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UNITED STATES 

2,093,117 

PATENT OFFICE 
2,093,117 

TELEPHONE SYSTEM 

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

Application June 19, 1935, Serial No. 2,305 
60 Claims, 

This invention relates to telephone systems and 
particularly to systems in which connections are 
established by automatic switches under the con 
trol of central office number recording equipment. 
The objects of this invention are to enable 

the use of a simple and economic type of Switch 
ing device for establishing the conversational con 
nections between subscribers' lines and also for 
making connection to the common recording and 
controlling equipment; to secure a highly efficient 
trunking arrangement for extending connections 
from one switching stage to another by giving a 
greater degree of availability to the trunks that 
may serve any given connection; to increase the 
speed and reliability with which calls are Com 
pleted; to simplify the controlling and testing 
equipment employed in the establishment of con 
nections; and to otherwise improve Systems of 
the foregoing character. 
This invention is in part an improvement Over 

the system disclosed in my copending applica 
tion Serial No. 681,102, filed July 19, 1933, issued 
as Patent 2,004,599, June 11, 1935. In the System 
of the said patent subscribers' lines are extended 
to a first or district selector stage by means of 
primary and secondary cross-bar switches, each 
primary switch having access through Secondary 
switches to a plurality of groups of trunks to 
district selectors. These trunks also have acceSS 
through primary and secondary cross-bar sender 
selector switches to a plurality of groups of reg 
ister Senders, 
According to a feature of the present invention, 

primary and Secondary cross-bar line SWitches 
are provided for extending the Subscriber's line 
to the district trunks, and primary and Secondary 
Sender Selector Switches are provided for Select 
ing an idle Sender. Each primary line SWitch, 
serving a group of lines, has a plurality of links, 
which extend respectively to separate secondary 
switches, each of which has access to a separate 
group of district trunks. Likewise the several 
groups of district trunks appear respectively in 
the primary sender selector switches, each of 
which has a plurality of links leading respectively 
to Secondary switches, each of which has access 
to a separate group of Senders. When a Sub 
Scriber calls in any group, a test is made of all 
groups of district trunks accessible through idle 
links extending from the primary line switch con 
taining the calling line, and at the same time a 
test is made to determine which groups of district 
trunks with idle trunks therein have access 
through idle Sender selector links to an idle 
sender. If two or more district groups satisfy 

(C. 179-18) 

the test, the one chosen will depend on which 
group of subscribers' lines made the call, differ 
ent groups of lines preferring different groups 
of districts. Thereupon an idle district trunk 
in the chosen group is selected for the call, and 
the several groups of senders, accessible through 
the primary sender selector in which appears the 
selected district trunk, are tested to determine 
Which groups have idle senders. If several groupS 
have idle senders, the group chosen will be the 
one preferred by the chosen group of district Se 
lectors, different district groups preferring differ 
ent sender groups. Thereupon an idle Sender is 
selected. Following these tests the primary and 
secondary line switches and sender Selector 
switches are operated, and the calling line is 
extended through to the district trunk and to the 
idle sender. By this arrangement an increased 
efficiency is realized in the use of the circuits 
for connecting a calling line to a district trunk 
and sender. 
Another feature is a system in which a line 

group is provided with a line control mechanism 
for outgoing calls and has access to a plurality 
of groups of district trunks, each controlled by a 
different sender selector link control circuit. 
When a call is made in the line group, all of the 
sender selector control circuits that are idle and 
that serve such line group make a preliminary 
test of the corresponding district, group in con 
junction with its links and the sender groups 

O 

5 

20 

25 

30 

reached by such links. If several sender Selector 
control circuits find idle paths that can serve 
the call, one such control circuit is preferred and 
is connected to the line group control mechanism 
to the exclusion of all other control circuits. 
Following this it is necessary to test the indi 
vidual district trunks in the preferred group and 
to test the links and individual senders for a 
single idle path to a Sender. If, following the 
connection of the preferred control circuit to the 
line group mechanism, all of the paths become 
busy before one is finally chosen, the control cir 
cuit will automatically disconnect itself from 
the line control mechanism, permitting the latter 
to associate itself with all of Said control circuits 
Serving it, and the preliminary tests are made 
over again in another attempt to extend the call 
ing line to an idle sender. This may be repeated 
a number of times until finally some one of the 
control circuits succeeds in making both the pre 
liminary and final tests for an idle path and 
the Switches are operated to connect the calling 
line to the sender for dialing. 
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This invention is also an improvement in cross 

bar systems of the kind shown in the patents to 
Williams 1,672,970 of June 12, 1928 and 1,525,787. 
of February 10, 1925. In these prior arrange 
ments it is necessary to use SWitch units of large 
capacity in order that the trunk groups to which 
the Switch has access shall be sufficiently large. 
Since the switch is of large capacity, each incom 
ing line and each outgoing line appears in a rela 
tively large number of contact points, with the 
result that each connection through the switch 
disables several contact sets although. Only one 
such contact set is used for the connection. This 
requires the provision of much equipment that 
is used a comparatively small part of the time. 
According to the present invention advantages 

are secured over these prior systems by a switch 
ing arrangement employing CrOSS-bar SWitches 
of Small capacity in which each switching stage 
comprises a plurality of primary switches and a 
plurality of secondary switches, and in which a 
Common controlling device or marker is Selec 
tively connected to the Switches of two succes 
sive stages, such as the district and office stages, 
to test and select an idle outgoing trunk and 
to extend the calling line to this idle trunk over 
a series of interconnecting links or trunks, one 
of which extends the calling line from the pri 
mary district switch to a secondary district 
Switch, another of which extends the call from 
the secondary district to the primary office 
Switch, and a third of which extends the call 
through a Secondary Office SWitch to the idle Out 
going trunk. The marker first prepares these 
links, and then the switches are operated to 
complete the connection. Thereupon the marker 
is released and may be connected to other dis 
trict and office switches to set up another con 
nection. 
Another feature of the invention is a System in 

which a district frame, comprising primary and 
Secondary switches, has access to a plurality of 
office frames, each comprising primary and sec 
Ondary switches, and in which a group of out 
going trunks, representing a numerical direc 
tion, are allotted to two different office frames. 
With this plan half of each group of trunks ap 
pear in one office frame and the other half in a 
Second frame, and the marker is automatically 
Connected to both frames to test and select an 
idle trunk irrespective of the frame. 
Another feature is an arrangement by which 

large trunk groups, namely those exceeding the 
total number of test relays in the marker, are 
divided into three subgroups. If the call seek 
ing connection to the trunk group comes in to a 
particular district frame, the marker is caused 
to connect its trunk test relays to the pair of 
office frames on which appear the trunks of the 
first subgroup of the desired group and to test 
this subgroup for an idle one. On the other 
hand, if the incoming call appears on some other 
district frame, the marker would associate its 
test relays with the particular pair of office 
frames in which appear the trunks of the sec 
ond subgroup and would test these for an idle 
one. In the event all trunks of either of the 
first two subgroups are found busy on the first 
test, the marker disconnects its test relays from 
that subgroup and connects them to the trunks 
of the third subgroup, which also may be lo 
cated on any pair of office frames. 
Another feature is a system in which the 

marker is equipped with a series of triple-wound 
relays for testing the three sets of interconnect 

2,098,117 
ing links in the district and office frames. The 
three windings of a test relay are included in the 
respective test circuits of the corresponding three 
Serially related links which constitute one of the 
possible paths through these frames. Either link 
being busy causes the energization of the wind 
ing of its test relay, and the entire path is there 
by rejected as busy, although the other two links 
may be idle. 
A further feature is a testing arrangement in 

the marker, including a chain of test relays for 
testing the successive trunks of a group outgoing 
from the office frames. Since the trunk groups 

() 

are of different sizes and since it is undesirable 
to restrict the appearance of the first trunk in 
any group to any particular trunk terminal in 
the office frame, it has been necessary hereto 
fore to provide means for so connecting the test 
relay Series to the Switch frame that the first 
relay of the series tests the first trunk of the 
group, the second relay the second trunk, and so 
on. According to the present invention, how 
ever, the only requirement of the connecting 
means is that the series of test relays be con 
nected to the Switch frame in such a way that 
they embrace all of the trunks to be tested with 
out particular regard to which relays correspond 
to the first and last trunks of the group. And 
the marker is so arranged that it is able, from the 
digital information it receives about the trunk 
group, to start the test with the particular relay 
and to end the test with the particular relay 
which correspond, respectively, with the first 
and last trunks of the group or subgroup being 
tested. By this plan the connecting equipment is 
greatly simplified, and less alterations are needed 
to change the size or location of trunk groups. 
Another feature relates to a novel way of 

