker, as a 
check indication that there are idle trunks in 
the regular group of trunks and that the marker 
has made a mistake in attempting to seize the 
added jump hunt group. 
When all of the outgoing trunks in the regular 

group are busy, the ground is removed from the 
test conductor of all trunks in this group and a 
circuit is established at this time for operating 
relay 23, from ground on the contact of relay 
24 through the winding of relay 723, sleeve of 

jack 724, sleeve of patching cord 748 to battery 
through the winding of relay 725. The jump hunt 
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group of trunks is thus available for selection and 
a multifrequency signal is transmitted to the 
marker for accordingly readjusting the marker. 
The transformer 730 is similar in its arrangement 
to the foregoing arrangement described for trans 
mitting a signal through the select magnet. In 
this case, a special frequency is transmitted from 
generators 84 , 842 and 844 through the primary 
winding of transformer 730 and from the second 
ary winding through the winding of relay 726, 
ring conductor of jack 722, ring of the patching 
cord, ring of the jack 22 representing the last 
jump hunt trunk of the regular group, thence 
to transformer 67 in the marker. The trans 
mission of this combination of frequencies oper 
ates three relays, such as 64, establishing a 
series circuit for operating the jump hunt cut-in 
relay 632, releasing the outgoing trunk cut-in 
relay 63 and establishing a circuit for operating 
the multifrequency relay 28. After this is ac 
complished, the combination of three relays, such 
as 64, is released and a second combination of 
frequencies is transmitted for establishing a cir 
cuit in the marker to operate a particular route 
relay used for reaching the added jump hunt 
group of trunks. This combination of frequency 
is transmitted from three generators, depending 
upon the office to which the trunks extend. An 
example is given where the combination is trans 
mitted from generators 840, 84 and 844 through 
the inside contact of relay 26 and primary 
winding of transformer 30 Over a path to the 
marker which is the same as previously de 
scribed, terminating in transformer 67. Relays 
64, 65 and 66 are now operated for establish 
ing a circuit through a contact of the cut-in re 
lay 632 for operating the particular route relay 
controlling the test of the added group of trunks. 
The test of the outgoing trunks in the added 
jump hunt group of trunks now proceeds in the 
usual manner and the jump hunt apparatus in 
cluding relay 632 is released to permit this nor 
mal procedure. The outgoing frame cut-in relay 
63 is again operated for establishing a path 
over which a multifrequency signal may be 
transmitted, giving the frame on which the 
added group of trunks is located. When an idle 
trunk is found in the jump hunt group of trunks 
this multifrequency signal is transmitted through 
the Select magnet associated with the switch 
connected with the idle Outgoing trunk in the 
same manner as previously described for the 
transmission of a signal for a frame number 
giving the location of an idle trunk of a regular 
group. 
When an idle trunk has been located in an 

added jump hunt group and the frame number 
on which the trunk is located transmitted to the 
marker, Operations take place as previously de 
scribed for controlling the operation of one of 
the frame connectors 209, 20, 309, 30, 229, 230, 
339, 340, depending upon whether the call is a 
via toll call extending to a distant toll office or 
a terminating toll call extending to the office 
within the area of the toll center. This causes 
the selection of a secondary incoming switch, a 
primary outgoing switch and a junctor path be 
tween these switches for connecting the calling 
incoming trunk to the selected idle outgoing 
trunk to a particular Office. 

If at this time the service of an outgoing sender 
is required, such sender is automatically con 
nected to the Outgoing trunk by the energization 
of a link, such as 500, actuated by the outgoing 
trunk circuit. For example, if the outgoing 

going sender, such as 510 or 5 f4. 

ing trunk arranged for such 
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trunk extends to an office requiring dial pulses 
or key-pulses, these are transmitted from an out 

The Outgoing 
senders are shown in Fig. 5 adjacent to the link 
which serves both the incoming and the outgoing 
senders. A circuit may be traced from these 
senders through the switches to the outgoing 
trunk circuits. Consequently, after the connec 
tion through the inconiing and outgoing switches 
of Figs. 2 and 3 has been established, pulses may 
be transmitted from an incoming sender through 
a link, such as 50, thence over the train of 
Switches, Figs, 2 and 3, through the same link or 
another link to the Outgoing sender for setting 
the registers of the outgoing sender, the incom 
ing sender having been previously set by either 
the Operator originating the call or by the cord 
less operator. As SOOn as the registers of the 
outgoing sender are set according to the setting 
of the incoming sender, the pulses are trans 
mitted directly. Over the outgoing trunk conduc 
tors to either a distant toll office or to a termi 
nating office, such as 407, 409, or 42, depending 
upon the designation of the call. . 
Incoming calls from straightforward or ring 

down manual toll offices are completed by the 
cordless toll operator in positions 528, 529 or 530. 
In this case, the code of the distant office is regis 
tered upon the key-set of the cordless toll posi 
tion for controlling the sender associated there 
with and a marker. When the Cross-bar Switches 
have been set and a connection completed to a 
distant Operator, the Cordless Operator may trans 
mit the calling designation to the distant opera 
tor or the calling designation may be given to the 
distant operator by the originating operator as 
Soon as the connection has been completed 
through this toll office and the called operator 
obtained. 

Detail description 
Let it be assumed that a toll call is initiated by 

subscriber A, Fig. 21, who calls the operator in 
the local subscriber's office 200 and advises her 
of the destination of a toll call. The subscriber's 
operator makes a connection with the manual toll 
office 20 Over trunk 202 in the usual manner 
by associating plug 240 with jack 20 and plug 
24 with jack 203. This equipment may be 
of a well-known character and need not be de 
Scribed in this specification. The toll designa 
tion is recorded by the toll operator in toll office 
2fO4 who proceeds to make the desired connec 
tion by initiating a call over an intertoll trunk 
outgoing from this distant office represented by 
conductors 250 and 25. To facilitate this de 
Scription, a ring-down intertoll trunk has been 
assumed between the distant toll office 2 fo4 and 
the incoming ring-down trunk disclosed in Figs. 
12 and 13 of the cross-bar toll office. The call 
may have Originated from subscriber B or C and 
a toll connection completed through a dial toll 
office 2fO or a straightforward trunking toll of 
fice 224. An incoming call from toll office 20 
Over a pulsing incoming trunk would enter the 
cross-bar toll switching office in an incom 

Connection, 
which would automatically route the 
through a link to a key - pulsing sender such 
as 224 shown in Fig. 22. A call from an office 
such as 224 using what are known as straight 
forward intertoll trunks would enter the cross-bar 
toll office in an incoming intertoll trunk adapted 
to receive signals from this character of distant 
toll office. This signal will be transmitted to the 
straightforward incoming trunk by associating 
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2,236,246 
battery and ground with the trunk conductors at 
the distant end of the trunk. Calls over tandem 
trunks are of the same character, either trans 
mitting signals by pulses or originating a call by 
a battery signal and thereafter completing the 
connection by instructions from one operator to 
another. As indicated on the drawings, all of the 
calls over ring-down intertoll trunks or straight 
forward intertoll trunks are connected through a 
link to the cordless operator's position. The con 
nection from the toll office 204 to the incoming 
ring-down trunk shown in Figs. 12 and 13 is 
initiated by the application of ringing current to 
the trunk conductors 250 and 25 which en 
ergizes relay 20 in the incoming intertoll trunk 
circuit. A circuit is normally established by re 
lay 20 from ground through the winding of 
relay 202 which maintains the relay 202 oper 
ated and therefore the energization of relay 20 
by the transmission of the aforesaid ringing signal 
releases relay f202 to establish circuits for asso 
ciating this incoming trunk with apparatus of the 
cross-bar toll office for completing a connection 
from this trunk to a desired outgoing trunk. As 
previously stated, ring-down intertoll trunks are 
of varied transmission characteristics, depending 
upon their use. 
connection from Subscriber A, it may be assumed 
that the calling incoming intertoll trunk has the 
highest transmission characteristics and connec 
tion is .to be made through the toll train of 
switches to an outgoing trunk extending to an 
other distant toll office. This constitutes a via 
connection and requires the use of intertoll trunks 
of the highest transmission characteristics, both 
from the originating office to the cross-bar toll 
switching office and from the cross-bar toll switch 
ing office to another distant toll office to which a 
connection has been requested. Responsive to 
the operation of relay 20 and the release of re 
lay 202 a circuit is established from ground on 
contact 6 of relay 307 through contact 5 of relay 
220, contact 2 of relay 202, winding of relay 304 

to battery, which operates relay f304. Relay 304 
establishes a locking circuit for itself through its 
contact 3, contact 5 of relay 220, contact 6 of 
relay 307 to ground, connects ground to the 
armature of relay 202 and through contact 9 
of relay 30 to lead 3228 which is used later for 
testing purposes from the position circuit and for 
establishing a holding circuit for the cross-bar 
switching magnets of the toll train of switches 
shown in Figs, 14 and 15. A circuit is also estab 
lished through the Windings of relay 322 and the 
contacts of relay 304 which is not effective at 
this time, since the windings of this relay are ar 
ranged to oppose each other. 
When the period of ringing has ceased, relay 

20f restores to normal and reestablishes an 
operating circuit for relay 202 and the following 
operations take place for associating a link con 
trol circuit With the calling incoming trunk. In 
the circuit previously traced for locking relay 
304 it was shown that ground is connected to 
the armature 2 of relay 202. The reoperation of 
relay 202 transfers ground from the outer con 
tact to the inner contact which establishes, an 
Operating circuit for relay f2 f3 through contact 
5 of relay 22. Relay 23 establishes a lock 
ing circuit for itself through contact 5 of relay 
30, which locking. circuit remains under the 

control of relay 30. The operation of relay 
23 connects certain leads to the link relays for. 

controlling link selection including a circuit for 
the link start relay 43 ff. The operation of this 

For the example to be given of a 

start relay causes the selection of a connector 
Fig. 42 for associating the incoming trunk with 
a link control circuit. There are a plurality of 
selectable link control circuits which may be 
temporarily associated with an incoming trunk 
or an outgoing trunk for selecting circuit paths 
through link switches such as shown in Figs. 22 
and 32, to connect an incoming trunk with either 
an incoming Sender Fig. 22 or a cordless opera 
tor's position channel Fig. 55, or connect an out 
going trunk to an Outgoing sender Fig. 22. This 
control circuit shown in FigS. 52 to 54 and 62 to 
64 registers the class and characteristics of the 
calling incoming trunk and completes the con 
nection through the cross-bar link switches ac 
cordingly. Since there are numerous classifica 
tions of incoming trunks, the link control circuit 
acting in the capacity of a register and marker 
must in all cases be operated in a manner de 
pending upon the class of trunk connected there 
With. 
AS previously stated, the operation of relay 
23 associated ground with the start lead 4300 
Which may be traced from ground through con 
tact of relay 24, contact 3 of relay 2 3, con 
tact f of relay f22, thence over conductor 4300 
through contact f of relay 430 and winding of 
the start relay 43 to battery. The operation 
of relay 43 establishes the starting circuits for 
Selecting a link and controlling the connection 
of the cross-bar link switches shown in Fig. 32 
between the ring-down incoming trunk circuit 
(Figs. 12 and 13) and one of a plurality of cord 
less switchboard circuits as shown in Figs. 55, 
56, 65, 66,71 and 72 as folio vs. A circuit is first 
established for operating one of relays 420 or . 
4202. This circuit may be traced from battery 
432 through resistance 433, contact f of re 
lay 43 f, contact 3 of relay 435, contact of relay 
436, winding of relay 420 to ground through 
contact of relay 4202. A second circuit is estab 
lished for the operation of timing relay 437 from 
ground through contact 3 of relay 43. A third 
circuit is established from ground through con 
tact 2 of relay 43 f to contact 27 of relay 4206 
for use when the latter relay is operated. The 
Operation of relay 420 establishes a circuit for 
relay 4205 which in turn establishes an obvious 
circuit for relay 4206. The operation of relay 
420 also establishes a circuit for one of a chain 
of relays 4209, 42 to or 42 operated successively 
as idle link connectors are selected and become 
busy. In this example the circuit is shown ar 
ranged to operate relay 4209 from battery through 
contact 4 of relay 20, contact of relay 422, 
Winding of relay 4209 through the chain of re 
lays to ground on contact 2 of relay 42 ?. The 
link connector associated with relay 4209 is thus 
taken for use. 
The link System disclosed in this application 

constitutes an arrangement of apparatus for ob 
taining connections between a large plurality of 
toll or tandem lines, herein known as trunks, and 
a large plurality of Senders or cordless position 
circuits with a minimum amount of apparatus. 
The link System is therefore divided into sepa 
rate sections or units which creates a large num 
ber of choices for the connection of any intertoll 
or tandem trunk to idle senders or idle cordless 
positions. The cross-bar switches shown in Fig. 
22 disclose the arrangement of interconnecting 
toll trunks with idle incoming senders, which 
Senders may be of different character, depend 
ing upon the character of the incoming toll trunk 
used for the connection. The cross-bar switches 
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of Fig. 22 are associated with the remainder 
of the link, such as shown in Figs. 42, 43, 52, 53. 
54, 62, 63 and 64, and with the senders in the 
same manner as the cross-bar switches of Fig. 32 
are connected to cordless positions. The link 
cross-bar switches of Fig. 32 are used in inter 
connecting intertoll trunks from manual offices 
such, for example, as incoming ring-down trunks, 
straightforward trunks or tandem trunks to the 
cordless position operators. It is apparent that 
intertoll trunks from manual toll offices require 
the services of an operator in the cross-bar in 
tertoll office, whereas incoming toll trunks from 
toll offices handled on the pulsing signal basis 
only require the service of an incoming sender, 
such as shown in Fig. 22. The multicontact re 
lay 434, the multicontact relay 4206 and the re 
lays shown in the upper portion of Fig. 42 con 
stitute an arrangement for giving an incoming 
trunk a plurality of choices in obtaining the 
services of a link control circuit. There are a 
plurality of relays 434 for each group of incom 
ing trunks. This plurality of relays 434 are 
connected to a plurality of relays 4206 which are 
interconnected when strapped as shown so that 
a choice of relays is available where a particular 
one is found busy. Relay 420 and the arma 
tures of relay 4206 constitute a connector be 
tween groups of trunk circuits and the link con 
trol circuit. There are a plurality of relays 420 
in each connector equal to the number of con 
trol circuits. There are a plurality of relays such 
as 4206 for each connector equal to the groups 
of trunks entering the right-hand contacts of re 
lay 434. 
From the foregoing it is apparent that for each 

toll trunk entering the office there is a choice 
of a plurality of circuit paths for obtaining the 
services of an idle link control circuit (Figs. 52, 
53, 54, 62,63, 64) and that there is a plurality of 
choices between the trunk circuit and Senders or 
cordless positions, since there are a number of 
different paths through the cross-bar Switches to 
idle equivalent senders or cordless positions. The 
foregoing arrangement makes it possible to have 
numerous paths to the more expensive groups of 
apparatus such, for example, as the link control 
circuit and thus limit the number of control cir 
cuits. This link control circuit may be likened 
to a marker for controlling the link Switches in 
somewhat the same manner as the main marker 
of the cross-bar system controls the Switches ar 
ranged to connect an incoming trunk to an out 
going trunk. 
In the present instance it is assumed that the 

control circuit associated with relay 420 is idle 
since relay 4209 was operated. The Operation of 
relay 4209 establishes an obvious circuit for 
operating relay 420 which connects a link con 
trol circuit through its contacts and the con 
?tacts of relay 4206 to the left-hand contacts of 
relay 434 which has not as yet been Operated. 
The operation of relay 4207 establishes an ob 
vious circuit for operating. relay 4208 and ex 
tends ground over leads 4220, 422 and 4222 to 
the control circuit. The circuit established over 
lead 4220 energizes relay 5402. The circuit over 
lead 422 operates relay 520. The circuit over 
lead 4222 establishes a locking circuit for relay 
5203, which is used later after this relay has 
been operated. The Operation of relay 520 com 

75 

pletes a circuit for the operation of relays 423 
and 424 traced from battery through their 
upper windings and over the three leads repre 
sented by lead 5252 to ground on contacts , 2 

2,238,246 
and 3 of relay 520. Ground is also connected to 
the upper winding of relay 422 but the operat 
ing circuit for this relay is shunted by ground 
from contact of relay 420 which prevents 
relay 422 from operating. This indicates that 
all paths over this connector are busy. The 
circuit for relay 4208 is established either by the 
operation of relay 4206 or relay 4207 and the 
busy condition of the link is therefore maintained 
until both relays are released. Relay 208 es 
tablishes a locking circuit for relays 423 and 
424 through contact and a circuit for timing 
relay 435 which may be completed when relay 
42O5 is released if relays 4207 and 4208 are not 
released. The operation of relay 5402 estab 
lishes an obvious operating circuit for relay 64.04 
and an operating circuit for relay 5209 from bat 
tery through resistance 542, contact 4 of relay 
54.02, contact 5 of relay 5403, contact 3 of relay 
5309, contact 4 of relay 540, winding of relay 
5209, to ground on the contact of relay 530 f. 
Relay 5209 locks to ground on its contact 3. 
A particular control circuit such as represented 

by Figs. 52, 53, 54, 62, 63, 64 has now been seized 
for controlling the selection of available cross 
bar switches such as shown in Fig. 32 for estab 
lishing a connection between the calling incom 
ing toll trunk circuit (Figs. 12 and 13) and a po 
sition channel. The operation of relay 6404 pre 
pares a testing circuit, as explained later, and 
applies a non-operate test to the test relay 6405. 
It may be here explained that a test of circuits 
is progressively made as the control circuit op 
erates. If relay 6405 operates on the non-operate 
test the control circuit operation will be blocked 
by the operation of relay 6402. It will be as 
sumed for this description that relay 6405 re 
sponded correctly to the non-operate test and 
thus did not operate. At this time or previously, 
relay 623 operates from battery through its 
winding, contact f of relay 6305, lead 424, con 
tact of relay 4207, contact 27 of relay 4206 to 
ground on contact 2 of the start relay 43. Con 
tact 6 of relay 4207 represents a large number of 
contacts, as shown on relay 4206. There are a 
plurality of relays such as 6213 or 6209 corre 
sponding to the subgroups of calling incoming 
trunks in a large trunk group and one of these 
relays is now operated to identify the Subgroup of 
trunks in which the calling trunk is included. It 
may be assumed that relay 623 corresponds to 
the calling incoming trunk subgroup in use for 
the connection being described. Relay 623, in 
operating, establishes a locking circuit to its op 
erating ground over lead 424 and also estab 
lishes an operating circuit for relay 620 through 
its contact to ground over lead 424. Relay 
620, in Operating, establishes a circuit for relay 
63.05, which circuit is obvious. Relay 63.05 locks 
to ground on contact 5 of relay 623 and opens 
the operating circuit for relay 62 f3 which is now 
maintained in an operated position by its locking 
circuit. Relay 63.05 also completes a circuit for 
Operating relay 434, which circuit may be traced 
from battery through contact 4 of relay 6305, 
contact 2 of relay 5204, contact 3 of relay 62O3, 
contact of relay 620, contact 4 of subgroup re 
lay 623, lead 4245, contact of relay, 4207, contact 
25 of relay 4206, winding of relay 434 to ground. 
The operation of relay 434 now associates con 
ductors from the link primary switches and from 
the calling incoming trunks in a particular sub 
group through contacts 2 to 5 of relay 4206 and 
an equivalent number of contacts of relay 420 to 
the link control circuit, 
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Toll trunk selection 

It may be pointed out at this time that the 
contacts of relay 434 are associated with a plu 
rality of trunks (usually ten) represented by 
leads 4300 and 4309. There is, however, a COIn 
mon start circuit for the plurality of trunks in 
this subgroup through the contacts of relay 430 
and after the seizure of the control circuit the 
calling trunk must be individualized in order to 
be served. The leads extending from these 
trunks over contacts 7 and 8, which may repre 
sent ten trunks, are extended through contacts 
and 8 of relay 4206 and similar contacts on relay 
4207, thence over leads 4228 and 4229 to ten re 
lays 5206 to 620 of the control circuit. It was 
assumed in this case that the ring-down trunk 
(Figs. 12 and 13) is associated with lead 4300 
connected to the Zero trunk of the group. A 
ground was associated with lead 4300 by the ring 
down trunk to operate the start relay 43. This 
ground is now extended through contact of re 
lay 43f4 and contacts 7 of relays 4208 and 420 
over lead 4228, contact 4 of relay 52, winding 
of relay 520 to battery. Relay 520 operates 
and locks through its contact 4 to lead 4228. 
This same ground lead 4300 extends through the 
contacts of relay 430, contact 8 of relay 434 and 
all similar contacts associated with the plurality 
of trunks, contacts of relays 4206 and 4207 over 
separate leads in the control circuit, such as 
lead 4229, to battery through the windings of a 
plurality of relays such as 5206 to 520. At this 
time all of the relays 5206 to 520 are operated. 
This is done to guard against or test for faults 
in the control circuit, since later when the circuit 
is made individual to the calling trunk only one 
of these relays should remain locked up. The 
operation of relay 434 also extends ground from 
lead 4300 through the contacts of relay 430, con 
tact 3 of relay 434, contact 3 of relay 4206 
and a similar contact on relay 420 to lead 4234 
which is connected through the winding of the 
control circuit, start relay 5205 to battery. The 
operation of relays 5206 to 52C and a start relay 
5205 establishes a series circuit for the operation 
of relay 5203 traced from battery through the 
winding of relay 5203, contact of relay 520 
and a series of other contacts to the contact 
of relay 5206, contact of start relay 5205, contact 
5 of relay 520 to ground on the operating circuit 
for relay 520. The operation of relay 5203 es 
tablishes a locking circuit for itself through the 
contact of relay 5204 to ground over lead 4222 to 
contact 5 of relay 420. This relay also estab 
lishes a holding circuit for relays 620 and 623 
and connects battery through the winding of 
relay 5202 to lead 4223. The battery on lead 
4223 operates relay 43 ft) since, as noted, it is ex- . 
tended through a contact of relay 420, contact 
2 of relay 4206, contact 2 of relay 43 f4 to ground 
through the winding of relay 430. The opera 
tion of relay 430 opens the ground circuit ex 
tending from the Calling incoming trunk through 
its contacts and therefore this ground from the 
incoming trunk on lead 4300 is now only extended 
through contact 7 of relay 43 f. The start relay 
43 is released and relay 5205 of the control 
circuit is released. This restores all of the con 
trol relays included in the group 5206 to 520 
excepting the one associated with the calling in 
coming trunk which in this example is relay 520 
which remains operated. The release of relay 
5205 establishes an operating circuit for relay 
5207 through contact 5 of relay 5203, back con 
tact of relay 5205, contact 5 of relay 52 0 to 

to find an idle position channel. 

11 
ground over lead 4228. The following circuits 
are established through the contacts of relay 
52O7: (1) Relay 52 it is operated over an obvious 
circuit which locks to ground on contact f of relay 
5203; (2) establishes a circuit from battery 5 
through the winding of relay 6304 and contact 6 
of relay 420 to lead 4227, thence through con 
tacts 6 of relays 4207 and 4206, contact 6 of relay 
434 through the cross-bar switch contacts to the 
hold magnet when the cross-bar Switch is oper- 0 
ated as set forth later in the description. Relay 
52 opens the operating paths for relays 5206 to 
520 but does not open the locking circuit for 
relay 520. Relay 52 also connects ground 
from the normal contacts of relay 6303 to one of 15 
the ten leads 4230 to 423 through contacts of 
relay 5206 to 520. In this case it is assumed 
that the ground is connected from contact 7 of 
relay 520 to lead 4230 extended through the con 
tacts 9 of relays 4207 and 4206, to contact 9 of 20 
relay 434. Contacts 9 and O of relay 43f4 
representing ten trunks have cross-connecting 
terminals 4330 to 4340 connected to their arma 
tures. A plurality of class punchings 434, 4342 
and 4343 are connected to armatures fl-2 of 25 
relay 434 and may be cross-connected to punch 
ings 4330 to 4340 according to the class of the 
calling incoming trunk being served. A plurality 
of leads, represented by one lead 4232, are con 
nected between the class contacts of relay 434 30 
and class relays 5304, 5306 and 6205 in the link 
control circuit. One of the latter relays is oper 
ated to indicate the method of operation which 
should take place in the control circuit for the 
class of trunk being Served. In this example it 35 
may be assumed that punching 4330 is cross-con 
nected to punching 434 and that class relay 
operated, which identifies the calling trunk as 
the class of calls handled by the cordless operator. 
Relay 5304 indicates the class of incoming trunk 40 
by connecting battery to one of the three leagds 
connected to normal contacts 4, 5 or 6 of relay 
5209. This circuit may be traced from battery 
through resistance 6420, normal contact 9 of relay 
6402, normal contact 4 of relay 6304, contact 3 of 45 
relay 5304, normal contact 3 of relay 5306, nor 
mal contact 3 of relay 6205, contact 4 of relay 
5209 previously operated, to lead 4235 which is 
used to represent the three leads extending to the 
link relay 434. Lead 4235 extends to contacts 50 
of relay 420, and relay 4206, contact 4 of relay 
434 to ground through the winding of relay 438. 
There are a plurality of relays the same as re 

lay 438 for associating test leads from the con 
trol circuit with incoming senders, outgoing 55 
senders, position channels, etc. The circuit es 
tablished through the winding of a relay, such as 
438, depends upon which of the class relays 5304, 
5306 or 6305 has been operated. The operation 
of the relay 43 (8 shown, establishes a circuit over 60 
lead 4344 through contacts of relays 4206 and 
4207 to the control circuit over lead 4239 for 
Operating relay 530 and connecting a large plu 
rality of test leads, such as 4345, from the cord 
less position circuits to enable the control circuit is 

Each lead is 
connected with a channel in a cordless switch 
board position to which an incoming toll trunk 
may be connected if this channel is idle and an 
operator is in attendance in the position. The 70 
channels represented by these test leads may 
enter all or part of the different switchboard posi 
tions and also may enter a plurality of channels 
in each of these positions. In order that rapid 
service be maintained the above is required so 
that an idle channel to an operator's position may 75 
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12 
be immediately found under normal traffic Con 
ditions. There is one relay in the control circuit 
for each test lead extending to the channels of 
the cordless operator's positions. Only two of 
these relays, 6207 and 622, are shown. A cir 
cuit for one of these relays is established when 
an idle channel to an idle operator's position is 
found. 