Operating the overflow registers for the trunk 
group. The System is So arranged that if all direct 
trunks of a group are busy, the marker disconnects 
itself from this group, sets up a new translation, 
and reconnectS itself to a group of trunks leading 
to a tandem office which in turn has access to the 
desired office. This enables a call to be completed 
Over the direct route if any direct trunk is avail 
able or over an alternate route if all direct trunks 
are busy. According to this feature if all direct 
trunks are busy, a register for recording this fact 
is operated from the route relay in the marker. 
Also if all tandem trunks are busy, a second regis 
ter is operated, to record this condition, from the 
corresponding route relay in the marker. These 
records show what proportion of calls fail be 
cause of all direct trunks being busy and also 
because of all tandem trunks being busy. 
Another feature is a registering System in which 

the designation of the call and the identity of 
the switch frame to which the calling line is ex 
tended are both set up on a register mechanism 
comprising a cross-bar switch. This register 
Switch is located in the common subscriber sender 
and passes the information thus registered to the 
marker. The marker uses the frame identifica 
tion in order to connect itself to the proper frame. 
Another feature of the invention is an arrange 

ment whereby the marker is capable of function 
ing in connection with two independent calls at 
the same time. Following the seizure of the 
marker by a sender the designation identifying 
the call is transferred from the sender to the 
marker and registered on code registers. This 
information is then decoded by the fmarker and is 
utilized by it to determine the desired group of 
trunks and to test these trunks for an idle one, foll 
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2,098,117 
lowing which the marker proceeds to control the 
selective operation of the switches to extend the 
calling connection through to the idle trunk. 
Following the testing of the trunks the marker 
releases itself from the sender and continues its 
function of controlling the selective switches as 
mentioned to extend the connection, AS SOOn aS 
the marker has released itself from the Sender, 
another sender containing the information for a 
second call may reseize the marker and transfer 
the code information thereto, and the marker will 
proceed to translate this code and to progress with 
the second call while it is still controlling the 
selective switches for the purpose of extending the 
first connection. This overlapping operation of 
the markers enables two separate calls to be han 
dled at the same time by any one marker, thus 
economizing in time and equipment. 
Another feature is an arrangement in which the 

sender automatically releases a marker that fails 
to progress in its regular functions and again Seizes 
an idle one of the markers, which may be the one 
just released or any other one, and in which the 
second marker attempts to extend the call to the 
desired destination over the group of alternate 
route trunks if such a group is provided. If no 
alternate route group is provided, the second 
marker proceeds to extend the calling line to an 
itle overflow trunk. If the second marker also 
fails to progress in its operation, the Sender re 
leases it and a third time seizes any one of the 
idle markers. In this event the third marker re 
ceives a signal from the sender telling it to pro 
ceed at once and set up the connection to the 
overflow trunk. 
Another feature is a system in which the 

marker, on making a test of the direct trunk 
group and finding them all busy, then proceeds 
to test the alternate route group and to extend 
the call over one of these trunks if such a group 
is provided and one of the trunks is idle at the 
time. In case the marker is unsuccessful either 
in finding an idle trunk in the direct group where 
no alternate group is provided or in finding an 
idle trunk either in the direct group or in the 
alternate group where such alternate group. is 
provided, it then sets the switches to extend the 
calling line to the overflow trunk. 
A further feature, related to the one last men 

tioned, is that in the event the connection is suc 
cessfully extended over a trunk from the Originat 
ing end to the equipment at the incoming end, 
which may be in a distant office, and then fails to 
progress to completion because of trouble or all 
circuits being busy, a signal is sent back to the 
sender at the originating office, and the Sender 
seizes one of the markers and signals the marker 
to set up the connection to one of said overflow 
trunkS. 
Another feature relates to an arrangement 

whereby an efficient use is made of the trunks 
and switches at a selective stage where the Size 
of the trunk group to which the Switch has access 
does not correspond to the physical capacity of 
the switch. For example, if the capacity of the 
switch is greater than the group of outgoing 
trunks to which it is to have access, there will 
be a group of outgoing trunks of the required 
size for each of the respective switches, each 
one of such groups appearing only in One Switch 
and occupying the greater portion of its total 
number of terminal outlets, and each one of the 
remaining groups of outgoing trunkSWiil be derived 
by adding together the balance of trunks on as 

3. 
many switches as is necessary to give a full group. 
The incoming trunks are also arranged in groups, 
several such groups appearing each exclusively 
in that portion of the switch serving a full out 
going group, and each of the remaining incoming 
groups is multipled to appear in the remaining 
portions of the several switches whose outlets 
collectively comprise an outgoing group. This 
enables the switches to be made of standard size 
without interfering with the efficiency that is 
possible by using trunk groups that do not corre 
spond with the switch capacity. 
Another feature of the invention is a testing 

arrangement in the terminating marker whereby 
the marker on each call connects its test relays 
to a block of lines whether the call is for a direct 
line or for a private branch exchange group. 
The test relays determine the condition of all 
lines in the block, following which a circuit is 
extended through contacts of the particular test 
relay that has tested the line called to determine 
if such line is idle or busy. If the called line is 
the first line in a private branch group and is 
busy, the test circuit is continued to succeeding 
lines in the group until an idle one is reached. 

Referring now to the drawings, Figs. 2 to 13, 
inclusive, when taken in the order illustrated in 
Fig. A, disclose schematically the manner in 
which a connection is completed over a telephone 
exchange system embodying the features of this 
invention; 

Fig. 2 shows a subscriber's station together with 
certain primary and secondary line switches and 
their interconnecting line links; 

Fig. 3 shows certain of the primary and second 
ary Switches of a district frame together with the 
links or 'A' trunks which interconnect these 
switches; 

Fig. 4 shows portions of two sender selector 
circuits and a subscriber sender; 

Fig. 5 shows various primary and secondary 
switches of an office frame together with the 
'B' trunks extending from the district frame to 
the office frame, the 'C' trunks or office links 
interconnecting the primary and secondary office 
switches, and outgoing trunks extending to a dis 
tant exchange; 
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Fig. 6 shows certain relays and switches of the 
district and office frame Connector circuits whose 
function it is to connect these said frames to an 
originating decoder marker circuit which is also 
shown in Fig. 6; 

Fig. 7 shows certain relays of a decoder marker 
connector circuit as well as certain relays and 
Switches of district and office frame connector 
circuits; 

Fig. 8 shows certain of the primary and second 
ary switches of an incoming frame together with 
their interconnecting links or 'A' trunks; 

Fig. 9 shows an incoming frame connector cir 
cuit the function of which is to establish connec 
tions between a terminating decoder marker and 
the particular incoming frame being used for the 
call; 

Fig. 10, shows certain of the primary and sec 
ondary Switches and interconnecting links of ter 
minating sender selector circuit the purpose of 
which is to connect an incoming trunk being used 
on a connection to an idle terminating sender 
which is also shown in Fig. 10; 

Fig. 11 shows the primary and secondary 
switches of a final frame together with the 'B' 
trunks extending from the secondary SWitches of 
an incoming frame to the primary SWitches of 
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4. 
a final frame, and also the "C" trunks which 
interconnect the primary and secondary switches 
of a final frame. Fig. 11 also shows the called 
subscriber's station; 

Fig. 12 shows certain relays of a final frame 
connector circuit whose function it is to connect 
certain blocks or subgroups of lines of a final 
frame with a terminating decoder marker circuit; 

Fig. 13 shows a terminating decoder marker 
circuit together with certain relays of an in 
coming frame connector circuit, a final frame 
connector circuit and a decoder marker connec 
tor circuit, all of which serve to associate a palº 
ticular selected terminating decoder marker with 
the terminating sender, incoming frame and final 
frame involved in the connection being estab 
lished. 

Figs. 14 to 61, inclusive, when taken in the 
order illustrated in Fig. 1B show in detail such of 
those portions of the various circuits referred to 
above as are necessary for a complete description 
of the various functions performed, in the estab 
lishment of a connection between two Subscribers 
located in different exchanges, by an exchange 
system embodying the features of this invention; 

Figs. 14 and 15 show a calling subscriber's sta 
tion together with the line switches and asso 
ciated control circuit; 

Fig. 17 shows a district trunk circuit; 
Figs. 16, 18, 19, and 21 show an originating 

sender selector circuit; 
Fig. 20 shows a portion of a district frame and 

associated frame connector circuit; 
Figs. 22 to 26, inclusive, show the major por 

tions of a subscriber register sender; 
Figs. 27 and 28 show the decoder marker con 

nector circuit which establishes connections be 
tween the selected sender and an idle originating 
decoder marker circuit; 

Figs. 29 to 40, inclusive, show an originating 
decoder marker circuit; 

Figs. 41 and 42 show portions of office frames 
together with certain connector relays used to 
establish connections between the office frames 
and the decoder marker; 

Fig. 41A shows a crosspoint of a secondary 
office Switch having access to an Overflow trunk; 

Figs. 43 and 44 show portions of a sender se 
lector circuit whose function it is to associate an 
incoming trunk on which a call appears with an 
idle terminating sender; ? 

Fig. 45 shows an incoming trunk circuit; 
Figs. 46 and 47 show a terminating sender; 
Figs. 48 to 49 show portions of a terminating 

decoder marker connector circuit; 
Figs. 50 to 56, inclusive, show a terminating 

decoder marker; 
Fig. 57 shows a portion of a final frame con 

nector circuit; 
Figs. 58 and 60 show portions of an incoming 

frame connector circuit; 
Fig. 59 shows portions of an incoming frame 

circuit; and 
Fig. 61 shows a final frame circuit and the 

called subscriber's station. 
General description of system and apparatus 
For the purpose of simplicity Figs. 2 to 13, 

inclusive, disclose diagrammatically only such 
portions of the various circuits as are required to 
illustrate, in general, the manner in which a 
connection is extended from a calling subscriber's 
station served by a cross-bar exchange to a called 

is subscriber's station served by the same or another 
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cross-bar exchange. They also illustrate a called 
subscriber's line in a terminating office equipped 
with switches of the moving type, such as power 
driven Switches, 
The switches shown in Figs. 2, 3, 4, 5, 8, 10, and 

11 are of the cross-bar type and consist briefly 
of a plurality of sets of contacts arranged in hori 
zontal and vertical rows. Associated with each 
horizontal row of contact sets is a horizontal 
operating magnet, hereinafter referred to as a 
select magnet, under control of which the contact 
sets of that horizontal row are prepared for op 
eration. Associated with each vertical row of 
contact sets is a vertical operating magnet, here 
in after referred to as a hold magnet, under Con 
trol of which any set of contacts in that vertical 
row, after being prepared for Operation by the 
operation of its respective select magnet, is caused 
to close and remain in the closed position under 
control of the operated hold magnet. For a more 
detailed explanation of the construction and op 