Position relay 5508 is operated when an opera 
tor is in attendance in a position and is not busy 
completing or supervising another connection. A 
test circuit may, therefore, be traced from 
ground on a contact of relay 5508 to contact 2 
of relay 552. There is one relay 552 for each 
of the channels in a position. This relay is oper 
ated when the channel is busy and released when 
it is idle. If there is an idle channel in the post 
tion, one of these relays is released and con 
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35 

sequently ground is extended from a contact on 
relay 5508 through contact 2 of an idle channel 
in the position, thence over lead 5542 to one of 
a large plurality of contacts on relay 4. One 
test circuit is shown through contact 2 of relay 
438 extending over lead 4345 through the con 
tacts of relays 4206 and 420 to lead 4256 in the 
control circuit. This lead extends through con 
tact 4 of relay 6206, and the winding of relay 
6207 to battery, operating the latter relay which 
indicates that the channel associated with relay 
620 is ide. 

It will be remembered that relay 438 also es 
tablished an operating circuit for relay 539 
which is for the purpose of connecting ground to 
timing interrupter 54 to release the control 
circuit if all channels are found busy. The cir 
cuit for interlupter 54 may be traced from 
ground on the contact of relay 530 through con 

40 

tact of relay 6402, contact 5 of relay 630 to 
the armature of interrupter 54 f. Relay 530 
also establishes a ground circuit through the 
contacts of relays 6206 to 62 for a circuit to be 
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described later. The ground associated with in 
terrupter 54 establishes a circuit for relay 5407. 
The continued movement of the interrupter as 
sociates its grounded armature with a circuit 
through contact 2 of relay 540 and the winding 
of relay 5406 to battery which operates relay 
54.06. The continued rotation of the interrupter 
54 again establishes a grounded circuit with a 
contact 2 which now establishes a circuit through 
the inner contact f of relay 5406, contact 2 of 
relay 6404, winding of relay 6308 to battery which 
operates relay 6308 for establishing the releasing 
circuit for the control unit, which circuit may 
be traced from ground on contact f of relay 
6308 through the winding of the release relay 
5403 to battery. The operation of relay 543 
causes the release of the control circuit so that 
it may be used for other connections. All idle 
channel circuits will have ground connected to 
their busy test leads from the position channels 
circuits whereas the busy circuits will be indi 
cated by an open lead. Consequently all of the 
available channel circuits are represented in the 
control circuit by an operated relay such, for 
instance, as relays 6207 and 622. A chain cir 
cuit is carried through the relays 6207 to 622 
and 6206 to .62f so that one of the idle channels 
may be taken for use. The association of the 
test relays in the different control circuits with 
the channels of different positions is altered as 
to choice in order to distribute the incoming calls 
to the different operators. The operation of relay 
620 establishes an obvious circuit for the opera 
tion of relay 6307 which establishes an operating 
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circuit for relay B40 through contact of relay 
S42. Relay B307 also operates relay 532 over a 
circuit which may be traced from ground on con 
tact 2 of relay 6307 through the winding of relay 
5302 to battery. A circuit for relay 20 is estab- 5 
lished from ground on contact of relay 30. 
The operation of relay 64 establishes operating 
circuits through the right winding of all busy 
test relays represented by relays 6206 to 62. 
Some of these relays were already operated due 10 
to busy link conditions since their left windings - 
are connected over leads 4224 and 4225 through 
the contacts of relays 420 and 4206, contacts 
3 and 4 of relay 434 to the hold magnets of 
cross-bar switches serving this group of trunks. 
Busy switches have ground connected to their 
hold magnets which causes the operation of re 
lays 6206 to 62 f associated therewith. All of 
relays 62OB-62 fl are now operated to establish 
chain circuits through their contacts. The cir 
cuits for the foregoing relays are established 
through contacts and 2 of relay 6406 which 
represent a plurality of contacts which are equal 
to the number of busy test relays, such as 620 
to 62. Relay 6406 also establishes a circuit 25 
for relay 6208 traced from battery through the 
winding of the latter relay through contact 
of relay 6406, contacts 2 of relays 62 to 620 
to ground on contact of relay 5403 normal 
and contact 3 of relay 5402 which is operated. 
Relay 6208 establishes a circuit for one of a 
plurality of relays such as 5305 and 5307 associ 
ated with the preferred available circuit which 
may be traced from ground on contact 2 of relay 
6208 over leads 625 to 626 depending upon 
which is the preferred circuit of the circuits 
found idle. The circuit over lead 626 extends 
through contact 4 of relay 540, winding of 
relay 53OT to battery. The circuit over lead 
625 extends through contact of relay 50, 
winding of relay 5305 to battery. The operated 
relay locks to its operating ground and estab 
lishes a circuit for the associated test relay, 
such as 432 in Fig. 43. This circuit may be 
traced as follows: Assuming that relay 6305 was 
operated, battery is connected from normal con 
tact of relay 530 through contacts 4 and 2 of 
relay 5305, contact 2 of relay 6204, lead 4255, 
contact of relay 4207, contact 35 of relay 4206, 
winding of relay 432 to ground. 
The operation of relay 6208 opens the operat 

ing circuit for relay 6203 and connects the test 
relay 6403 to lead 4253 for making a double test, 
which double test circuit may be traced from 
the plate circuit of tube 640 through the wind 
ing of relay 6403, contact of relay 6208, contact 
6 of relay 622, lead 4253 to contacts 33 of relays 
6207 and 6206, contact of relay 432 to the 
double test lead in the channel of a selected 
position circuit, which to be idle should have 
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battery thereon through contact of relay 552. 
The operation of relay 5305 as previously de 
scribed locks to its operating ground and con 
nects battery to lead 4255 through contact of 
relay 5307, contacts 4 and 2 of relay 5305, con 
tact 2 of relay 6204, lead 4255 through contacts 
35 of relays 4207 and 4206 through the winding 
of relay. 32 to ground. This extends the double 
test circuit previously described through contact 

of relay 432 to battery through contact of 70 
relay 552 and resistance 556. 
Senders are selected by the link control circuit 

in the same manner as described for selecting a 
position channel. 
The channel circuit shown in Fig. 55 repre 
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sents one of a plurality of channels for estab 
lishing circuits between the link switches of Fig. 
32 and cordless operators' positions. In order 
to Select a channel the link control circuit ob 

5 tains access to the testing facilities of these 
channels through the connector relays such as 
4207 and 4208 as described. An idle and avail 
able channel is indicated by ground on the busy 
test lead 5542 from the contacts of relay 5568 

10 and battery on the double test lead 554 from 
contact of relay 552. It will be noted that 
as previously described these extend through the 
contacts of relays 438 and 432. When the 
cordless position is attended by an operator and 
a channel is idle and the operator is not busy 
handling another call, relay 5508 is operated by 
the position relay 6507, which latter relay is op 
erated when the telephone operator's headset 
plug is inserted in the telephone jack, The cir 
cuit for relay 6507 may be traced from battery 
through its winding and through a chain of con 
tacts on relays 550, 5502 and 5503 which rep 
resent a plurality of channels, thence through 
the contact of telephone jack 72 fo, contact of 
key 560 to ground on contact of relay 5800. 
The busy test relay 5508 has a plurality of con 

15 

20 

25 

tacts for supplying ground to the contacts of a 
plurality of relays such as 552, one for each 
channel circuit in a position. When a channel 
is not busy, relay 552 is normal for indicating 
the idle condition and ground is thus extended 
through its contact 2 to the associated lead 5542. 
When a channel is busy the operation of relay 
552 causes ground to appear on the double test 
lead 554 and the busy test lead 5542 is opened. 
The channel is seized by the link control circuit 
after the closure of the link switch cross-points 
by the link control circuit. The closure of such 
CrOSS-points causes ground to appear on leads 

40 5540 and 5543 which will be traced later from 
the link control circuit. These grounds trans 
mitted through the link switch, operate relays 
552 and 55 f. The winding of relay 552 is 
directly connected with lead 5543 and the wind 
ing of relay 55 is connected with lead 554C 
through contact 2 of relay 5504 which is normal 
at this time. The operation of relays 55 and 
552 initiates the operation of the channel and 
position circuit apparatus and will be described 
in detail after the seizre of the channel by the 
link control circuit. 
The test and Seizure of a position channel in 

dicate to the link control circuit that it may 
proceed to associate the Cross-bar link switches 
of Fig. 32 with the channel selected. Test relays 
6403 and 6405 of the tube testing circuit were 
connected to the double test lead 4253. This 
circuit may be traced from battery 5520 through 
resistance. 556 and contact f of relay 552, lead 

60,554, contact of relay 432, contact 33 of relay 
4206, corresponding contact of relay 4207, lead 
4253, contact 6 of relay 622, contact of relay 
6208, winding of relay 6603 to plate of test tube 
640. If no other control circuit is attempting to 
seize the link at this time the plate resistance of 
tube 640 will instantly drop, thus making the 
selected link busy to other control circuits. Also, 
it provides an operating circuit for relay 6405 to 
the tube plate circuit through contact 6 of relay 
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of relay 6405 establishes an operating circuit for 
relay 6402 and a locking circuit for relays such 
as 6207 to 6212. The double test feature of relay 
6495 is important when two identical tests are 

7S made of the channel circuit by two control cir 

6406 and contact 4 of relay 6404. The operation. 

13 
cuits at the same instant so that the tubes, Sulch 
as 640, instantaneously operate in both control 
circuits. In such case neither of the relays 6405 
in the two control circuits operates and a dif 
ferent circuit is selected so that the contested 
circuit may be seized for another call. The chan 
nel circuit being contested will remove ground 
from its busy test lead 4253 when it is seized 
by another circuit, causing the associated relay 
432 to release and advance the test relay 6405 
to the next available circuit. The purpose of 
relay 6403 is to cause the link control circuit to 
time and transfer the facilities to avoid Operat 
ing an alarm when two circuits prevent each 
other from seizing the desired circuit. In this 
case relay 6402 does not operate and therefore 
relay 6403 connects ground to interrupter 54 f 
So... that the interrupter will cause relays 5407 
and 5406 to function as herein described. Since 
the operating time of the vacuum tube is negli 
gible the repetition of the first unsuccessful at 
tempt to seize a particular circuit is extremely 
remote. 

Relay 6402 operated by relay 6405 for the 
seizure of an idle line Switch establishes a lock 
ing circuit for itself to ground through contact 
3 of relay 6406 and establishes an operating cir 
cuit for relay 5303 from battery through its 
winding, contact 2 of relay 5302, previously op 
erated, contact 4 of relay 6402 to ground through 
normal contact 3 of relay 6303. The operation 
of relay 6402 removes battery from class lead 
4235 as previously traced from battery through 
resistance 6420, contact 9 of relay 6402, contact 
4 of relay 6403 through the contacts of class 
relay 5304 to lead 6235, thus releasing all chan 
nel relays, such as 6207, except the one which 
is locked for the call. The operation of relay 
6402 further establishes operating circuits for 
relays 6306 and 5208. The operating circuit for 
relay 6306 may be traced from ground through 
contact 3 of relay 5403. The operating circuit 
for relay 5208 maybe traced from batterythrough 
contact 6 of relay 5403, contact 6 of relay 6402, 
contact of relay 620, contact of relay 5209, 
winding of relay 5208 to ground. Relay 6402 
also opens the ground circuit through the con 
tact of relay 6403 which is extended to inter 
rupter 54 f. The operation of relay 5303 con 
nects battery to lead 4243 for operating the pri 
mary select magnet 3204 on the link frame. This 
circuit may be traced from battery through re 
sistance 5230, contact 2 of relay 520, contact 2 
of relay 5303, contact 4 of relay 5302, lead 4243, 
contacts 23 of relays 4207 and 4206, winding of 
primary select magnet 3204 to ground. The op 
eration of relay 5208 connects battery to lead 
425 to operate the secondary select magnet 3207 
of the selected secondary link switch as traced 
from battery through contact 3 of relay 540?, 
contact 6 of relay 5305, contact 2 of relay 5208, 
contact 3 of relay 620?, lead 425, contacts 3? 

O 

15 

20 

30 

40 

5 5 

60 

of relays 4207 and 4206 to ground through the 
winding of secondary select magnet 3207. The 
primary select magnet 3204 energizes its arma 
ture and associates ground with contacts 24 of 
relays 4206 and 4207 and lead 4244 for operating 
relay 6302. The secondary select magnet 3207 
energizes its armature and establishes a circuit 
through contacts 29 of relays 4206 and 4207 to 
lead 4249 which is carried through the winding 
of relay 630 to battery. 
A path has been selected through the link 

switches after tests of hold magnets controlling 
this path and therefore the next step is to oper 
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14. 
ate the hold magnets under the control of the 
link control circuit. This is accomplished by 
the aforesaid operation of relays 6402 and 630 
which establishes a circuit from ground through 
contact of relay 6303, contact of relay 6302, 
contact 2 of relay 630, contact 6 of relay 620, 
contact 2 of relay 62 f2, contact 2 of relay 6306 
over lead 4225 to contacts 4 of relays 420, 206 
and 4314, windings of hold magnets 3205 and 
3208 to battery. When the primary switch croSS 
points are closed a circuit is established for relay 
6304 which is operated over the lead correspond 
ing to the trunk number and thus correspond 
ing to the switch level with which the control 
circuit is now associated. It will be noted that 
all of these levels are represented on contacts 
5 to 6 of cut-in relay 434. There may be, how 
ever, ten such contacts representing ten levels 
of the switch. The circuit for relay 6304 may 
be traced from battery through its winding, COn 
tact of relay 5207, contact 5 of relay 520, lead 
4227 which is representative of a plurality of 

contact 3 of the cross-bar Switch 3200 thence 
to ground over the above-described Operating 
circuit for the holding magnets. Relay 6304 
establishes a locking circuit to lead 4227 through 
contact 5 of relay 520 and also operates relay 
6303 from battery through its winding, contact 
2 of relay 6402, contact of relay 630, contact 
2 of relay 6302 to ground through contact 2 of 
relay 6304. Relay 6303, in operating, establishes 
the locking circuit to ground on its contact 
through contacts 3 and 2 of relay 6402 and in 
operating causes the release of relay 5303 by 
opening the circuit for this relay at contact 3. 
Release of relay 5303 opens the operating circuit 
for primary select magnet 3204, causing its re 
lease. The switches, however, are maintained in 
position by the hold magnet. Relay 5303 also 
removes the shunt from the right winding of re 
lay 640 and connects both windings of this re 
lay in series circuit which may be traced from 
battery through resistance 64, left winding of 
relay 640, contact of relay 6303, right winding 
of relay 640, contact 3 of relay 630 to ground. 
The operating circuit for the hold magnets must 
be constantly maintained and therefore the con 
trol circuit must not release this circuit until a 
holding ground has been applied Over the sleeve 
circuit through the switching contacts. The sen 
sitive polarized relay 640 is used to indicate 
to the link control circuit when this ground has 
been applied. The link control circuit thus 
awaits certain conditions before energizing the 
release relay 5403. The application of the hold 
ing ground to the sleeve lead as explained later 
operates relay 640 f which partly prepares the cir 
cuit for operating the release relay 5403. 