0. 
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20 

eration of these cross-bar Switches reference may 
be had to the copending application of J. N. 
Reynolds, Serial No. 702,453, fled December 15, 
1933, granted as Patent 2,021,329, Nov. 19, 1935. 
The subscriber's lines are arranged in groups 

which may vary in size, say, from two hundred to 
seven hundred lines each, the size of the group 
depending upon the calling rate of the lines in 
the group. Each group of lines is served by line 
Switches and by a line switch control circuit, such 
as shown in Fig. 2, which provides for connecting 
any line of the group, upon the initiation of a call 
Over that line, to a district frame circuit such as 
shown in Fig. 3 and to a sender selector and con 
trol circuit, such as shown in Fig. 4. 
The line Switches consist of primary cross-bar 

Switches, such as Switches 20 to 209 inclusive; 
Secondary switches, such as Switches 20, 2, and 
22, and line links, such as links 23 to 2fT in 
clusive, which interconnect the primary and sec 
Ondary line Switches. And controlling equipment 
236 is provided for causing the operation of proper 
Select and hold magnets of the primary and 
Secondary line switches for the purpose of clos 
ing the contact sets thereof in extending a con 
nection. 
The primary line switches are arranged in ten 

horizontal groups, each group consisting of any 
desired number, as from two to seven switches, 
the number of parallel switches in each horizontal 
primary group depending upon the size of the 
line group being served. For simplicity of illus 
tration, only three of the ten horizontal primary 
Switch groups are shown, each group having three 
parallel Switches. Each primary and each sec 
Ondary Switch is equipped with ten vertical and 
ten horizontal rows of contact sets. On Switches 
20, 202, and 203 only three of the ten horizontal 
rOWS and two of the ten vertical rows are shown, 
while on switches 204 to 22 inclusive only two 
vertical and tWO horizontal rows are shown. The 
Subscribers' lines connect to the vertical rows of 
contacts of the primary switches, ten lines to 
each Switch, Line 28, which is associated with 
Subscriber's station 200, is shown connected to the 
left vertical row of Contacts of primary switch 
20. Other subscribers' lines, such as lines 29, 
220, and 22 f, connect to other vertical rows of 
contacts on the same, and other primary switches. 
The corresponding rows of horizontal sets of 

contacts of each horizontal group of primary 
switches are multiplied together, and each of the 
ten rows is extended Over a separate line link 
to the Corresponding vertical row of Contacts of 
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One of ten secondary switches, only three of which 
are shown. For example, the three horizontal 
rows of contacts of the primary switch group 
composed of switches 20 f, 202, and 203 extend 
Overline links 23, 214, and 25 to the right ver 
tical row of contacts of secondary switches 20, 
2, and 22. The remaining seven horizontal 
rOWS (not shown) of this primary switch group 
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extend over seven other line links to the right 
vertical rows of seven other secondary switches 
(not shown). The horizontal rows of other pri 
mary line switch groups extend over other line 
links to the corresponding vertical rows on the 
Secondary switches. Since there are ten primary 
Switch groups each having ten horizontal rows of 
contacts, there are one hundred line links ex 
tending to the ten vertical rows of each of the 
ten secondary switches. As each of the ten line 
links from any primary line switch group extends 
to a different one of the ten secondary switches, 
each Subscriber's line may be connected to any 
Secondary switch by the operation of the proper 
primary SWitch select and hold magnets. Should 
Select magnet 222 and hold magnet 225 be op 
erated by the control circuit, the left upper set 
of contacts or crosspoints of primary switch 20 
Close and extend Subscriber's line 28 Over line 
link 23 to the right vertical row of contacts of 
secondary switch 20. Should select magnet 223 
and hold magnet 225 be operated, the resultant 
closure of the left middle crosspoints of primary 
line switch 20 extends subscriber's line 28 over 
line link 24 to secondary line switch 2 . Simi 
larly, select magnet 224 and hold magnet 225, 
if operated, extend subscriber's line 28 over the 
left lower crosspoints of primary switch 20 
and line link 2 5 to secondary line switch 22. 
The trunks outgoing from the secondary line 

Switches extend to the primary district selector 
Switches of a number of different district frames. 
One of these district frames is illustrated in Fig. 
3. The number of trunks extending from a line 
Switch group to any particular district frame will 
depend upon traffic Conditions. Since there are 
ten Secondary line Switches in the line Switch 
group, there are correspondingly ten groups of 
outgoing district trunks, each group consisting 
of ten trunks. And one suitable arrangement is 
to distribute these ten groups of district trunks 
among five different district frames, two groups 
of district trunks forming a line switch group 
extending to one district frame, two groups to a 
Second district frame and so on for the five dis 
trict frames. For example, the groups of trunks 
250 and 25 lead to the primary switches of the 
district frame shown in Fig. 3. The other four 
pairs of groups of district trunks outgoing from 
the line switch group shown in Fig. 2 lead re 
spectively to four other district frames. 
Under light traffic conditions it may be de 

Sirable to combine two or more groups of line 
Switches, giving them access in common to the 
Same groups of district trunks. This arrange 
ment is illustrated by the multiple taps on the 
district trunks, such as taps 229 and 230 shown 
on the trunks 227 and 228, respectively. 
A district frame, such as the one shown in 

Fig. 3, consists of ten primary cross-bar Switches 
of which three, switches 300, 30 , and 302, are 
shown and twenty Secondary switches of which 
four, switches 350 to 353, are shown. These pri 
mary and secondary Switches are also provided 
with ten horizontal rows of contacts: The pri 
mary switches, however, are provided with twenty 
Vertical rows of contacts, whereas each of the 

5 
secondary switches is provided with ten vertical 
rows of contacts. They are also equipped with Se 
lect magnets 305 to 312 inclusive, and with hold 
magnets 33 to 328 inclusive. 
The groups of district trunks 250 and 25 com 

from the line switch group shown in Fig. 2 and 
terminate in the corresponding horizontal rows 
of contacts of primary district switches 300 and 
302, respectively. In a similar manner the re 
maining four pairs of primary district Switches in 
this district frame receive the district trunks 
coming from four other line switch groups Serv 
ing four other groups of subscribers' lines. 
The vertical rows of contacts of each primary 

district SWitch extend to vertical roWS of contacts 
of each Secondary district switch Over district 
links called 'A' trunks, such as trunks 329 to 
336 inclusive. Since there are ten primary dis 
trict Switches, each Switch having twenty Ver 
tical rows of contacts, there are two hundred 
'A' trunks. The twenty 'A' trunks extending 
from each primary district link Switch are di 
vided into two groups of ten trunks each. The 
trunks in the left hand group of ten trunks con 
nect respectively to vertical rows of contacts in 
half of the twenty secondary district switches, 
and the trunks in the right hand group of ten 
trunks connect respectively to corresponding ver 
tical rows in the other half of the twenty second 
ary switches. For example, the left hand group 
of ten trunks from primary switch 300, repre 
sented by trunks 329 and 330, extend to the sec 
ondary Switches 353 and 35, and the right hand 
group of ten trunks, represented by trunks 33 
and 332, extend to Corresponding Wertical roWs 
in the secondary switches 352 and 350. The ten 
horizontal rows of contacts of each of the twenty 
secondary district switches connect, over 'B' 
trunks such as 33 and 340 inclusive, to the hori 
Zontal rows of contacts of the primary switches 
of ten office selector frames, one of which frames 
is shown in Fig. 5. There are two hundred of 
these 'B' trunks from the ten secondary switches 
of each district frame, and they are divided into 
ten groups of twenty trunks each, extending re 
Spectively, to ten different office frames. 
An office frame, Such as shown in Fig. 5, con 
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Sists of twenty primary switches of which four 
Switches, 500, 50 , 550, and 55, are shown, and 
ten secondary switches of which two, switches 
502 and 503, are shown. Each primary and sec 
ondary office switch is provided with ten, hori 
ZOntal rows of contacts. The primary Switches 
have ten and the secondary switches have twenty 
vertical rows of contacts. A select magnet, such 
as magnets 504 to 5 inclusive, is associated with 
each horizontal row of contacts, and a hold mag 
net, Such as magnets 52 to 527 inclusive, is as 
Sociated With each vertical row of contacts. Each 
of the ten vertical rows of contacts of the twenty 
primary Office SWitches extends over one of two 
hundred office links or 'C' trunks, such as trunks 
528 to 533 inclusive, to a vertical row of contacts 
of a secondary office switch. Each of the ten “C” 
trunks from each of the primary office switches 
extends to a separate secondary office switch. 
For example, each the ten 'C' trunks from the 
primary switch 55 f, of which two trunks, 532 and 
533, are shown, extends to the left vertical row 
of Contacts of the left half of a different second 
ary switch. The ten “C” trunks from the pri 
mary switch. 550, such as trunks 530 and 53f, ex 
tend to the ten left vertical rows of the right 
half of each secondary switch. In this manner, 
any primary office SWitch has access, over a sep 
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6 
arate 'C' trunk, to any secondary office switch. 
The ten secondary office switches, each having 

twenty vertical rows of contacts, may have the 
multiple extending across the horizontal rows of 
Contacts of any switch split between each half 
of the Switch, as shown for secondary switch 502, 
or the horizontal multiple may extend across the 
entire Switch, as shown for switch 503. The 
horizontal rows of contacts of the secondary of 
fice Switches connect to outgoing trunks such as 
trunks 534 to 539 inclusive. Where the secondary 
Office Switch is split, as is shown in the case of 
Switch 502, there are twenty outgoing trunks per 
Switch, ten trunks extending from the ten hori 
ZOntal rows of contacts of each half of the switch. 
Where the secondary office switch is not split, as 
is shown in the case of switch 503, there are but 
ten Outgoing trunks per Switch. w 

Before proceeding with a description of the 
incoming and final selector Switches shown in 
Figs. 8 and 11, which constitute the terminating 
selector equipment and may be located either 
in the same office with the district and office 
switches shown or in a distant office, an explana 
tion will be given of how an idde sender 439 iš 
seized by the calling line, how an idle marker 
608 is associated with the sender and also with 
the district and office Switches, all for the pur 
pose of recording the number dialed by the sub 
Scriber and for selectively operating the district 
and office Switches to extend the call to the ter 
minating switches in the desired office. 
Each district frame, such as shown in Fig. 3, 

is served by a sender selector and control cir 
cuit, such as shown in Fig. 4, the purpose of which 
is to provide means for extending a Calling line 
through to an idle Sender circuit. The Sender 
Selector circuit consists of ten primary cross-bar 
switches of which four, switches 400 to 403 in 
clusive, are shown, five secondary cross-bar 
switches of which two, switches 404 and 405, are 
shown, and sender links such as links 406 and 409 
inclusive, which interconnect the horizontal rows 
of contacts of the primary sender link switches 
with the vertical rows of contacts of the Sec 
ondary sender link Switches. The control cir 
cuit 443 is common to the Switches and links and 
Serves to test and Control their operation. Each 
primary sender link switch is provided with ten 
vertical and ten horizontal rows of contacts, 
only two rows of each of which are shown. A 
Select magnet, such as magnets 40 to 47 in- - 
clusive, is associated with each horizontal row 
of contacts, and a hold magnet, such as magnets 
48 to 425 inclusive, is associated with each ver 
tical row of contacts. The ten primary switches 
are arranged in five groups of two Switches each, 
such as Switches 400 and 40 and Switches 402 
and 403, and the ten corresponding horizontal 
rows of contacts of the two switches of each pair 
are multipled to each other. There are ten 
horizontal rows of contact sets, therefore, for 
each of the five pairs of primary Switches, and 
each of these fifty horizontal rows extends, over a 
sender link, such as links 406 to 409 inclusive, to a 
vertical row of contacts of the secondary switches, 
such as switches 404 and 405. There are five sec 
ondary switches of which only two, Switches 404 
and 405, are shown. Each secondary Switch is 
provided with ten vertical and ten horizontal 
rows of contacts, each horizontal row having an 
associated select magnet such as magnets 426 
to 429 inclusive, and each vertical row having an 
associated hold magnet such as magnets 430 to 
437 inclusive. The multiple extending across 
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each of the ten horizontal rows of contacts of 
each secondary sender link switch is split be 
tween the fifth and sixth vertical rows of con 
tacts. Each secondary switch, such as switches 
404 and 405, therefore, has, in effect, twenty hori 
zontal rows of contacts, ten in each half of the 
switch. Five sender selector links, such as links 
406 and 408, one for the upper horizontal row 
of contacts of each pair of primary sender link 
Switches, extend to the five vertical rows of con 
tacts of the right half oi secondary switch 404. 
Five other sender links, such as links 407 and 
409, one from the lower horizontal row of con 
tacts of each pair of primary Sender link Switches, 
extend to the five vertical rows of contacts of the 
left half of secondary switch 405. Similarly, five 
other sender links, one from the corresponding 
horizontal row of contacts of each pair of primary 
sender link switches extend to another group of 
five vertical rows of contacts of a secondary 
Sender link Switch. The ten horizontal rows of 
contacts of each half of the five secondary sender 
link switches connect to a group of ten subscrib 
ers' senders, One of which, sender 439, is shown 
connected to the lower horizontal row of con 
tacts of the right half of secondary switch 404 
over conductor 438. Switches 440 and 4 rep 
resent two primary sender link Switches, corre 
sponding to switches 400 and 40?, of a sender link 
and control circuit serving some other district 
frame. 

Each subscriber sender, such as sender 439, 
When selected for use, is connected to a common 
decoder marker circuit, such as decoder marker 
608 of Fig. 6, by means of a decoder connector 
circuit represented in part by relays 708, 79,720, 
and 72 of Fig. 7. Each sender is provided with 
a group of control conductors, one group of which 
is represented by conductor 442, which connects 
to the contacts of an associated sender connector 
relay, such as relay 708 or relay 79. The cor 
responding armatures of these sender connector 
relays are multipled together and connect, in 
turn, to the multipled armatures of decoder con 
nector relays 720 and 72. The contacts of each 
decoder connector relay 72 connect to an indi 
vidual decoder marker, such as decoder marker 
608, over a group of conductors represented by 
line 722. When sender 439 is selected for use, 
it causes its associated sender connector relay 
708 to operate and connect the sender control 
conductors 442 to the multipled corresponding 
armatures of all decoder connector relays, 720, 
72, etc. The decoder connector control circuit 
(not shown), under control of the selected sender, 
causes the decoder connector relay whose asso 
ciated decoder marker is idle, to operate and 
thereby connect the control conductors 442 of the 
selected sender 439 over the contacts and arma 
tures of the Operated relays 708 and 72 f to the 
idle decoder marker 608. 
Each district frame is provided with ten 

primary switch connector relays, such as relays 
600, 60, and 602 of Fig. 6, ten secondary switch 
connector relays, such as relays 603, 604, and 605, 
and as many marker connector relays, such as 
relays 606 and 607, as there are markers serv 
ing that district frame. The function of these 
relays is to provide for connecting test and con 
trol conductors from the primary and secondary 
district Switches to any selected marker circuit 
to enable the marker to extend a connection 
through the district frame to an office frame. 
Twenty test conductors, such as indicated by 
conductors 34 and 342, extend from the twenty 
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'A' trunks of each primary district switch to 
the contacts of the associated primary switch 
connector relay, such as relays 600 and 602 re 
spectively. Twenty test conductors, such as indi 
cated by conductor 343, extend from each group 
of twenty 'B' trunks, which connect from the 
Secondary district switches to an office frame, to 
the contacts of the associated secondary switch 
relay, such as relay 603. The armatures of all 
primary switch conector relays are multipled 
and connect, in turn, to multipled armatures of 
the marker connector relays 606 and 607. The 
armatures of all secondary switch connector re 
lays are multipled and also connect, in turn, to 
multipled armatures of the marker connector 
relays 606 and 607. The contacts of relay 607 
are shown connecting to marker 608. The con 
tacts of other marker connector relays, such as 
relay 606, connect to other markers. Relays 700 
to 07, inclusive, of Fig. 7, correspond to relays 
600 to 607, inclusive, of Fig. 6, and represent 
primary Switch and secondary Switch connector 
relays and district frame marker connector re 
lays associated with some other district frame.. 
Each office frame is provided with primary 

switch connector relays, such as relays 609 and 
6 to of Fig. 6, secondary switch connector relays, 
such as relays 6 and 62, and marker connector 
relays, such as relays 63 and 64. The function 
of these relays is to provide for connecting test 
and control conductors from the primary and 
secondary switches of any office frame to any 
marker circuit to enable the marker to extend a 
connection through the office frame to an out 
going trunk. Twenty conductors, such as indi 
cated by conductor 546, extend from the twenty 
'C' trunks to the contacts of an associated pri 
mary switch connector relay 609. Ten test con 
ductors, such as indicated by conductor 54, ex 
tend from each group of ten outgoing trunks of 
any particular level of the secondary office 
switches, to the contacts of an associated Second 
ary switch connector relay, such as relay 6. 
The armatures of all primary Switch Connector 
relays are multipled and connect, in turn, to the 
multipled armatures of marker connector relays 
63, 68, etc. The armatures of all secondary 
switch connector relays are multipled and also 
connect, in turn, to multipled armatures of marker 
connector relays 63 and Sii. There is one 
marker connector relay for each marker Serving 
the office frame and the contacts of this relay con 
nect to that particular marker. The contacts of 
other marker connector relays connect to other 
markers. 
Each group of outgoing trunks representing a 

particular numerical direction are allotted to 
two different office frames, one-half of the trunks 
being allotted to an odd numbered office frame 
while the other half of the trunk group is allotted 
to the companion even numbered frame. When 
a marker circuit functions to test and select an 
idle trunk of a particular group of outgoing 
trunks, it automatically connects to both office 
frames in which this trunk group appears. As 
suming that the office frame shown in Fig. 5 
is the No. 0 office frame, then primary Switch 
connector relays 709 and 70, secondary switch 
connector relays li and 2, and marker con 
nector relays 3 and 14 of Fig. 7 are for the 
companion odd numbered office frame No. 1, and 
perform the same functions for office frame No. 

as relays 609, 60, 6 , 6.2, 63, and .64, 
respectively, perform for office frame No. 0. 
Should a marker, such as marker 608, operate its 
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associated office frame connector relay 63 to test 
a group of trunks, half of which appear in office 
frame. No. 0 of Fig. 5, the marker will simultane 
ously operate its office frame connector relay 73 
to gain access to the other half of the Outgoing 
trunk group which appears in office frame No. 1, 
Similarly, should a marker (not shown) Operate 
marker connector relay 65 or 66 which will be 
assumed to be associated with office frame No. 2, 
the marker will also operate marker connector re 
lay 75 or 76, respectively, which will be as 
Sumed to be associated with office frame No. 3, 
thereby gaining access to groups of trunks of 
which one-half of the trunks appear in the even 
numbered office frame No. 2 and the other half 
appear in the companion odd numbered office 
frame No. 3. Relays 67 and 68 are secondary 
switch connector relays the contacts of which 
Connect to test conductors extending to the out 
going trunks from the secondary office switches of 
office frame No. 2. Relays 77 and T8 are sec 
Ondary Switch connector relays associated with 
Office frame No. 3. 