Position channel 

At this time the Connection has been com 
pleted by the cross-bar switches (Fig. 32), from 
the incoming trunk leads to an idle position 
channel and the following operations take place 
in the position and position channel circuits. 
As previously stated, the closure of the cross-bar 
link switch Cross-points due to the operation of 
the Select magnets and hold magnets causes 
ground to appear on leads 5540 and 5543 as previ- . 
Ously traced, which operated relays 552 and 
55. The operation of relay 552 establishes 
obvious circuits for lighting the busy lamp 355 
and guard lamp 557. Relay 55 establishes an 
obvious circuit for guard lamp 554, 

552, 
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tion of relays 55 and 552 establishes a cir 
cuit for the associated channel relay which in 
this instance has been shown as relay 5503. 
This may be traced from battery, through the 
winding of relay 5503, contact f of relay 55, 
contact 3 of relay 552, contact 2 of relay 5503 to 
ground on contact of relay 6507. Relay 5503 
locks to ground on its contact 2 and opens the 
operating circuit for relay 650T extending 
through its contact . The release of relay 6507 
releases relay 5508 so that all channels of the 
position are made busy during the period re 
quired by the operator in completing the connec 
tion. The operation of relay 5503 connects 
ground from contact of relay 5600 through 
contact of relay 5503, winding of relay 5507 
to battery. The operation of relay 5507 causes 
the operation of relay 5504 from ground through 
contact 4 of relay 5506, contact 8 of relay 5507, 
winding of relay 5504 to battery, and changes the 
guard lamp 554 from a steady to a flashing con 
dition by the connection of interrupter 55 3 
through the lamp flament. This flashing sig 
nal indicates to the position operator that an 
incoming trunk has been connected to an idle 
channel of the position, and is a preparatory sig 
nal in advance of a tone signal given to the 
Operator a fraction of a Second later. Relay 
5507 establishes a holding ground circuit through 
its contact 3 and contact 4 of relay 552 for hold 
magnets 3205 and 3208 and for locking relay 

The operation of relay 5504 closes circuit 
paths for the talking and signaling conductors 
from the link switch to the position, opens the 
locking path for relay 55 which restores to nor 
mal and closes the operating path for relay 5505 
through contact 0 of relay 5504, contact of 
relay 5600, contact f of relay 6603, contact 3 of 
relay 6503, contact 2 of relay 6604 to ground. 
Relay 5505 is a marginal check relay and only 
operates if no other like relay in another chan 
nel is operated. There is a condition of overlap 
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calls wherein another relay. 5505 in a different 
channel may be associated with this relay 5505 
so that its operation must await the completion 
of the overlap call. It then operates for con 
necting conductors through from the position 
circuit to the link switch. 
The operation of relay 5504 establishes a cir 

cuit through the cross-bar Switches for Operating 
relay 22 in the incoming intertoll trunk cir 
cuit, which circuit may be traced from ground 
through contact of relay 5604, contact of 
relay 5603, contact 6 of relay 5504, lead 5546, con 
tact 2 of switches 3203 and 3200, lead 323, con 
tact 2 of relay 220 to battery through the wind 
ing of relay 22 which locks to ground on con 
tact 6 of relay 30 through contact f of relay 
320, contact 2 of relay 202, contact 3 of relay 
304 and contact 5 of relay 220. The operation 

of relay 22 removes the link start ground from 
lead 4300 extending through contacts of relays 
434, 4206 and 4207 to lead 4228, causing the re 
lease of relay 520 in the link control circuit. 
Release of this relay causes the release of re 
lays 5303 and 520 which causes the release of 
relay 6304. When the link is made busy by the 
application of ground to the hold magnets relay 
640 is operated which removes battery from lead 
4.253 which causes the release of the test relay 
6405. Release of this relay and relay 6304 which 
was released previous to the release of relay 640, 
establishes a circuit for the operation of link 
control circuit release relay 5403 which operates 
over a circuit from battery through its winding, 
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contact of relay 6304, contact of relay 640 to 
ground through the contact of relay 6405. 
The operation of relay 5403 releases relay 

6306 and relay 5407, operates relay 5405 and re 
moves ground from the chain contacts of relays 
6206 to 62 fl initially used to operate relay 6208. 
The latter relay also releases. Relay 5405 locks 
to ground supplied by relay. 5402. and prepares a 
circuit for relay 5404 which operates when relay 
5403 releases if another call is waiting service. 
Relay 620 is also released which removes bat 
tery from the secondary select magnet 3208 on 
the link frame. This magnet releases, opening 
the circuit for relay 630. This causes the link 
chain to remove ground from relay 540 which 
releases. The release of relay 6208 opens the 
circuit for relay 5305 which opens, the battery 
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circuit for relay 432 f thus releasing the relay on 
the link frame which controlled the double test 
of the selected channel circuit, and further causes 
the release of relay 6207 which was used to make 
the position channel connection. Battery is also 
removed from the test circuit relay 6405. The 
release of relay 6207 opens the circuit for relay 
630 and removes ground from associated leads. 
Relay 6307 opens the circuit for relays 6302 and 
6406. The release of relay 6406 causes the re 
lease of relay 6402 which now opens the circuit 
for relay 633 and the control circuit release re 
lay 5403. A circuit is now established through 
the contacts of the release relay 5403 for Operat 
ing relay 5204 which remains operated if another 
call is awaiting Service. If no other call is await 
ing service relay 634 is released. The releasing 
of this relay opens the starting circuit causing 
release of relay 420 and the release of relay 
4209. This releases the connector relay 420 and 
the multicontact relay 4206 opening the circuit 
for relay 4208 and other circuits between the con 
nector and the control circuit which releases 
relay 5402 and relays associated therewith. This 
removes ground from the test conductor of the 
control circuit permitting its seizure by another 
COnnectOr. 

Class of trunk signals 
The operation of the previously described relay 

550 in one of the channels connects ground 
through its contact, to the winding of relay 
6508. This relay operates and connects ground 
through its contact , contact 5 of relay 5600, 
contact of the normal class relays 727 and 
729 to battery through the winding of class 
relay 6504. Relay 6504 operates and connects 
leads 554 and 5548 through its contacts and 
2 to the windings of class relays 722, 7222, 7223 
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and 7224, to battery through resistances 225 
and 7226, respectively, thus starting class deter 
mination. The ground from contact of relay 
6508, also extends ground through contact 3 of 
relay 6504 for operating relay 650. Relay 650 
opens leads 5547 and 5548 extending to the tele 
phone circuit and operates relay 65f through 
its contact 2 to ground on contact of relay 6508. 
Relay 6508 locks to this operating ground 
through its contact 6. The class signals are 
transmitted to the position circuit in order that 
the position sender and marker may be guided 
by the type of incoming intertoll trunk connected 
therewith. The incoming toll trunks which are 
connected through the cordless position for toll 
or terminating connections may be of the ring 
down or straightforward type from distant toll 
offices or from tandem offices and they may vary 
in transmission characteristics. For example, a 

15 
via intertoll outgoing trunk must be selected by 
the marker for a call from a distant toll office 
which shall be routed outgoing to another toll 
office. On the other hand, if a call is for a con 
nection which may extend from one toll office to 
this cross-bar switching toll office and there ter 
minate in a local subscriber's station, it is not 
necessary to use a toll trunk of the equivalent 
transmission characteristics as used for the via 
connection. There are also trunks which are 
of these characteristics in so far as transmis 
sion qualities are concerned but which have dif 
ferent signaling devices such as the difference in 

0. 

signaling between the straightforward intertoll . 
trunk and the ring-down intertoll trunk. The 
class signal in each case indicates the character 
of the trunk by associating a grounded circuit, 
which may or may not have resistance in series 
therewith, and open circuits in various combi 
nations with the class relays. These are con 
nected from the trunk circuit through the con 
tacts of relay 30 or a similar relay in the dif 
ferent intertoll circuits over leads 3223 and 3224 
through the cross-bar Switches of Fig. 32, over 
leads 5547 and 5548 to the class relays 722, 
7222, 7223 and 7224. These relays are marginal 
and consequently Operate.according to the resist 
ance in series with the energizing circuit. The 
following are examples of some combinations 
that are made: If a grounded resistance is con 
nected to lead 5547 and lead 5548 remains open, 
relay 22 operates, which energizes relay 727. 
Relay 2 is operated through the contact of 
relay 722 to ground on contact ff of relay 65 
and locks to this same ground. When lead 5547 
is connected directly to ground with no resistance 
in series therewith, relays 722 and T222 are op 
erated which causes the operation of relays 727 
and 728, both locking to ground on contact if 
of relay 65. The same combination is used 
where lead 5548 is either connected to direct 
ground or ground resistance therein which oper 
ates relay 223 in one case and both relays 7223 
and 224 in the other case. This causes the op 
eration of either relay 729 or both relays 729 
and 220 which lock in the same manner as de 
scribed for relays 727 and 72 f. Other varied 
combinations are used throughout to indicate 
the characteristics of different trunks. These in 
dications are later transmitted to the sender and 
marker used for connecting the incoming trunk 
to an intertoll outgoing trunk having the same 
transmission characteristics. 

It will be noted that when any class determi 
nation is made the operating path for relay 6504 
is opéned by the operation of either relay 727 
or 29, thus causing the release of relay 6504. 
The release of relay 6504 operates relay 6509 and 
releases relay 650. The circuit for relay 6509 
may be traced from ground through contact 5 of 
relay 65, contact 5 of relay 6504, contact 5 of 
relay 5600 to battery through the winding of 
relay 6509. Relay 6509, in operating, associates 
ground with lead 5549 to operate the splitting 
relay 30 of the incoming trunk over a circuit 
which may be traced from ground through con 
tact of relay 6509, contact 9 of relay 5504, lead 
5549, contacts 6 of the switches 3203 and 3200, 
contact 4 of relay 22, winding of relay 30 
to battery. Relay 650 is slow to release and 
prevents further action in the position until suf 
ficient time has elapsed to guarantee that the 
Splitting relay 30 has operated. The splitting 
relay disassociates the inward and forward ends 
of the trunk and associates the forward end with 
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the cordless position circuit. However, prior to 

5 

the operation of the splitting relay a check for 
sleeve holding ground is made by the applica 
tion of ground to the inward sleeve lead 550 by 
the operation of relay 304 in the incoming trunk 
as previously described. If this ground is pres 
ent and the leads between the position and the 
incoming trunk are closed, relay 650 will Oper 
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ate over a circuit which may be traced from bat 
tery through the windings of relays 650 and 
6506 in series, thence through contact 5 of relay 
5604, contact 6 of relay 5609, contact 5 of relay 
S60, contact 4 of relay 6603, contact of relay 
5507, thence over lead 5550 to contacts 9 of the 
link switches (Fig. 32), thence over lead 3228 
through contact 9 of relay f30 to ground on 
contact 4 of relay 304. 
ground on contact 8 of relay 65. 