In addition to the direct trunks between any 
two offices, One or more indirect or alternate 
trunk routes may be provided. These alternate 
trunks extend to the terminating office through 
One or more intermediate or tandem offices. 
Should the decoder marker in testing for a path 
Over Which to extend the connection to the de 
sired terminating Office find all direct trunks 
thereto unavailable or busy it will select one of 
the alternate route trunks, if provided. During 
its connection with the decoder marker 608, the 
sender 439 receives from the decoder marker, 
over control conductors 442, such information 
regarding the class of the particular call and 
the route which the decoder marker has selected 
for its completion, as the Sender requires to 
properly control the selective mechanism at the 
terminating office and at the intermediate office 
or offices if the selected trunk route extends 
through such intermediate offices. 
The trunks 536, 537, 538, and 539 shown in 

Fig. 5 lead to the terminating units of cross-bar 
offices such as the one shown in Figs. 8 to 13. Be 
sides these trunks, there may also be trunks, such 
as trunk 5.52, leading to the terminating unit of 
an exchange equipped with Selective control equip 
ment of the revertive control type. One such 
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type of equipment may be power driven switches 
of the panel type such as the incoming and final 
selectors 553 and 554 of Fig. 5 are assumed to 
be, but it is to be understood that the connec 
tions of the cross-bar system disclosed herein 
are not limited to that but may be connected to 
any system, manual or dial operated, in which 
the selective control is arranged to operate on a 
revertive pulse basis. 

Before taking up the equipment in the termi 
nating unit of the cross-bar ofice shown in 
Figs. 8 to 13, a brief description will be given 
of the operations involved in the originating 
office when a subscriber initiates a call. 
Assuming that the subscriber at station 200 

initiates a call, the associated line switch control 
circuit 236 operates to determine the horizontal 
row of line switches and the vertical row of line 
switches in which the line switch 20 containing 
the calling line appears. Since the calling line 
200 is in the upper horizontal row of primary 
line switches, the call must be extended Over One 
of the ten links including links 23, 24, and 25. 
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However, since these ten links extend to the 
ten secondary line switches 20, 2, etc. it is 75 
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possible that the call may be routed over any 
one of the ten groups of district trunks 250, 25, 
etc., which reach into five different district frames. 
Before it can be determined which line switch 
link and which group of district trunks will be 
used, it is necessary to make a test of all of the 
ten groups of district trunks in conjunction with 
tests of the five sender selector switches serving 
the five district frames involved, in conjunction 
with the senders available to these five sender 
selector switches. To this end, the line switch 
control circuit 236 when the call is first initiated, 
sends a signal to all five of the sender selector 
control circuits 443, 444, etc., provided they are 
idle. Each of these sender selector control cir 
cuits thereupon makes a preliminary test to de 
termine which of the ten groups of district 
trunks, such as groups 250 and 25 which extend 
from the calling line group and eight other simi 
lar groups extending from four other line groups 
to the associated district frame, have one or more 
idle trunks therein, in conjunction with a test 
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ferred to all others. 
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of the sender selector links 406, 407, etc., to which 
these groups of district trunks have access, and 
also in conjunction with a test of the groups of 
senders to which the said links 406, 407, etc., have 
access. Each of the Sender selector control cir 
cuits that finds one or more idle paths over one 
or both of the groups of district trunks from the 
calling line group through the sender selector 
link to an idle sender, prepares test circuits in 
the control circuit 236 so that the corresponding 
line switch links, such as links 2 3 and 25, may 
be tested to determine whether they are busy or 
idle, these being the links that are capable of 
extending the calling line to the groups of dis 
trict selector trunks which it has been deter 
mined have at least one idle trunk therein. 
Although the other eight groups of district 
trunks served by a particular circuit, such as 
control circuit 443, have been tested for their 
idle or busy condition, the line switch link cir 
cults having access to these other district trunk 
groups occur in other line switch groups and will 
not be tested unless there happens to be a sub 
scriber’s line making a call at this time in such 
other line switch group. In that event the line 
Switch links are tested and, at the proper time, 
One of the calling line groups will be preferred 
with respect to having access to the sender selec 
tor control circuit under discussion, such as the 
Control circuit 443, and the other line group will 
be required to wait or make use of some other 
control circuit. 
When it has finally been determined by the 

foregoing test which ones of the ten links, 2 3 
to 25, inclusive, are idle and have access over 
idile district groups 250 to 25 f, which district 
groups in turn have access over idle sender se 
lector links 406, 407, etc., in the five respective 
sender selector switch circuits, which sender se 
lector links in turn have access to idle senders, 
such as the Sender 439, the line switch control 
circuit 236 by a preference arrangement deter 
mines that a particular one of these groups of 
district trunks, such as the group 250, is pre 

Accordingly, the sender 
selector control circuit 443, serving this particu 
lar group of district trunks, is retained for use 
and the other four Sender Selector Control cir 
cuits are dismissed. The particular group of 
district trunks preferred by the control circuit 
236 depends upon the particular horizontal group 
of primary line switches in which the calling line 

is occurs, different horizontal groups of primary 
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line Switches preferring different groups of dis 
trict trunks. At the same time the sender se 
lector control circuit 443 aSSociated vith the 
preferred district frame makes tests of the ten 
district trunks in the chosen group 250 to deter 
mine which one is idle and also makes a test of 
the ten sender selector links 406 to 407, inclusive, 
in conjunction with the respective groups of 
senders accessible to these links. In this way 
a path is chosen from the calling line over the 
line switch link 2 3 over an idle district selector 
trunk in the group 250 through the primary 
sender selector switch 400 over some idle link in 
the group 406 to 407, inclusive, to an idle sender 
in the group to which these links have access 
through the secondary sender selector switches 
404, 405, etc. If a number of the sender selector 
links 406, 407, are idle and have access respec 
tively to idle groups of Senders, a particular 
Sender group will be preferred to all others in 
accordance with which of the district trunk 
groups is making the call, different district trunk 
groups having preference for different sender 
grOllpS. 

Following the determination of an idle path, 
as above described, between the calling sub 
scriber's line 200 and an idle sender 439, the 
proper Select and hold magnets of the primary 
line switch 2z0, secondary line switch 20, pri 
mary sender selector switch 400 and secondary 
sender selector switch 404 are operated to com 
plete a dialing connection from the subscriber's 
line to the register Sender. 
As the subscriber at station 200 proceeds to 

dial the number of the desired station, the sender 
439 registers this number and transmits to the 
decoder marker 608 Such information as the 
decoder marker requires to select, test, and close 
a path through the district and office frames to 
an outgoing trunk extending to the terminating 
office in which the called station is located. 

After a district trunk, such as trunk 22 hav 
ing associated control equipment 345, subscrib 
er's sender 439, and decoder marker 608 are se 
lected, as hereinbefore set forth, the decoder 
marker operates its associated district frame con 
nector relay 607 and, under control of the selected 
district trunk, operates the primary district 
switch relay 602. With relays 602 and 607 oper 
ated, the test and control conductors associated 
With the twenty 'A' trunks or district links ex 
tending from primary district switch 300, repre 
sented by conductor 342, are connected to decoder 
marker 608. 
Upon receiving information from sender 439 

regarding the office code dialed by the calling sub 
scriber, decoder marker 608 decodes this informa 
tion and operates to select an idle outgoing 
trunk to the desired terminating office and an 
idle path over which to extend the connection 
from the district trunk 227 through the district 
and office switches to this outgoing trunk. As 
hereinbefore stated, each group of outgoing 
trunks of a particular numerical direction are 
allotted to two office frames. Assume for illus 
tration that the group of trunks extending to the 
terminating office desired in this instance appears 
on office frames No. 0 and No. 1. Decoder marker 
608 upon determining that the desired trunk 
group appears on office frames No. 0 and No. 1, 
Operates its office frame connector relays 63 and 
73 which are associated with office frames No. 
0 and No. 1, respectively. Assuming that the 
trunks of the desired group are those which are 
Connected to the lowest horizontal row of con 
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operated, closes the left lower crosspoints of the tacts of the secondary office switches of frames 

No. 0 and No. 1, including trunks 537 and 539, 
decodermarker 608 now operates the secondary 
ofce switch connector relays 6 and which 
connect the test conductors of the Outgoing 
trunks represented by conductors 54 and 728 to 
the decoder marker. Assuming further for illus 
tration that trunk 539 is the first idle outgoing 
trunk of the desired group, decoder marker 608 
selects this trunk and, having now determined 
on which of the two office frames the trunk ap 
pears, causes primary office switch connector re 
lay 609 to operate. Relay 609, in operating, con 
nects the test and control conductors, repre 
sented by conductor 540, associated with the 
twenty office links or 'C' trunks over which trunk 
539 may be reached to the decoder marker. Hav 
ing determined the particular office frame, de 
coder marker 608 also operates secondary dis 
trict switch connector relay 603 over the contacts 
of the previously operated district frame con 
nector relay 607. Relay 603, in operating, con 
nects the test conductors, represented by con 
ductor 343, of the twenty 'B' trunks which ex 
tend from the secondary district switches to the 
primary switches of the particular office frame 
on which the selected outgoing trunk is located, 
to the decoder marker 608 over the contacts of 
the operated relay 607. 
The marker, having received the designation 

information from the sender, and having com 
pleted the selection of an idle trunk in the de 
sired group, is now disconnected from the sender 
by the release of the marker connector and the 
opening of leads 722. 

Having selected idle outgoing trunk 539 and 
having associated itself with the test and control 
conductors of the 'A', 'B' and 'C' trunks which 
offer possible paths over which the selected dis 
trict trunk 345 may be extended to trunk 539, 
decoder marker 608 now matches an idile “A”, 
'B' and 'C' trunk and thereupon energizes the 
various district and office frame Switch magnets 
for the purpose of closing the proper crosspoint 
contacts of these switches. Assume, for illus 
tration, that decoder marker 608 matches and 
selects idle 'A' trunk or district link 332, idle 
'B' trunk 337, and idle 'C' trunk or office link 
528. Select magnet 305 of primary district switch 
300 previously operated at the time that district 
trunk 345, with which select magnet 305 is asso 
ciated, Was Selected. District secondary con 
necting relay 603, in operating, caused the opera 
tion of the lowest select magnet, such as magnets 
3C and 32, of each secondary district switch and 
also caused the operation of the lowest select 
magnet, such as magnets 505, 507, of the office 
primary switches 500, 550 to which 'B' trunks 
337 to 360 extend. When decoder marker 608 
Selected idle Outgoing trunk 539 it caused the 
operation of the secondary office switch select 
magnet 5 which is associated with the level on 
which the trunk appears. 