Relay 6505 is locked to 
This low 

resistance holding ground later serves to hold 
20 

25. 
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the switch hold magnets of the incoming and 
outgoing link frames, Figs. 9, 10 or 14, 15, and 
certain relays in the incoming and outgoing 
trunks if at Such certain times the splitting relay 
30 of the incoming trunk is operated. In the 

circuit above traced for a new call, relay 6508 
does not operate. This distinguishes between 
new calls and recalls by making a check to de 
termine whether an established connection ex 
ists. After the operations of relay 6505 and the 
splitting relay 30 in the incoming trunk cir 
cuit, the marginal test relay 6506 will operate 
if the hold magnets of Cross-bar Switches of a 
previously established connection associate bate 
tery circuit traced through the winding of relay 
6596 to ground on contact 8 of relay 65, thus 
indicating a recall on a connection already estab 
lished. A circuit is established for relay 6600 
through the contact of relay 6506, contact 4 of 
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relay 65, contact 2 of relay 650, contact 5. 
of relay 5600 to ground on contact of relay 
6508. The operation of relay 6600 supplies 
ground to the position circuit for lighting one of 
the recall lamps 77, 78 or 779, the purpose 
of these lamps to be explained later. If no con 
nection has already been established, relay 650s 
does not operate at this time but ultimately op 
erates when the marker has established the con 
nection and has released. 
The forward relay such as 5505 of the position. 

channel is operated if no other forward relay in 
the sequence circuit is operated. A circuit for 
this relay is established when the backward re 
lays 5504 and 550 of the channel operate. Re 
lay 5505 establishes a circuit for relay 5608 over 
an obvious circuit and the latter relay estab 
lishes a circuit for relay 6503 which ties the for 
ward and backward portions of the position cir 
cuit together for service on the same call. The 
circuit for relay 6503 may be traced from ground 
through contact 3 of relay 5608, contact 3 of 
relay 6603, thence through the winding of relay 
6503 to battery. 
For the purpose of indicating to the operator 

what type of call is to be answered, an arrange 
ment of signals is provided which are operated 
by relay combinations in the position circuit un 
der the control of the ring-down incoming inter 
toll trunk circuit (Figs. i2 and 13) or incoming 
intertoll trunk circuits of other characters which 
have apparatus responsive to different signals 
transmitted over the toll lines or . trunks. The 
operation of apparatus in the incoming trunk 
circuit under different conditions connects bat 
tery through different values of resistance which 
lead 3226 which may be traced through the link 
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550 and thence switches (Fig. 32) to lead 

through the windings of marginal relays 2, 
22 and 23 to ground. The number of these 

relays operated depends upon the value of re 
sistance associated therewith responsive to calls 
of different character. For example, when the 
call is a new call for connection to an outgo 
ing toll trunk, relay 22 is operated which as 
sociates resistance 2 in circuit with relays 
2, 22 and 723. The value of resistance 2 

is such that only relay 72 is operated. This 
establishes a circuit for relay 706 to ground on 
contact 2 of relay 65. Since it is a new call, 
apparatus will be in position to establish a cir 
cuit for relay 24 from battery through its wind 
ing, contact of relay 6600, contact 3 of relay 
65 to ground on contact of relay 650. This 
will establish a circuit for giving the operator a 
distinctive tone, as described later. In the case 
of a recall from the calling distant operator, the 
same circuits will be established with the ex 
ception of the circuit for relay 724. As pre 
viously explained, in the case of a recall relay 
6600 is operated and thus there would be no cir 
cuit for relay 24. 

and a distinctive tone indicating a recall is trans 
mitted to the operator. 
The following is in advance of a description of 

the apparatus and circuits for establishing a con 
nection to a distant office but will be covered at 
this time in connection with the position circuit 
structure. In the case of a recall from a called 
office Over an outgoing trunk and through the 
switches of Figs. 9 and 10 or Figs. 14 and 15 
which have been previously set by the marker for 
completing a connection, circuits are established 
for relays 22, 320 and 308 of the incoming 
trunk (Figs, 12 and 3). The operation of the 
above three relays connects resistance, 30 in 
series circuit with relays 72, 722 and 723. 
The value of resistance 30 is such as to cause 
the operation of relays 2 and 722. The op 
eration of both relays 2 and 722 establishes 
an obvious circuit for relay O5 which estab 
lishes a circuit for lamp f8 and associates a 
distinctive tone with the operator's headset. A 
different signal is given when the distant called 
party does not answer. In this case, incoming 
trunk relays 22 and 320 are operated which 
connects resistance 309 in series with relays 
2, 22 and 723. The value of resistance f309 

is such as to cause the operation of all of the 
above three relays. The operation of these three 
relays establishes an obvious circuit for both re 
lays 05 and 706 which establishes a circuit for 
lamp 79 through their contacts. 
The tone circuit, known as the "order tone,' 

for indicating to Operators that a connection has 
been established is under the control of the tone 
relays shown in Fig. 71. The operation of either 
of relays 705 or TOS indicates to the position 
operator, that the incoming call is from a ring 
down intertoll trunk and also establishes a char 
asteristic circuit to the marker. With these re 
lays released, circuits are established for indicat 
ing that the call is from a straightforward in 
tertoll trunk. In the case where both relays are 
released three pulses of order tone are trans 
mitted to both the distant operator and the cord 
less Operator. 
is operated the tone will be transmitted only to 
the Cordless operator. 
mitted when relay 705 is operated and two pulses 

Therefore, in the case of 
a recall a circuit is established to light lamp 77 

When only one of the above relays' 
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One pulse of tone is trans 
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of tone are transmitted when relay 706 is oper 
lated. 

The order tone circuit is established from the 
position control circuit through contact 0 of re 
lay 65 which associates ground with lead 740, 
through contact 4 of relay 708, lead 74, contact 
4 of relay 727, contact 4 of relay 726, winding 
of relay 728 to battery. Relay 728 is the first 
of a series of operations for energizing and de 
energizing the tone circuit. This tone circuit 
may be traced from tone source 742 through 
various contacts of relays T20, 725, 726, 727 
and 728, thence through the right winding 7 
of tone transformer i? O9 to ground. The tone is 
transmitted by induction through winding 70 
of tone transformer 709, through contacts f and 
5 of relay 708 to the talking conductors which in 
one case extend through contacts f and 5 of re 
lay 7203 and windings 7205, 7206 and 7207 of 
transformer 7204, by induction through coil 7208 
to the cordless operator's headset. As previously 
stated, or certain calls the tone is transmitted 
only to this cordless operator, but in the case of 
a straightforward intertoll incoming call, when 
relays 705 and 706 are both released, the tone 
is transmitted through contacts and 7 of relay 
706, and 8 of relay 705, thence through the 
contacts of relays 7 to 2 and 70?, contacts 4 and 
5 of relay 5504, leads 5544 and 5545 to the trunk 
conductors. The sequence of operation of the 
tone relays is as follows: Relay 728 operates to 
ground on contact 0 of relay 65 as previously 
traced. The Operation of this relay establishes 
a circuit for relay 727 to the same ground 
through contact 4 of relay 728 and contact 4 of 
relay 26. The operation of relay 727 closes the 
tone circuit through its contact 3 from the tone 
source and the tone coil 7 ff. Relay 727 locks 
through its contact 4 and contact 4 of relay 726 
and opens the operating circuit for relay 7, 28 
Which releases. A circuit is thus established for 
relay 726 through contact 5 of relay 7 f 27 and 
contact 3 of relay 728. The operation of relay 
726 opens the tone circuit for ending the first 
impulse of tone. The circuit for relay T 27 is 
opened by the operation of relay 726, causing its 
release. A circuit is now established for relay 
725 through contact of relay 726 and a lock 
ing circuit is established through its contact 3. 
This sequence of events again establishes an 
operating circuit for relay 7 28 through contact 
6 of relay 7 26 and contact 4 of relay 727. A 
second impulse of tone is now started by again 
closing the tone circuit through contact f of re 
lay 728, normal contact of relay 727, con 
tact of relay 25, which is operated through 
coil 7 fff, to ground. The circuit of relay 7 f26 
was opened by the operation of relay 728 and re 
leases. A circuit is now established for relay 727 
which is the same as the circuit over which it was 
previously established, and a circuit is also es 
tablished for relay 720 through contact 2 of 
relay 725, which is held locked, contact 2 of re 
lay 727 and contact f of relay 726 to the original 
ground as traced from contact ?o of relay 65. 
Relay 720 locks to this same ground. Operation 
of relay, 727 opens the circuit for relay 728, 
causing its release and opening the tone circuit 
which ends the second pulse of tone. A circuit 
is now established for relay 26, which circuit is 
the same as previously established for this relay. . 
This again closes the tone circuit for a third in 
pulse of tone and opens the circuit for relay f2. 
This tone circuit, which is the last tone circuit 
established, may be traced from the tone source 
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f42 through contact f of relay 728, contact 2 of 

relay 26, contact 3 of relay 720, winding 7 if 
of the tone coll to ground. A circuit is now estab 
lished for relay 728 through contact 6 of relay 
f26, contact 4 of relay 727 over lead 74 to the 

original ground, and the operation of relay. T28 
opens the tone circuit and terminates the third 
impulse and also establishes a circuit for relay 
708 through contact of relay 720, contact 2 
of relay 727, contact 2 of relay 728 to the 
originating ground. Relay foe, in operating, 
establishes a locking circuit for itself through its 
contact 4 to ground over lead 740. The opera 
tion of relay 708 separates leads 740 and 74 
at its contact. 4, thus releasing all of the relays 
which were held to this ground including 720, 
25 and 28. 
The foregoing explains the operation of the tone 

circuit when a series of three tones is given in the 
case where a call is incoming to the toll office 
over a straightforward trunk, which tone is heard 
by the Cordless operator and the originating toll 
Operator in a distant office both in the case of a 
new call and in the case of a recall by the originat 
ing distant operator. On a call of this character 
neither relay 705 nor 706 is operated. 
As previously described, where an incoming 

ring-down trunk is used for an incoming call re 
lay 706 is operated when the call is a new call 
or a recall from the calling distant operator. 
Upon the establishment of a recall from the dis 
tant calling office where the called party does 
not answer, relay 705 is operated. In the air 
rangement of apparatus when the called party 
does not answer both relays 705 and 706 are 
operated but relay 705 is the only one effective 
for controlling the tone circuit. 

It will be remembered that when the class in 
dications were described the operation of relay 
72 indicated a new call from an incoming ring 
down intertoll trunk or a recall from the calling 
end of an incoming ring-down intertoll trunk and 
that on this call or recall a circuit was established 
for relay 706 and, as stated, only one pulse is 
transmitted to the cordless operator. The talk 
ing circuit to the incoming trunk is opened 
through contacts and 7 of relay 7 06 and thus 
this pulse does not reach the incoming trunk and 
is not transmitted to the originating distant toll 
operator. With relay 706 operated, a circuit is 
established for relay 708 after one pulse has been 
transmitted. This circuit may be traced from 
batterythrough the winding of relay 7 108 through 
normal contact 3 of relay 7 fo5, contact 3 of re 
lay fos, contact of relay 726 which is operated 
at this time, and thence to ground over leads 74 
and 740 to contact 4 of relay 708 and contact 
O of relay 65ff. Relay 708, in operating, sepa 

rates leads 74 and 740 and locks through its 
contact 4 to lead 740. The relays of the tone 
circuit are thus released and the transmission of 
tone is ended after One pulse. It will also be re 
membered that relay 705 is operated on a recall 
from the called toll office or when the called party 
does not answer. With relay 705 operated, two 
pulses are transmitted to the cordless operator 
but these pulses of tone do not reach the in 
coming or outgoing trunk. With relay 705 
operated, the operation of the tone circuit relays 
proceeds as previously described until relay 7 27 
operates the second time. A circuit is then estab 
lished for relay 7 08 from battery through its 
winding, inside contact 3 of relay 705, contact 
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2 of relay 7 25, contact 2 of relay 7 27, contact 2 
of relay 7 128 to ground over lead 7 4?. The oper 
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ation of relay 08 opens the tone circuit as pre 
viously described and locks through its contact 4 
to lead fl. 

In certain instances more than one operation 
has taken place at the same time, For example, 
the sender start relay 502 is operated as soon as 
certain relays are in the following positions: Re 
lay B508 operated, relay 500 released, relay is 
released, relay 65 operated, relay 6506 released, 
relay B503 operated and relay 650 released. The 
operating circuits for the foregoing relays desig 
nated as operated were established as previously 
described. The circuit for the sender start relay 
6502 may therefore be traced from ground 
through contact of relay 6508, contact 5 of relay 
5600, contact 2 of relay 50, contact 4 of relay 
B5, contact of relay 6506, contacts of relay 303, 
contact 2 of relay 650 f, winding of relay B502 to 
battery. Relay 8502 locks Over lead 656, contact 
of relay 5609, lead 568, normal contact 5 of re 
lay 6804, lead 660 to ground through contact 
2 of relay 5608 which was operated by relay S305. 
The operation of the sender start relay 6502 estab 
lishes an operating circuit for sender control relay 
2408 of the sender from ground through its con 
tact 3, lead 2420, winding of relay 2408 to battery. 
Relay 2408 operates relay 650 from battery 
through its winding, lead 656, contact 2 of relay 
5809, lead 242, contact 8 of relay 2408 to ground. 
Relay 650 locks to this same ground through its 
contact f over lead 242. This opens the operat 
ing path of the sender start relay 6502 which 
now remains operated under control of its lock 
ing circuit. The above relay 850 is slow in op 
eration to guard against too rapid seizure of the 
sender. r 

The elements of the position sender may be roughly divided with respect to their functions 
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into principal parts: the key-set, the register cir 
cuit, the connector control circuit for associating 
a connector between the sender and the marker, 
and control relays for establishing circuits 
through the connector to the marker for con 
trolling operations of apparatus in the marker. 
The key-set is of the locking type and consists 

of eleven rows of keys, each having ten individual 
keys. The eleven rows are numbered 0 to 9 from 
the bottom up and may carry letter designations 
in addition to the numerals for party designa 
tions used in some cases, Key 340 at the left 
of the code keys is used for associating incoming 
calls with the call order board (not shown). On 
calls to the call Order board, the cordless operator 
will operate key 340 and follow this with the op 
erator's number on the first row of keys. Key 
340 'operates relay 704 in the sender which 
establishes a circuit over lead 484 for operating 
the marker relay 470 which transfers the regis 
trations to a different set of relays for extending 
the call to the call order board. On all other calls, 
the cordless operator sets the code keys 3403, 
3405 and 3507 and continues across the key-set 
in regular Order when the numerical keys are 
required for setting the registers. Grounded cir 
cuits are established for the code keys 3408, 3405 
and 3407 by the operation of relay 570. Ground 
ed circuits for the numerical keys are established 
by the operation of a start key 4530 which is 
energized after the numerical keys have been 
set. The energization of key 4530 establishes 
a circuit for start relay 57.05 which maintains 
contacts closed for later use and at this time 
establishes a circuit for relay 24 over lead ST35. 

. This circuit may be traced from ground through 
5 contact 3 of relay 674 when operated, contact 4 
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of relay 7, lead S through the winding of 
relay 2 to battery. The numerical keys are 
required on terminating calls where an extension 
is completed in an office in the area in which this 
toll office is located and for calls requiring the 
services of an outgoing sender. The code regis 
tering keys and register relays of this toll of ice are 
wired in a manner to distinguish between toll 
calls which are extended to another toll ofce 
and toll calls which are terminated locally. For 
example, the toll codes are arranged so that an 0 
or 1 appearing as the first code indicates definite 
ly that the call is to be extended to another toll 
office and that the connection should be estab 
lished over the toll train of switches, Figs. 14 
and 15. For this purpose, when the 0 key of the 
key-set 408 is actuated, a positive signal is reg 
istered by operating the sender A? register relay 
880 and the sender A4 register relay 332. This 
registration is later transferred to a selected idle 
marker and, consequently, the A and A relays 
of the marker register are operated to designate 
that 0 is the first number of the code. This is 
also true of the 1 key which sets the A register 
relay 30 in the sender which later sets the A 
register relay of the marker to indicate that the 
first digit of the code is a 1. Otherwise, the code 
registers are set in a manner well known in the 
art. For example, when the operator sets the 
No. 1 key of key-set 3403, 3405 or 3407 an obvious 
circuit is established for operating the No. 1 relay 

" A, B or C register relays 3309, 4400 and 

and 4406. Key. No. 3 sets registers and 2 which 
in the A register would be 3309 and 33. Key 
No. 4 will set the No. 4 register, relays 332, 4402 
and 447. Key No. 5 sets the No. 5 register which 
are relays 38, 4403 and 4480. The other keys 
set registers which are additive to establish a cir 
cuit over the particular leads for setting the 
marker registers according to the code register. 
For example, key 6 operates registers 1 and 5; key 
7 operates registers 2 and 5; key 8 operates regis 
ters. 1, 2 and 5; and key 9 operates registers 5 
and 4. The registers operated establish circuits 
to the marker as soon as the connector circuit 
has been seized and established. It may be 
stated, however, at this time that the registra 
tions in the sender establish circuits through leads 
7456, 7457, 458 and 7459 for setting the marker 
A register relays in Fig. 46 according to the regis 
trations in the sender. The B registrations are 
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transmitted from the B sender register relay over 
leads 7452, 7463, 454 and 74.55 to the B register 
relays in Fig. 46 of the marker and the C regis 
trations are transmitted from the sender Creg 
ister relays over leads 7463, T464, 7465 and 74Bs 
for setting the relays of the C register in Fig. 58 
of the marker. 

It may be assumed for this example that the 
code registered is 057 which indicates an incom 
ing via toll call, which should be extended 
through the toll train of switches 4 and 5 to 
a distant toll Office. As soon as the sender is 
seized and relay 2408 operated, as previously de 
scrlbed, relay 57 is operated for associating 
ground supply circuits with the code keys 340, 
3408, 3405 and 3407. The circuit for operating 
relay 570 may be traced from ground on con 
tact 2 of relay 2408 over lead 575 through con 
tact 8 of relay 5700, winding of relay 570 to bat 
tery. The operation of relay 570 extends this 
ground from contact 2 of relay 248 through 
contact of relay 570, contact 4 of relay STO2, 
thence over lead 577 to keys 340, 3403, 345 
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and 34O7. The operation of the 0 key in key-set 
3403 connects this ground through the winding 
of relay 33 f2 and through the winding of relay 
3309. The operation of the No. 5 key in key-Set 
3405 establishes a circuit from this ground 
through the winding of the No. 5 B register relay 
4403. The operation of the 7 key in the key-Set 
3407 associates ground with the Winding of No. 5 
relay 4408 in the C register circuit and also 
through the lower winding of No. 2 relay 4406 
of the C register circuit. 
relays establishes circuits, as previously stated, 
for operating the marker register relays 1 and 4 
of the A register, 5 of the B register and 2 and 5 
of the C register. The operation of the sender 
register relays, as above given, establishes a cir 
cuit for relay 5700 from battery through its Wind 
ing, thence over lead 578 through contact 3 of 
relay 4408, contact 3 of relay 4403, contact 4 of 
relay 3309 to ground. The circuit for relay 5700 
is established after at least one register in each 
set of registers has been set. This relay now 
starts the selection of a connector circuit for 
connecting the sender with the marker. The op- . 
eration of relay 5700 releases relay 570 which 
establishes a circuit for the operation of relay 
6700 from battery through the lower winding of 
relay 6700, contact 3 of relay 6703, contact of 
either relay 67 OT or 6708 previously operated by 
the sender, contact 8 of relay 674 normal, con 
tact 2 of relay 5700 to ground on contact 2 of 
relay 2408. Either or both of the above relays 
67 OT and 6708 are operated when the sender is 
seized, depending upon the class registration of 
the calling incoming trunk or the registration 
made by the cordless operator on the code regis 
ter keys. 
When the transmission characteristic of a call 

ing incoming trunk is that used for via calls to 
an outgoing intertoll trunk extending to another 
toll office, relay 6707 is operated from battery 
through its winding, contact 4 of relay 67 f4 to 
ground on class register relay 29, which was 
operated as previously described, over a circuit 
to the incoming intertoll trunk. When the trans 
mission characteristic of the calling incoming 
trunk is that which terminates in the area of the 
toll office, a terminating call, relay 6708 is oper 
ated from battery through its Winding contact 
of relay 674, lead 1324 to ground on contact 4 
of class relay 27, also operated by a circuit as 
previously described extending to the incoming 
trunk. In certain cases on via calls in combined 
groups, relays 6707 and 6708 are both operated. 
In the case of a toll call with either relay 670 
operated or both relays 67.07 and 6708 operated, 
relays 57 03 responds to indicate to the marker 
that an intertoll connection is to be completed. 
When relay 67 Oil only is operated, a circuit for 
relay 57.03 may be traced from battery through 
its winding, contact 3 of relay 5704, contact 4 
of relay 6707 to ground on contact 3 of relay 
6708. When relays 6707 and 6708 are both oper 
ated and the code registers are set for routing the 
call to an outgoing intertoll trunk, the circuit 
for relay 57.03 is established through the register 
relays and may be traced from battery through 
its winding, contact 3 of relay 504, contacts 3 
and 2 of relay 6707, contact 7 of relay 674, over 
lead 6723, contact 6 of relays 3307 and 3308, con 
tact 6 of relay 3309, contact 6 of relay 33 nor 
mal, contact 5 of relay 333 normal to ground on 
contact of relay 2408. As previously stated, the 
register relay 3309 is operated by key 0 and thus 
indicates a toll call when relays 33 and 333 

The operation of these 
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are normal. It is apparent that, if eiter relay 
33 or 333 is operated as could be the case on 
a terminating call, the circuit above traced for 
relay 503 would not be completed. 
There are optional features in the toll system 

for transmitting code information to the marker. 
For three-digit areas, it is necessary to transmit 
information to the marker from the A, B and C 
code registers. In two-digit areas and other spe 
cific areas, it is only necessary to transmit in 
formation to the marker from the A and B regis 
ters with possibly a 0 for the C register which 
operates relays C and C4 for transmitting the 0 
to the marker register. For a one-digit area and 
other specific areas, it is necessary to transmit 
information to the marker only from the A regis 
ter. With a 0 from the B and C registers. This 
Would mean that the l and 4 relays are operated 
in both the B and C registers. This also applies 
to Code information for connections to special 
operators. The TX key 340? operates relay 47 of 
in the marker in order that the call be connected 
to a special operator. 

Marker CO2nector 

When the digits of the office code have been 
registered in the sender and relays 5700 and 6700 
have been operated or when the sender has rec 
Ognized a reorder signal, it establishes a start cir 
cuit for actuating a marker connector shown in 
Figs. 73 and 74. The function of the connector 
is to Seize an idle marker in a common group of 
markers and aSSociate the Sender therewith. If 
no marker is available the connector waits a lim 
ited time for an idle marker to become available 
and seizes this marker for making the proper 
connections. A busy connector is indicated by 
the operation of relay 7302 which associates 
ground with lead 7450 and an idle connector is 
indicated by the absence of ground on this lead. 
The operation of relay 5700 establishes a circuit 
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for testing the idle or busy condition of the pre 
ferred connector which circuit may be traced 
from battery through connector 4 of relay 57 00, 
contact 6 of relay 67 f, resistance 5720, winding 
of relay 5707, thence over conductor 7450 to con 
tact of relay 7302. If the preferred connector 
is busy and relay 7302 is operated the circuit is 
established for relay 5707 to ground on the con 
tact of relay 7302. The operation of relay 57 OT 
transfers the connector start lead to another con 
nector (not shown). The start lead for the 
preferred connector as traced later is over lead 
145 and for an alternate connector is over lead 
45A. If the preferred connector is idle, as will 
be used for this example, relay 302 remains nor. 
mal and a circuit is net completed for the oper 
ation of relay 5707. The connector start circuit 
is therefore completed from battery through con 
tact 3 of relay 6700, contact 4 of relay 67, con 
tact 4 of relay 6703, contact 6 of relay 6704, con 
tact 3 of relay 5707, conductor 745?, winding of 
relay 730 to ground, the latter relay being in 
dividual to this sender in this connector. This 
connector is shown associated with a plurality of 
senders, each having a relay such as 7300 or 730 
connected thereto. A chain circuit is extended 
through relays such as 300 and 730 to make the 
connector busy to other Sunders in a sendergroup 
When one Sender of the group seizes the con 
nector. As previously stated when a sender finds 
the preferred connector busy, it is transferred by 
the operation of relay 5707 to another connector 
and thus no interference is encountered between 
Senders of a group in seizing connectors for con 
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necting the senders to idle markers. Relay 78 
operates in the start circuit traced, which es 
tablishes a circuit for the multicontact relay 74 
from ground through contact 3 of relay 7300 over 
a chain circuit through like relays associated 
with a plurality of senders, thence through Con 
tact 3 of relay 730?, winding of relay T304 to bat 
tery as traced over start lead 745. The opera 
tion of the multicontact relay 304 now estab 
lishes a circuit from the sender over lead 75 for 
obtaining the use of an idle marker. This cir 
cuit is extended to a relay associated with the 
preferred marker. If this marker is busy the cir 
cuit is progressively advanced over a chain of 
contacts to find an idle marker. This circuit for 
obtaining access to an idle marker extends from 
battery on sender relay 600 through its contact 
3, contact 4 of relay BT, contact 4 of relay 6703, 
contact 3 of relay 5703 thence over conductor 
T44 through contact of relay 304, contact 2 
of relay 740, winding of relay 402 to ground. 
The circuit traced assumes that the marker 

preferred by this connector is idle. If, however, 
this marker has previously been seized by a send 
er using a different connector, a busy condition 
would have been established which would have 
operated relay 70 in the connector shown 
herein. This would advance the start circuit 
through the inner contact 2 of relay 40 for 
operating relay 404, if the marker No. 2 associ 
ated with relay 740 is idle. When this condi 
tion exists marker No. 2 is taken for use instead 
of marker No. 1 and the leads from the sender 
are extended to marker No. 2 by the operation 
of relay 7406. Assuming that marker No. 1 is 
found idle relay 402 is operated over the cir 
cult as previously traced which establishes an ob 
vious circuit for the multicontact relay 740s for 
connecting the operating and control leads from 
the sender to the marker. A busy condition is 
also immediately established for this marker in 
all other connectors where it appears for service 
connections to senders. The operation of relays 
7402 and 7405 places a shunt on relay 40 to 
prevent its operation when connected 
to lead 7498 by the maker as will be later traced, 
to make this marker busy to all senders associ 