Decoder marker 608, having matched idle 'A' 
trunk 332, idle 'B' trunk 337, and idle 'C' trunk 
528, now causes the operation of hold magnets 
36, 322, 52, and 527 of switches 300, 303, 500, 
and 503, respectively. The operation of hold 
magnet 36, with select magnet 305 operated, 
causes the closure of the upper right crosspoints 
of primary district switch 300. The operation 
of hold magnet 322, with select magnet 3 to oper 
ated, causes the closure of the right lower cross 
points of the Secondary district Switch 350, Hold 
magnet 52, in operating, with select magnet 505 

9 

primary office switch 500. The operation of hold 
magnet 527, with select magnet f operated, 
closes the right lower crosspoints of secondary. 
office switch, SO3. With the closure of the afore 
mentioned crosspoints, the connection from dis 
trict trunk 345 and subscriber's sender 439 is 
thereby extended over 'A' trunk 332, 'B' trunk 
387, and "C" trunk 528, to outgoing trunk 539 
which extends to the terminating office in which 
the desired called station is located. 
Decoder marker 608, having completed its func 

tions, now releases from the district and office 
frames. 
Thus the connection from the calling subscrib 

er's line 200, and from the sender 439 in which 
the designation of the called line is recorded, is 
extended over the selected idle trunk 539 to the 
desired terminating Office. Before proceeding 
further with the operations involved in the com 
pletion of the connection to the called subscrib 
er's line in the terminating office, a description 
will first be given of the switches, senders, mark 
ers and other pieces of equipment located in the 
latter ofice. | | | |???? 
There are two selective switching stages in the 

terminating part of an office. These are the 
incoming and final stages, and it is through them 
that connections are completed to the called sub 
scribers' lines or to private branch exchange 
trunks. Both the incoming and final stages com 
prise a number of separate frames of switches, 
called the incoming frames and the final frames. 
One of the incoming frames is illustrated in 
Fig. 8 and One of the final frames is illustrated in 
Fig. 11. 
An incoming frame comprises a plurality of 

primary cross-bar switches 800, 80, 802, 803, etc., 
and a plurality of secondary cross-bar switches 
805, 808, 807, etc., the primary and secondary 
switches being interconnected by links or trunks 
which may conveniently be designated as 'A' 
trunks. While different arrangements of the pri 
mary and secondary Switches may be used for an 
incoming frame, One Suitable arrangement is 
shown in Fig. 8. According to this plan, an in 
coming frame serves one hundred incoming trunk 
circuits, such as the trunk 539, and these trunks 
are distributed among eight primary incoming 
switches. Each of the eight primary switches 
comprises ten horizontal rows of contacts and 
twenty Vertical rows of contacts. In each of 
these switches the horizontal multiple is divided 
SO as to Separate the Switch into two parts, the 
larger part including sixteen vertical rows of 
contacts and the Smaller part four vertical rows. 
The one hundred incoming trunks are divided 
into ten groups of ten each. Eight of these 
groups appear respectively in the horizontal con 
tact rows of the larger parts of the eight primary 
switches. For example, the No. 0 group of trunks, 
which includes the trunk 539, appears in the ten 
horizontal rows of the part 8 1 of the No. 0 pri 
mary switch 800. The No. 3 group of trunks like 
wise appears in the part 82 of the fourth pri 
mary switch 80. Similarly, trunk groups Nos. 1 
and 2 appear respectively in the corresponding 
portions of the two primary switches (not shown) 
intermediate the switches 800 and 80. It will 
be noted that these first four groups of trunks 
appear in a single switch each, that is, they are 
not multipled from one switch to another. How 
ever, the next or No. 4 group of trunks, instead 
of appearing in the larger portion of one of the 
switches, is multipled to the smaller portions of 
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all of the first four primary switches 800 and 
80. In like manner, the remaining five groups 
of incoming trunks are divided among the last 
four primary switches, of which two switches 
802 and 803 are shown. 
The incoming frame also includes twelve sec 

ondary cross-bar switches, each of which is di 
vided into a larger part and a smaller part of 
contact rows, the larger part having sixteen ver 
tical rows and the smaller part four vertical rows, 
both the larger and smaller portions having ten 
horizontal rows. The primary and secondary 
switches are interconnected by one hundred and 
sixty 'A' trunks, these trunks being divided into 
ten groups of sixteen each. The first group 83 
of sixteen 'A' trunks appears respectively in the 
sixteen vertical rows of contacts in the part 8 
of the first primary switch 800, and they are 
wired in such a manner that some one of the 
sixteen trunks appears in each part of all of the 
Secondary Switches. For example, the first trunk 
84 of the first group 83 appears in the first 
horizontal row of the left-hand part 85 of No. 0 
secondary switch. 805. The Second trunk appears 
in the first horizontal row of the No. 1 secondary 
Switch (not shown). The third trunk 86 of 

... group 83 appears in the lowermost horizontal 
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row of part 8 ft of the No. 2 secondary switch 
806. The fourth trunk 88 of the group 83 is 
multipled and appears in the lowermost hori 
2Ontal roWS of the Smaller parts 89, 820 of all 
of the first three secondary switches 805, 806. 
It will be noted that these Smaller right-hand 
portions are wired in a manner similar to the wir 
ing of the primary incoming switches. This 
method of wiring the several trunks of the group 
8f3 continues throughout the secondary switches 
until finally the last or sixteenth trunk 82 ap 
pears in the first horizontal row in the Smaller 
????ns of the last three secondary switches 809, 
80. - 

In like manner, the next three groups of 'A' 
trunks outgoing from the left-hand parts of 
the next three primary switches, the last of which 
is Switch 80, extend and appear in the correspond 
ing horizontal rows of contacts of the secondary 
Switches. The No. 4 or fifth group of sixteen 
trunks is made up of the four vertical rows of the 
Smaller parts 822, 823 of each of the first four 
primary switches 800, 80, and this group of six 
teen 'A' trunks is wired to the horizontal rows 
of contacts in the secondary switches in the 
manner already described. Similarly, the last five 
groups of 'A' trunks outgoing from the primary 
switches 802, 803 are wired to the secondary 
switches. The last or tenth group 824 is repre 
sented by the first and last trunks 825 and 826 
of this group. The first trunk 825 of the group 
appears in the first vertical row of the smaller 
portion 827 of switch 802, and the last trunk 826 
in the last vertical row of the right-hand por 
tion 828 of the Switch 803. Thus, any group of 
ten incoming trunks has access through a pri 
mary switch to all of the secondary switches. 
The trunks outgoing from the secondary incom 

ing switches extend to the final switch frames. 
These are called 'B' trunks, and it is possible for 
an incoming frame to reach any final frame over 
these 'B' trunks. Since there are twelve second 
ary incoming switches, each switch having twenty 
vertical roWs, there are a total of two hundred 
and forty 'B' trunks, each of which occupies a 
full vertical row in a secondary switch. This 
total group of two hundred and forty is divided 
into twenty-four groups of ten 'B' trunks each, 
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Each of these groups is made up by taking a trunk 
from each of ten successive portions of the sec 
ondary switches. In other words, if the left 
hand parts 85, 87 of the first three switches 
80, 80 are designated as levels 0, 1 and 2, and if 
the right-hand parts 89, 820 of these three 
switches are collectively designated as level No. 3, 
and if the corresponding parts of the remaining 
secondary switches are likewise designated as 
levels 4 to 15, inclusive, each of the twenty-four 
groups of 'B' trunks is derived by starting with 
the first level of trunks and taking a single trunk 
from each of the first ten consecutive levels for 
the first group, a single trunk from the second 
ten consecutive levels for the second group, a 
single trunk from each of the third consecutive 
levels for the third group, and so on, repeating 
the cycle until all of the two hunded and forty 
trunks have been used. The first and last groups 
829 and 830 are illustrated. 
Any suitable number of final frames may be 

employed but it will be assumed in the present 
case that the office comprises twelve final frames, 
One of which is shown in Fig. 11. It Will further 
be assumed that each incoming frame has two 
groups of 'B' trunks extending to each of the 
twelve final frames, thereby utilizing the total 
twenty-four groups, 

Each final frame, such as the one shown in 
Fig. 11, comprises ten primary cross-bar switches 

| 100, 0, 02, 103, etc., each having ten, hori 
Zontal rows and twenty vertical rows of contacts, 
and ten secondary cross-bar switches í 104, 1 105, 
0, 0, etc., each having ten horizontal and 

twenty vertical rows of contacts. The primary 
switches are divided into two sections each. The 
sections 20, 2, 22, 23 of switches foe 
to ff03 each have ten vertical rows and serve to 
extend calls to all even numbered lines in the 
final frame. Similarly, sections 24, 25, 2B, 

27 of these switches have ten vertical rows 
each and Serve the Odd numbered lines. And 
each final Secondary Switch has its horizontal 
multiple divided into two equal sections. For in 
stance, switch 04 has a left-hand or even sec 
tion comprising parts ff08 (5 verticals) and ff09 
(5 verticals) and a right-hand or odd section 
comprising parts O (5 verticals) and (5 
Verticals). 
The subscribers' lines and the private branch 

exchange lines appear in the vertical rows of 
contacts of the secondary final switches, each 
line occupying a single vertical row of contacts 
in a single switch, that is, the lines do not mull 
tiple from One switch to another. The size of 
the group of lines served by a final frame may 
vary according to the arrangement and number 
of Switches but it will be assumed in the present 
disclosure that a convenient number of lines for 
a final frame is two hundred lines or some mull 
tiple thereof. The two hundred lines in a final 
frame are preferably divided so that the even 
and the odd lines are segregated. For example, 
if the frame shown in Fig. 11 serves the number 
0 and No. 1 hundreds lines of a particular 
thousand in the exchange, all of the even lines 
of these two hundreds appear in the left-hand 
halves or even sections of the ten secondary 
switches, and all of the odd lines of these two 
hundreds appear in the right-hand halves or odd 
Sections of the secondary switches. All even 
lines of the No. 0 hundred occur in the parts 

O8, ff2, f 3, 4 of the respective secondary 
Switches and similarly all of the even lines of the 
No. 1 hundred occur in the parts if 09, 5, 6, 

10 

5 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

75 



10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

which may be designated as 'C' trunks. 