This shunt circuit 
may be traced from ground on contact 3 of re 
lay 740 through contact 3 of relay 402 to a 
point between resistance 408 and the winding 
of relay 740. Ground is connected by, contact 4 
of relay 7405 to lead 749 extending through the 
winding of marker relay 5003 to battery which 
operates and connects ground through its con 
tact to lead 498 which extends through the 
windings of a plurality of relays 40 used for 
connecting this marker to senders through other 
connectors. As explained above a shunt was 
placed around winding of 740 in this connector 
from ground on contact 3 of relay 405 and 
therefore relay 74 in this connector does not . 
operate from ground placed on conductor 7498, 
but this ground is extended over multiple con 
nections 409 through the windings of other re 
lays the same as 40 in other marker connectors 
which do not have the shunt ground connected 
thereto. It is apparent therefore that in the 
other connectors the relay 40 operates for ex 
tending the start lead to another marker over a 
chain circuit previously described. The opera 
tion of the marker preference relay 402 also con 
nects ground from contact 5 of relay 7804 to lead 
T49 for operating relay 6808 which circuit may 
be traced as follows: Ground on contact of re 
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lay 784, contact of relay 402, conductor 749, 
contact of relay 807, contact of relay 680, 
thence over lead S8 through sheets 69, 70, 0, 
Bl, 49, iO, S, 40, 0, 20 and 9 to contact 4 of re 
lay 90? returning through the same sheets over 
lead to through the winding of relay 6808 to 
battery. The latter relay operates and locks to 
the same ground. The operation of relay 808 
establishes operating circuits from its contacts 
, 2 and 3 for relays 680, 6802 and 6803 over ob 

vious circuit paths through contact 2 of relays 
804 and contacts 2 and 3 of relay 680s. Relay 
808 also connects ground with leads 74.67, 748 
and 749 extending to the sender circuit through 
the multicOntact relays 405 and 7304 to leads 
767, 746 and 7469, respectively, in the sender 
circuit. Relay 6808 also connects ground to leads 
682, 68 is and 68 f4 extending to the marker and 
closes a circuit from battery through this con 
tact 4, the use of which will be given in the mark 
er circuit operation. To facilitate following the 
circuit paths from the sender, through the con 
nector to the marker, the circuit leads have been 
given the same numbers in the sender, connector 
and marker. 
When the marker Connector establishes a con 

nection between a sender and a marker, the 
marker immediately receives the record which 
has been set up in the sender. such as the record 
of the code, the preference of the sender for odd 
or even cross-bar Switch frame connectors, in 
formation regarding the type of incoming trunk 
Over which the toll call was initiated and the 
transmission characteristic of this trunk, the 
routing required over an outgoing trunk, and 
the transmission characteristic of the outgoing 
trunk including the train of cross-bar switches 
to be used for completing the connection. The 
character of outgoing trunk to be selected is given 
to the marker automatically by registrations of 
the class and type of calling incoming trunk and 
the Code registrations. The sender at this time 
tells the marker whether a previous attempt has 
been made to complete the connection from the 
calling incoming trunk. If the marker fails for 
any reason to function properly on the first trial, 
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its time measuring circuit will ground lead 43 
which operates relay 6703 to notify the sender 
to release the marker and make a second trial 
according to circuit operations later described 
for this second trial. In making this second 
trial a different marker is usually obtained, al 
though under some conditions the same marker 
may be selected. The timing circuit 508 is 
shown diagrammatically associated with a timing 
interrupter which operates a series of relays 504, 
SOS, 50, 506 and 503. Relay 503 connects 
ground to the lead 743, through the connector 
for operating the relay 67.03 in the sender. Re 
lay 703 releases relays 600 and 5700, which 
opens the start leads for the connector and 
marker thereby releasing the leads therebetween 
and breaking all direct connections between the 
sender and marker and also releasing all relays 
used for registering information in the marker. 
Subsequently, the relays 6700 and STOO are re 
operated for making a second trial to complete 
the connection. All of the register relays in the 
marker, including those which record the above 
items of information, are reoperated, provided, 
of course, none of their leads are open. Those 
which are not operated by ground from the 
sender are operated by ground from the contacts 
of relay it extending to contacts of sender 
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register relays as will be shown throughout the lished by registrations in the sender. Therefore, 
description. 

Marker registrations ". . . 
Considering this as a first trial with the mark 

er associated with the sender as previously de 
scribed, the following register relays in the 
marker are operated, including registers for es 
tablishing an initial Series checking circuit, some 
of which may be released before connecting cir 
Cults are established. All of the A and B regis 
ter relays of Fig. 46 and the C register relays 
in the upper portion of Fig. 58 are operated from 
ground placed on leads 1467 and 7469 by the op 
eration of relay 6808 in the marker or by grounds 
placed on Some of the leads 7452 to 7459, inclu 
sive, and leads 7463 to 7466, inclusive, by the op 
eration of some of the sender register relays. 
The ground circuits for leads 74.67 and 7469 may 
be traced from contacts and 3 of relay 6808 
through contact 3 of relay 6805 and contact 2 of 
relay 6804, thence through the contacts of con 
neutor relays 1405 and 7304 to the contacts of the 
sender register relays 3309 to 33 f3, and 4400 to 
4408, inclusive. Ground circuits are thus estab 
lished through the contacts of all A, B and C 
sender register relays which are not at the time 
operated and extended over any of the leads 452 
to 7459, inclusive, and 7463 to 7466, inclusive, as 
Sociated therewith, through the contacts of Con 
nector relays 7304 and 7405 to the windings of 
the marker A, B and C register relays. Relay 
5808 is operated over lead 39 from the Sender 
class relays or from ground on lead 468 over 
lead 7462 extending to the marker. Relay T005 
is operated from ground on lead 468 which is 
connected in the sender to lead 748. Relay 
004 is operated through the contacts of the 

sender class relays over lead 482; relay 4 0 is 
Operated from ground through the contacts of 
relays 5704 over lead 7484. Relay 5807 is oper 
ated over the lead 746 and ground through the 
contacts of relay 6704. Relay 5806 is operated 
from this same ground. Relay 5805 is operated 
over lead 7460 either from ground on the con 
tact of relay 6702 or from ground applied by 
relay 6808 to lead 1468 which, as noted, is con 
nected to lead 460 in the sender. While these 
register relays are all operated, a series circuit is 
established through their contacts for the opera 
tion of relays 6804 and 6805 which may be traced 
from ground on contact 4 of the All register re 
lay 460 over a series circuit extending through 
the contacts of the A register relays 4602, 4603 
and 4604 to contact 3 of the B register relay 
4605, over a series circuit through the contacts 
of B register relays 4606, 4607, 4588 and 4609 to 
contact 3 of C register relay 589, over a series 
circuit through B register relays 5802, 5803 and 
5804, thence through contact 3 of relay. 5805, 
contact 6 of relay 470, contact of relay 7 004, 
contact 4 of relay 7 005, contact 3 of relay 4008, 
contact 2 of relay 5808, contact 2 of relay 680, 
contact 2 of relay 6802 and contact 2 of relay 
6803 through the left windings of relays 6804 
and 6805 to battery. The operation of relays 
6804 and 6805 removes ground from the Windings 
of relays 680, 6802 and 6803 and from leads 
7.467, 74.68 and 7469. The removal of ground 
from leads 74.67 and 7469 disconnects ground 
from the windings of the marker register relays 
which were operating through circuit paths ex 
tending through the contacts of the non-oper 
ated sender A, B and C register relays. The 
removal of ground from lead 468 also disestab 
lishes circuits as traced which are not estab 

assignment frame. 

at this time the only register relays in the mark 
er which remain operated are those which are 
Operated directly from ground through contacts 
of operated sender register relays for recording 
information to the marker to guide the marker 
in completing the connection as designated over 
the incoming intertoll trunk. 
The operation of relay 6804 and release of 

relays 680, 6802 and 6803 establishes a circuit 
from ground on contact of relay 6804 through 
contacts f of relays 6803, 6802 and 680, wind 
ings of relays 6806 and 6807 to battery which 
operate both of the latter relays. The operation 
of relay 6808 also, connects ground to leads 68 f2, 
683 and 684. A circuit is established for marker 
battery and ground supply relays 903 and 904 
from ground on contacts of relay 6808, over lead 
682 extending through sheets 69, 70, 60, 6 , 49, 
50, 5, 40, 30, 20, contact 3 of relay 90?, windings 
of relays (903 and 1904 to battery, both of which 
operate. The circuits over leads 683 and 684 
are not established at this time and are used 
during the operation of the marker apparatus. 

Route relay selection 
The route relays are operated over circuit paths 

created by the operation of the register relays, 
Figs. 46 and 58, certain fifties relays and certain 
tens relays. As is well known, the number of 
fifties and tens relays depends upon the maxi 
mum number of routings to be established in 
an office. Only two fifties relays, 5903 and 5904, 
and two tens relays, 590 f and 5902, have been 
shown for completed typical circuit paths for this 
toll office. The circuits for the operation of 
fifties relays are established through the con 
tacts of the A register relays 460?, 4602, 4603 
and 4604 and B register relays 4608 and 4609. 
The circuits for the operation of tens relays are 
established through the contacts of B register 
relays 4605, 4606, 4607 and 4608. The circuit 
paths for the operation of the route relays are 
Over a combination of relay contacts established 
by the Operation of certain of the C register 
relays 580 , 5802, 5803 and 5804, certain tens 
relays, such as 590 and 5902, and certain fifties 
relays, such as 5903 and 5904. It is clear that 
a large plurality of contact combinations can 
be made in the above manner for establishing 
circuit paths for the operation of different route 
relays. The circuit for route, relays is extended 
from the windings of the route relays through 
the contact combinations established through 
the above relays to ground on the contacts of 
relays 6804 and 6805, as will later be traced. An 
example of route relays for this toll office is 
shown in the right portion of Fig. 47 and the 
left portion of Fig. 48 for a SSociating incoming 
trunks with outgoing trunks having particular 
destinations. There may be approximately as 
many route relays assigned for intertoll routes 
as there are trunk group relays, which are also 
known as trunk block relays, associated with 
the various groups or subgroups of outgoing 
trunks to toll offices. Other route relays are 
assigned for connecting incoming trunks from 
toll offices with outgoing toll Switching trunks 
to offices. Within the area of the toll center and 
to trunks extending to tributary offices which 
may appear on either the toll trunk assignment 
frame Fig. 31 or the terminating trunk Fig. 51 

Other route relays are as 
signed for toll trunk groups, knoWn herein as 
jump hunt groups of trunks, which may be 
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22 
reached by a route relay, such as relay 02, 
which may be assigned to a group of trunks 
which has been added for the purpose of enlarg 
ing a regular group of trunks. The jump hunt 
routing will be explained in connection with 
trunk groups which do not have sufficient ca 
pacity to handle an unforeseen demand with re 
lation to calls for a particular toll office. This 
addition of trunks on a jump hunt basis is, how 
ever, made necessary only when there is insuf 
ficient space for the added group of trunks on 
the same frame with the original group of trunks. 
The means of associating this added jump hunt 
group of trunks with the trunk group originally 
assigned to an office will hereinafter be explained 
in connection with the frame number indicat 
ing system. The trunk block associated with 
a group of outgoing trunks ordinarily has a ca 
pacity for forty trunks each having a route 
relay assigned thereto for associating the appa 
ratus of the marker with the test terminals and 
apparatus of the outgoing trunks of the group 
through the contacts of multicontact trunk block 
relays such as shown in Fig. 31. There is a large 
plurality of such trunk block relays which is at 
least the equivalent of the number of route re 
lays to facilitate the association of the appara 
tus of the marker with all groups and subgroups 
of trunks to assign a connection from an in 
coming trunk to an available idle outgoing trunk 
having the desired destination. 
A large plurality of three-digit codes may be 

provided for intertoll switching and service codes, 
terminal codes which the sender receives as One, 
two or three-digit codes are usually received by 
the marker as three-digit Codes with Zero Sub 
stituted by the sender for omitted digits. Ex 
amples of arrangements are given below with 
arbitrary letters for different characters of areas. 
A, B, C area-Absence of Zero or one in all three 

places. 
A, B, X area-Absence of zero or one in first two 

places. 
A, B area-Absence of zero Or one in first two 

places. 
A area-Absence of Zero or one in first place. 
A, B or A, B, X area-Absence of zero or one in 

first two places. 
A or A, B area-Absence of zero or one in first 

place. 
Three-digit codes not used for local or service 

codes or not started with Zero are used for inter 
toll codes. Examples of three-digit toll codes 
may be distinguished as follows: 
Area 1-Any code containing Zero or one in any 

digit except codes starting with one which also 
have one in the second or third place. 

Area 2-Any code containing Zero or One in the 
first two digits except codes starting with one 
which have One in the second position. 

Area 3-Codes containing zero or one in first 
digit except codes starting with one which 
have One in the third position. 

Area 4-Where three digits do not provide 
enough intertoll codes, four-digit codes may 
be employed. It is, however, not necessary 
that they be disclosed for the invention being 
described. 
As hereinbefore stated the tributary trunks 

outgoing from the cross-bar switching office aps 
pear in both the toll train of Switches and the 
local train of Switches and consequently tribu 
tary codes may be either terminal or intertoll 
COdes, 

code. 
registers a terminal COde. A circuit in the mark 
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Delayed outward operator codes may be one, 

two or three-digit codes but no combination of 
these is used for reaching the delayed outward 
operator who may be centralized or decentral 
ized. The incoming sender on calls from puls 
ing trunks receives distinctive preliminary digits 
such as and on calls to the cordless position 
the position sender recognizes the depression of 
the delayed outward operator's key as a signal 
that a delayed outward code. is required. In 
either case lead T484 to the marker is grounded 
to operate the cut-in relay 470 which trans 
fers the registers to a different group of fifties 
relays for the operation of the correct route re 
lay, extending the connection to the delayed out 
Ward Operator. 
Incoming intertoll calls may be for groups con 

taining terminal, via or combined trunks or any 
combination of the three. The type of trunk re 
quired is usually indicated by the first digit in 
the intertoll code such for instance, as the zero 
alone or a zero preceding a One registers a via 

A one alone or preceding a One or zero 

er from ground on contact 2 of relay 6806 through 
normal contact 5 of relay 470 and contacts of 
the A, B and C register relays (Figs. 46 and 58) 
when operated for registering a via toll code is 
used to operate the via code relay 7002. Another 
circuit from the same ground and contact 5 of 
relay 47 when it is operated is directed through 
the contacts of the A, B and C register relays 
operated for registering a terminal code is used 
to operate a non-via code relay 700 which oper 
ates on all terminating calls. The via relay 907 
or terminal relay 6908 used for controlling the 
test of trunks in Subgroups is thus Operated de 
pending upon the routing of the call. 
The provision of two trains of switches, one 

for telephone connections which terminate with 
in the area of the toll office and the other train 
of Switches for telephone connections which are 
extended to distant toll offices, makes possible 
the selection of many more paths for complet 
ing telephone calls than would be possible with 
a single train of switches. The character of the 
intertoll trunks connected to either train of 
switches is the same. Trunks which are known 
as via intertoll trunks are connected through the 
toll train of Switches when extended to a distant 
toll office but are connected through the termi 
nating train of Switches when extended to an 
office within the area of the toll center. The 

. character of the trunk used depends entirely 
upon the distance Over which the call must travel 
and the train of Switches used depends entirely 
upon where the call terminates. A call using a 
via inter-toll trunk may originate in a distant 
toll office, for example, office A, and be extended 
through the toll train of switches of this toll office 
to a third toll office. A call originated in this 
same distant toll office, for example, office A, 
which is to be terminated in the cross-bar switch 
ing toll office, would use a terminal intertoll trunk 
and connection would be made over the terminat 
ing train of Switches. A call originating in a 
second distant toll office through office A.which 
is to be terminated in this cross-bar toll office 
would use a via intertoll trunk which would be 
extended through the terminating train of 
switches in the cross-bar toll office to a toll 
switching Outgoing trunk extending to an office 
within the area of the toll center. The fore 
going explanation is given to point out the ad 
vantage of two trains of switches in the cross 
bar toll office and to make clear the character 
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of trunks which are used for different Connec 
tions over the different trains of Switches. 

Routing over toll train of switches 
A typical arrangement of route relays has been 

disclosed in the right portion of Fig. 47 and the 
left portion of Fig. 48 for controlling routings 
to different characters of outgoing trunks which 
is believed to cover examples of sufficient Scope 
to demonstrate the completion of connections 
from incoming calls from intertoll or tandem. 
trunks to distant toll offices or to terminating 
offices within the area in which the cross-bar 
switching office is located or which may be trib 
utary offices a short distance from the toll Cen 
ter. Route relays 4702 and 4703 are arranged 
in combination for successively associating the 
marker apparatus with two groups of the same 
kind of trunks and selecting idle trunks from 
either group. Route relay 47.02 is also wired for 
an example of selectively or successively associ 
ating the apparatus of the marker with Small 
subgroups of outgoing trunks of different char 
acter under the control of a single route relay. 
By the use of this method an incoming call may 
be routed to any one of three different types of 
outgoing trunks, via trunks for toll connections 
involving more than two toll offices, terminal 
trunks for connections from one toll Office to 
another toll office and combined toll trunks 
which may be used as either a via or terminal 
toll trunk. Route relay 4804 is arranged to Se 
lect idle trunks extending to the delayed out 
ward operator. Route relay 480? is arranged for 
selecting terminating trunks only. Route relay 
4802 known as jump hunt route relay is arranged 
to select trunks which have been temporarily 
added to a group of trunks which has outgrown 
the service required in this trunk group. Let 
it be assumed for the first example that an in 
coming call has been received in this office from 
a distant toll operator who has requested a con 
nection which must be routed through another 
distant toll office and that therefore the call is 
known as a via call which requires intertoll 
trunks of the highest transmission quality ob 
tainable. Also let it be assumed that this group 
of trunks is large enough to require the Service 
of two route relays 4702 and 4703. In this case 
the transfer relay 470 is normal and the fifties 
relay 5904 and tens relay 5902 are operated and 
the relays of the registers A, B and C (Figs. 46 
and 58) must be set for this character of con 
nection. Assuming that register relays 4608 and 
460 have been operated the circuit for operat 
ing the fifties relay 59.04 may be traced as foll 
lows: Battery through winding of fifties relay 

. 5904, contact 3 of relay 470, lead 4729, contact 

60 

5 

3 of relay 4608 operated, contact 2 of relay 4602 
normal, contact 3 of relay 4604 normal, contact 
5 of relay 460 operated, contact 3 of relay 4603 
normal, contact of relay 5805 normal, contact 
3 of relay 680 normal to ground through con 
tact 3 of relay 6804 operated. Let it be assumed 
that register relay 4607 has been operated to 
complete a circuit for the tens relay 5902 which 
circuit may be traced as follows: Battery through 
the winding of tens relay 5902, lead 5950, con 
tact 5 of relay 4605 normal, contact 4 of relay 
4606 normal, contact of -relay 4607 operated, 
contact 3 of relay 6802 normal to ground to con 
tact 4 of relay 6805 operated. With the above 
relays operated, a particular fifties relay of a 
large group of fifties relays and a particular tens 
relay, a circuit is established for route relay 4702 

23 
by the operation of particular register relays 
5803 and 5804 which circuit may be traced from 
battery through the winding of route relay 47.02, 
contact 4 of the fifties relay 5904, contact 2 of 
the tens relay 5902, lead 5932, contact 2 of reg 
ister relay 5804 operated, contact 2 of register 
relay 5803 operated, contact 2 of register relay 
5802 normal, contact of register relay 580 
normal, contact 4 of relay 5803 operated, con 
tact 2 of relay 5805 normal, contact 3 of relay 
6803 normal to ground through contact of 
relay 6805. 
Route relay 47.02 operates and in so doing 

establishes circuits for testing and selecting an 
idle trunk in a group of trunks extending to a 
particular distant toll office. Connector circuits 
are used between the marker and the trunk 
blocks of a trunk assignment frame similar in 
character to the connector between the sender 
and the marker. These connectors are selected 
for temporary use by the marker as required. 
For this example the contact 9 of route relay 
402 is connected to a connector start lead for 
operating the start relay 4803 corresponding to 
the assignment connector associated with the 
trunk block containing the wanted outgoing in 
tertoll trunk which extends to the distant toil 
office requested over the incoming intertoll trunk. 

After the operation of the route relay 4702 
leads are connected from certain register relays 
to the trunk block having the group of trunks 
asSociated with and controlled by this particu 
lar route relay. As previously stated, the switch 
frames and senders are divided into odd and 
even groups. If an odd sender seizes a marker 
on first trial, register relay 5808 of the marker 
is operated. If on first trial the marker is seized 
by an even sender, this relay remains normal. 
An odd sender associates ground directly with 
lead .462 which maintains relay 5808 operated. 
When an even sender seizes a marker, relay 5808 
is momentarily operated by ground over con 
ductor 7468, but upon the release of certain re 
lays, hereinbefore described, relay 5808 releases. 
Assuming that the marker is seized by an odd 
Sender, a circuit is established to operate relay 
50 if it is on a first trial and 502 on second 
trial. The circuit for operating relay 5f Of may 
be traced from ground through contact 3 of re 
lay 680, contact f of relay 5808, contact 2 of 
relay 5807, thence over conductor 5927 to battery 
through the Winding of relay 50 f. On second 
trial relay 580 is operated, which establishes a 
circuit in the same manner over lead 5928 for 
relay 502. Relays f903 and 1904 having previ 
ously been operated over a circuit from ground 
on contact 8 of relay 6808, lead 68 2, contact 3 
of relay 90 to battery through the windings of 
relays. 903 and 904, a circuit will now be es 
tablished for operating the marker preference 
relay 49 for associating what is known as the 
"assignment frame connector' between the 
marker and the groups of outgoing trunk test 
leads. This circuit may be traced from battery 
through contact 8 of relay 903, contact 3 of re 
lay 50 f, which may be assumed to be operated, 
contact of relay 502, which may be assumed 
to be normal, lead 4820, contact 2 of relay 4803 
to battery through the winding of relay 4f 9, 
thence over a chain circuit through the marker 
preference relays to ground on contact 3 of re 
lay 4 2. The operation of relay 49 estab 
lishes a circuit for multicontact relay 422 from 
battery through its Winding to ground on con 
tact of relay 49. The operation of the latter 
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relay 422 connects a plurality of leads from 
the marker to the trunk assignment frame which 
ultimately provides testing means to ascertain 
whether there is an idle trunk in the group of trunks controlled by the route relay 402. 
The multicontact relay 422 first establishes 

a circuit for the operation of trunk checking 
relay 80? over lead 430. Each assignment con 
nector of the plurality of connectors, may be 
equipped with a plurality of trunk block relays 
such as 33, 34, 35 and 36 each arranged 
to connect to a group of outgoing trunks which 
may constitute a small number of trunks 5 or 10 
or a larger number of trunks such as forty out- . 
going trunks. Corresponding trunk block relays 
in the marker represented by relays 4902 to 4905 
are common to the trunk block relays of all of 
said plurality of connectors representing many 
different groups of trunks; however, each con 
nector has the same number of trunk block re 
lays as the marker which are correspondingly 
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designated. For completing a typical circuit, the 
trunk block relay 4902 is cross-connected to con 
tact O of route relay 47.02 and is associated 
through this relay contact with ground on Con 
tact 7 of the multicontact relay 5905. Relay 
4902 is therefore operated when the route relay 
is operated, since its winding is associated with 
battery through the winding of timing relay 490 f. 
Relay 4902, in operating, connects lead 492 to 
lead 4922. Lead 4922 is connected to battery 
through contact 8 of relay 1903. Lead 492 is 
connected to the winding of trunk block relay 
36 through contact 5 of the multicontact con 
nector relay 422. Thus the trunk block relay 
in the connector is operated for associating the 
trunk test leads of the desired trunk group with 
the marker test relays shown in Fig. 38. Lead 
3f25 is shown as an example of One trunk test 
lead. 
The following operations take place prepara 

tory to the test of the trunks of a group for find 
ing an idle trunk to a particular office. Relay 
2807 is operated from battery through its wind 
ing, over lead 4732, contacts 2 and 3 of relay 470 
to ground on contacts T and 8 of the trunk block 
relay 3 f6. Relay 280 is operated from battery 
through its winding Over a series circuit through 
the contacts of the trunk test relays 383, 38 f2, 
38 and 380, contact 3 of relay TO7, contact 
of relay 80, lead 85 to ground on contact 4 of 
relay 6806. The series circuit through the con 
tacts of relays 383, etc., as traced, establishes 
the fact that these relays are all in condition for 
making a trunk test and is preliminary to the 
operation of these relays for the trunk test. In 
Fig. 38 there are shown three rows of relays, each 
row extending horizontally across the figure. 
There are as many relays in each horizontal row 
as there are trunks in the largest group or Sub 
group of trunks in an office to be simultaneously 

75 

tested, usually forty in number. Only sufficient 
relays are shown to give an example of the testing 
facilities. The remainder of the equipment and 
the operation thereof is believed to be clearly 
understandable from this Small number of relays. 
Proceeding with the preparation of circuits ap 
proaching the test of trunks in the group con 
trolled by the route relay, a differential relay 2808 
is operated. It will be noted that the circuit for 
this relay was established by relays previously 
operated but was maintained in a non-operated 
position by a shunt from ground through contact 
7 of relay 1904, contacts of relays 2807 and 2808. 
The operation of relays 2807 and 280 makes ef 

on contact 2 of relay 6806. 
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fective the operating circuit through the upper 
winding of relay 2898 from battery on contact 4 
of relay 1903 to ground on contact 8 of relay 1904. 
The operation of relay 2808 connects ground to 
the first one of relays 80 to 383 which is not 
operated. Relays in this row which are normal 
(not operated), represent the idle trunks in the 
group. The first trunk of a group of trunks is 
tested and taken for use if idle by the functioning 
of relays 380, 3806 and 380 the vertical rows of 
relays shown in this figure representing the test 
ing apparatus for successively numbered trunks 
Of a group. 

It has been assumed that the call being com 
pleted is incoming from a distant toll office and is 
to be extended to another distant toll office, which 
is known as a "via toll connection." In view of 
this, the via relay is operated Over a circuit es 
tablished by a register relay combination set up 
by the sender. Relay 7002 is first operated from 
battery, through its winding, lead 5943, contact 
of relay 4603, contact 5 of relay 4604, contact 5 
of relay 4602, contact 2 of relay 460, contact 5 
of relay 470 to ground through contact 2 of re 
lay 6806. This circuit established through the 
register relays for relay 7002 establishes a circuit 
for the via relay 690 from battery, through its 
winding, contact of relay 700, contact of relay 
T002, contact 4 of relay 4808, lead 4822, to ground 

Assuming in this 
case that all of the trunks in the group to be 
tested extend to the same distant toll Office and 
therefore are all via trunks of a high character 
of transmission, a via trunk relay 695 is Cross 
connected to contact 2 of the route relay 402 
and is operated when the route relay was Oper 
ated. This relay is used for progressive operation 
in case the trunks of this group are all busy. The 
operation of relay 6907 establishes a circuit for 
relay 6909 which may be traced from battery, 
through the right winding of relay 6909, contact 
2 of relay 69 fo, contact of relay 6908, contact 
of relay 6907 to ground on contact 4 of relay 6806. 
This ground is also extended through the contact 
of relay 6907 to contacts of the route relay for 
marking the number of trunks in a group to be 
tested. This marking is accomplished by the 
operation of two of the relays in the upper hori 
ZOntal row (Fig. 38). If, as presupposed, all of 
the trunks in the group are via trunks, the trunks 
of the complete group may be tested to find an 
idle trunk. In this case the first relay, 380, is 
operated and the last relay, 380, is operated, in 
dicating that all trunks therebetween may be 
tested to find an idle trunk. For this purpose 
ground is extended from contact 4 of relay 6806, 
as traced, through contact f of relay 6907, con 
tact of relay 6908, contact 2 of relay 690 and 
thence over lead 692 to contacts 3 and 4 of the 
ground supply multicontact relay 5905 and con 
tacts 3 and 4 of route relay 4702. In this case 
also the right-hand contacts 3 and 4 of relay 4702 
are cross-connected to relays 380 and 3805. The 
circuit through contact 3 of relay 47.02 operates 
relay 380 f for the starting point of test and the 
circuit through contact 4 of relay 47.02 extends 
to the relay indicating the end of test, or relay 
3805. The operation of these two relays, there 
fore, indicates the limit of the test. An example 
will be given later of the same arrangement when 
only part of the group is tested and therefore an 
intermediate relay is Operated to terminate the 
point of test. 

If the first trunk is busy relays 3806 and 38 
are operated, The circuit established for finding 
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