2,098,117 
T. Similarly, the odd lines of the No. 0 and 

No. 1 hundreds are disposed in the left and right 
hand parts of the right-hand sections of the ten 
secondary switches... More specifically, the first 
ten even numbered lines, namely, lines 0 to 18, 
inclusive, of the No. 0 hundred appear respective 
ly in the extreme left-hand vertical rows of the 
parts O8, ff2, etc., of the ten switches 04 to 

O7. The second ten even numbered lines of 
this hundred, namely, lines 20 to 38, inclusive, 
appear respectively in the No. 2 vertical rows of 
contacts of these parts of the ten switches if 04 
to ff07, and similarly the remaining three groups 
of even numbered lines of the No. 0 hundred Oc 
cur in the next three vertical rows of contacts 
in the respective switches. The same is true of 
the even numbered lines of the No. 1 hundred 
appearing in the vertical rows of parts ff09, S, 

f6 and of the successive secondary 
switches. And the same plan is followed for the 
odd numbered lines of the No. 0 and No. 1 hun 
dreds in the right-hand halves of the secondary 
switches. 
The primary and secondary switches of the 

final frame are interconnected by links or trunks 
All ten 

of these primary switches ff00 to ff03 have ac 
cess not only to all of the secondary switches but 
also to the even and Odd sections of these sec 
ondary switches. For example, the even section 

20 of primary switch OO has ten "C" trunks 
28 outgoing therefrom which appear each in a 

horizontal row of contacts in the even section of 
each of the ten secondary switches. Likewise, 
the even section 2 of primary switch ff0l has 
ten "C' trunks 29 which appear in the even 
sections of the respective ten secondary Switches, 
and the same is true of the left-hand or even 
sections of the remaining eight primary switches. 
In other words, the left-hand sections of the 
primary switches have access to the left-hand 
halves of the secondary switches and, therefore, 
access to all even numbered lines in the two hun 
dreds served by this particular final frame. 
Similarly, the right-hand or odd sections 24, 
f 25, etc., of the primary final switches have 
access to the right-hand halves of the respective 
Secondary switches 04 to ff05, etc., and, there 
fore, access to all odd numbered lines in the 
frame. 
Returning now to the 'B' trunks which inter 

connect the incoming frame with the final 
frames, there are, as above explained, two groups 
of ten 'B' trunks leading from a particular in 
coming frame to each of the final frames. One 
of these groups of ten 'B' trunks has access ul 
timately to the even numbered lines in the final 
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frane, and the other group of ten 'B' trunks 
has ultimate access to the odd numbered lines in 
the final frame. For example, the group of ten 
trunks 829 extend from the incoming secondary 
switches and appear respectively in vertical rows 
of contacts in each of the ten even sections of the 
final primary switches ff00 to O3. The second 
group of ten "B" trunks 830 extend from the 
incoming secondary switches and appear respec 
tively in vertical rows of contacts in the odd 
sections of the ten final primary switches 00 to 

O3. Thus, the incoming frame shown in Fig. 8 
has access to even numbered lines in the final 
frame of Fig. 11 by way of the group 829 of 'B' 
trunks, and has access to the Odd numbered lines 
of this frame by way of the group 830 of 'B' 
trunks. In a similar Way this particular incom 
ing frame has a corresponding pair of 'B' trunk 

11. 
groups extending to each of the remaining final 
frames in the Office. Also, each of the other in 
coming frames in the office has a pair of "B" 
trunk groups extending to the primary switches 
of the final frame shown in Fig. 11 and to the 
primary switches in all other final frames in the 
office, 
The explanation thus far given has been based 

on the assumption that a final frame serves a 
group of two hundred lines. The capacity of the 
final frame may be enlarged to include two or 
more groups of two hundred lines by adding cor 
responding sets of ten secondary final switches 
and by multipling the "C" trunks outgoing from 
the ten primary switches 100 to ff03 of the 
frame to all sets of final secondary switches. For 
example, the "C" trunks f 130 extending from the 
primary final switches 00, ff of would appear in 
the even sections of secondary final switches 04 
to ff07, serving a particular two hundred line, 
would appear in similar secondary switches for 
another two hundred lines and so on for as many 
groups of two hundred lines as are assigned to 
this final frame, and the same would be true of 
all other 'C' trunks. 
The incoming and final Selector Switches which 

have been described above are controlled by ter 
minating register senders and terminating mark 
ers which are generally similar to the senders 
and markers previously described in connection 
with the originating part of the exchange. As 
disclosed in the drawings, there are thirty ter 
minating senders, such as the sender 007, and 
these are automatically connected to the calling 
incoming trunks by a sender selector switch and 
control circuit illustrated in Fig. 10. The sender 
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Selector comprises three cross-bar primary , 
switches 00, 002, and foo3, and three cross 
bar secondary switches f OO4, 1005, and 006. All 
these switches have ten horizontal and ten ver 
tical rows of contacts. The three primary 
switches have their horizontal multiple divided 
in four parts, as shown, three of these parts hav 
ing three vertical rows each and the fourth part 
having a single vertical row. The sender selector 
is associated with a particular incoming frame, 
Such as the frame shown in Fig. 8 and the one 
hundred trunks incoming to said frame also ap 
pear in the primary switches of the sender se 
lector. These one hundred trunks are divided 
into ten groups, nine of which, O08, O09, OO, 
etc., appear in the horizontal rows of contacts of 
the respective parts of the three switches having 
the three vertical rows of contacts. The trunks 
of the tenth group are multipled to appear in the 
horizontal rows in all three of the primary 
switches 00 f, fo2 and 003. 
The link circuits interconnecting the primary 

and secondary Switches of the sender selector ap 
pear in the vertical rows of contacts of both 
primary and Secondary switches. And these 
links are so connected, as shown in the drawings, 
that every group of ten incoming trunks has ac 
cess through a primary switch to any one of the 
three secondary switches 004, 005, and OO6. 
For example, the three links 009, OO, and of 
accessible to the incoming trunk group 008 ex 
tend from the primary switch fool to the sec 
ondary switches food; 005, and 1006, respective 
ly. Each of the three secondary switches has ac 
cess to a group of ten terminating senders com 
prising thirty senders in all; any one of which is 
suitable for completing the call to a desired line. 
The purpose of the terminating sender is to re 

ceive that portion of the total designation, re 
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12 
corded in the originating sender by the calling 
subscriber, which identifies the called subscriber's 
line in the terminating office. This numerical 
designation is transferred from the originating 
sender 439 to the terminating sender 007 by 
means of revertive impulses. These impulses are 
created by the sender 007 and react on the send 
er 439. This general method of controlling 
switches and other devices is well known in the 

In addition to the terminating senders the Office 
is equipped with a plurality of terminating mark 
ers, one of which, marker 300, is illustrated in 
Fig. 13. These markers receive the recorded 
designation from the senders and decode this 
information for the purpose of controlling the 
incoming and final Switches to establish the in 
coming connection through to the desired line. 
Since the markers are common to all of the Send 
ers, a sender connector device 30 is provided 
for connecting any one of the Senders with any 
one of the markers. This device is similar in 
construction and operation to the connector 
shown in Fig. 7 at the originating office. 
The several incoming frames are provided re 

spectively with incoming frame connectors, the 
purpose of which is to associate a marker with 
the incoming frame through which it is desired 
to extend an incoming call. The connector for 
the incoming frame shown in Fig. 8 comprises 
the multi-contact relay device 900, shown in Fig. 
9, and the multi-contact relay device 302, 
shown in Fig. 13. The device f302 comprises a 
plurality of multi-contact relays f303, 304, and 
305, each of. which is individual to one of the 
common markers. When one of these relays is 
Operated, the several test and control leads from 
the particular marker are extended to the multi 
contact relay device 900 relating to the particu 
lar incoming frame shown in Fig. 8. One of the 
functions of the device 302 is to extend a group 
of sixteen test leads 90 from the marker to the 
Contacts in multiple of ten multi-contact relays, 

45. 
of which two relays 902 and 903 are shown. 
These ten relays are respectively individual to 
the ten groups of incoming trunks, and when a 
particular One of the relays operates, it indicates 
that the incoming call is in the group of ten 
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trunks to which it is individual. Therefore, an 
operated one of the relays 902, 903, etc., extends 
the sixteen test leads 90 through its contacts to 
the sixteen 'A' trunks outgoing from the pri 
mary incoming switch to which the incoming call 
has been extended. For instance, if the incom 
ing call appears on trunk 539, the relay 902 in 
dividual to the group containing trunk 539 is op 
erated, and the test leads 90 are connected to 
the respective 'A' trunks of the group 83 since 
this group of 'A' trunks and no other can be 
of service in extending the call through the in 
coming frame. 
Another function of the device 302 is to ex 

tend from the marker the operating leads for 
the four multi-contact relays 904, 905, 906, and 
907. These latter relays have six sets of con 
tacts each, making a total of twenty-four sets of 
contacts, one for each of the groups of 'B' trunks 
829, 830, etc., extending from the incoming frame 
shown in Fig. 8 to the twelve final frames as 
sumed for the office. Accordingly, when one of 
the relays, such as the relay 904, is operated by 
the digit information stored in the marker, it 
prepares the test leads for the "B" trunk groups 
extending to each of three different final frames. 
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Since the called line appears in a particular one 
of these three final frames, the marker also causes 
the operation of one of six relays 908, 909. The 
particular one of these latter relays, such as the 
relay 908, that is operated, determines not only 
that the 'B' trunk group to be tested extends to 
the desired final frame, but also that it extends 
to the even or odd section of the final primary 
switches according to whether the called line is 
an even line or an odd line in the group of two 
hundred lines. 
Each of the remaining incoming frames has a 

frame connector similar to that shown in Figs. 
9 and 13. A portion of one of these connectors 
3, corresponding to the device 302, is shown 

for a second incoming frame. 
In like manner each of the final frames is pro 

vided with a frame connector. The one for the 
frame shown in Fig. 11 comprises the relay device 
shown in Fig. 12 and the multi-contact relay cOn 
necting device 306 shown in Fig. 13. These 
final frame connectors serve to Connect the 
marker to the particular final frame in which 
appears the called line. For this purpose, the 
device 306 consists of a number of multi-con 
tact relays 307, 308, 309, each individual to a 
different one of the common markers. 
Inasmuch as a final frame may serve two or 

more groups of two hundred lines each, the frame 
connector is provided with a plurality of multi 
contact relays 200, 20, each individual to a 
particular group of two hundred lines, and these 
relays are selectively operated by the marker de 
pending on which group of two hundred is de 
sired. A two hundred line group is divided for 
the purpose of testing into ten subgroups or 
blocks of twenty lines each, and to this end there 
are provided ten multi-contact relays 202, f2O3, 
one for each of the blocks of twenty lines in the 
two hundred line group. A block of twenty lines 
comprises twenty consecutively numbered lines, 
such as the lines 0 to 19, inclusive. As was 
above explained, these lines are segregated ac 
cording to whether they are Odd or even in dif 
ferent parts of the secondary final switches. The 
ten even lines of block No. 1 for example, namely, 
lines 0, 2, 4, 6-18, occur in the respective sec 
tions ff08, 2, 3 and 4 of the ten sec 
Ondary switches, and the ten odd lines of the 
same block of twenty, namely, lines 1, 3, 5, 7-9, 
occur similarly in the sections 0, 3, etc., of 
Said secondary Switches. Accordingly, the multi 
contact relay 202 individual to this particular 
block of twenty lines extends to the marker test 
leads, such as the test lead 204, for all twenty 
lines in the block whether odd or even, and the 
Same, of course, is true of each of the remaining 
relays, such as relay 203, individual to the other 
blocks of twenty lines. 
The purpose of these test leads for the differ 

ent blocks of twenty lines is to permit testing 
either of an individual line or of a group of pri 
vate branch exchange lines which may contain 
twenty or more lines. If the desired number 
identifies a private branch exchange line, the 
testing operation is performed in a group of 
twenty-lines until an idle one is found, and, if no 
line therein is idle, connection is made to a second 
(and a third, etc.) group of twenty lines, and the 
testing is resumed until an idle line is located or 
until all are found to be busy. If the called num 
ber represents a direct subscriber's line, then 
twenty test leads are connected to the block of 
twenty lines containing the called line, the same 
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as though a private branch exchange group were 
to be tested. However, the marker by its testing 
operation detects the fact that the line desired 
is a direct line and confines its testing Operation 
theretO. 

If the private branch exchange line has been 
located in the group of twenty or if the direct line 
has been tested and found to be idle, it is neces 
sary to prepare an operating circuit for the hold 
magnet of the secondary final switch, some of 
which magnets are indicated by the characters 

32 to 39, inclusive. Inasmuch as the chosen 
line is either in the even or Odd sections of the 
final Switch and since the marker has this in 
formation, one or the other of the two relays 205 
and 206 is operated from the marker. The even 
relay 205 closes the operating leads 207 which 
also extend through the contacts of the block 
relay 202 to the windings of the hold magnets 

32, 33, 34, 35, individual respectively to 
the ten even numbered lines in the block of 
twenty. Similarly, the odd relay 206 connects 
the same operating leads 207 through the con 
tacts of the block relay 202 to the windings of 
the hold magnets i 38, i 37, t 38, 39, indi 
vidual respectively to the ten odd lines in the 
block of twenty. 
Another function of the connecting device .306 

is to extend the operating leads to ten multi 
contact relays 208, 209, one for each of the 
pair of "C" trunk groups which extend respec 
tively to the two sections of one of the final sec 
Ondary Switches. For example, the relay 208 re 
lates to and serves to operate select magnets in 
the final primary switches f OO, 0 , etc., for 
all "C" trunks extending to the final secondary 
switch 06. Similarly, the relay 209 relates to 
and Serves to operate the select magnets in the 
primary switches for all 'C' trunks which extend 
to the secondary final switch O. Since half 
of these trunks extend to the even half of a sec 
ondary switch and the other half to the odd sec 
tion of the secondary switch, and since the called 
line is in One or the other of the two halves 
of the secondary switch, it is necessary to test 
that half of the total group of 'C' trunks reach 
ing the secondary switch which terminates in the 
section containing the called line. Since this di 
vision is one between even and odd lines, the test 
is confined to the proper half of the 'C' trunks 
by the operation of either the even relay 2 
or the odd relay 2 . It will be noted that these 
relays are operated in parallel with either the 
even and odd relays 235 and 286. If the even 

5 relay 2 is operated, the test conductors 22, 
which serve to test the 'C' trunks, are connected 
through the contacts of the operated relay, such 
as relay 298, to the ten 'C' trunks including 
trunks 46 and 4 which terminate in the 
even half of the final secondary switch 4. 
Likewise, if the odd relay 2 is operated, these 
test conductors 2t2 are connected through the 
contacts of relay 208 to the ten 'C' trunks 
including the trunks 42 and 43 extending to 

5 the odd half of the final secondary switch 04. 
Similarly, other final frames are equipped with 

final frame connectors including relay mecha 
nisms similar to that shown in Fig. 12 and other 
relay mechanisms similar to the one, 306, shown 
in Fig. 13. A second one of these latter devices, 
f30, is illustrated. 
In this way it is possible for the marker 300 

to which the numerical designation of the 
wanted line has been transferred to connect it 
self to the incoming frame to which the incom 

13 
ing trunk has been extended, and to the final 
frame containing the called line, and to asso 
ciate its test conductors with the proper group 
of 'A' trunks interconnecting the incoming pri 
mary and secondary switches and with the proper 
group of ten "B" trunks extending from these 
secondary incoming switches to the primary 
final switches and with the proper group of ten 
'C' trunks extending from these primary final 
switches to the particular half of the particular 
final secondary switch in which the called line 
or the idle private branch exchange line has 
been located. 
A brief description will now be given of the 

sequence of operations in the completion of the 
call to the subscriber's line. At the time the 
connection was extended from the originating 
office over the selected idle trunk 539, relay 
mechanism individual to the trunk was caused 
to operate and initiate the operation of a control 
circuit (not shown) associated with the sender 
selector Switch of Fig. 10. The control circuit 
proceeds to test the senders and links, such as 
links 009, O O, O, etc., and when an idle 
sender and an idle link have been found, the 
select and hold magnets of the primary and sec 
Ondary sender selector switches are operated, 
thereby extending the incoming trunk 539 
through to an idle sender, such as the sender 

0. 
Also at this time the incoming trunk 539 causes 

the operation of a relay 882 which in turn effects 
the operation of the lowermost select magnets 
833, 834, etc., of the first four primary incom 
ing selector switches 800, 80?. Also, the relay 
832 operates the multi-contact relay 902 which, 
as has been explained, is individual to the group 
of ten trunks including the trunk 539 incoming 
to the primary switch 800. Inasmuch as the 
incoming trunk 59 is served only by the group 
of sixteen 'A' trunks 83, each one of which 
appears in a corresponding horizontal row in 
one of the respective secondary switches 805, 
806, etc., it is possible to operate the select mag 
nets for these "A" trunks at this time. These 
select magnetis 833, 834, 835, etc., are all op 
erated by relay 902 although only one of the mag 
nets will be used. 
As soon as the circuits are prepared between 

the originating sender 439 and the terminating 
sender 9, the numerical portion of the called 
designation is transferred by revertive impulses 
to sender A. thereupon, the connector 36 
is operated to connect sender to an idle 
marker 83, and the number of the called line is 
then transferred to register relays in the marker, 
and this information is set up on a translator. 
The marker proceeds to operate the frame con 
nector 36 and 20 relating to the final frame 
containing the called subscriber's line 44, 
From the thousands and hundreds digits stored 
in the marker, it is possible for the marker to 
determine the operation of the particular relay, 
such as relay 200, which identifies the group of 
two hundred lines in the group of a thousand 
lines which contain the called line. Following 
the operation of relay 200, the marker causes 
the operation of the particular block relay 203 
relating to the group of twenty lines in the 
determined group of two hundred. Test leads 
are then extended to these lines, and the par 
ticular line desired, f44, is tested to determine 
whether it is busy or idle. Since the line 4 
appears in the odd half of the final switch del, 
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2,098,117 
lay 40 f, in operating, operates horizontal group. 
relay 500 which is associated with the horizon 
tal row or group of line switches containing that 
Switch in which the calling line appears. The 
circuit for reley 500 may be traced from ground 
over the inner front contact of relay 40, back 
contact of relay 405, conductor 444, winding 
of relay 500, normally closed left contacts of the 
other horizontal group relays such as relays 50, 
502 and 503, conductor 504, to battery through 

the winding of relay 406 which also operates. 
Relay 500, operating, locks over its inner left 
and inner right front Contacts to ground Over 
conductor 507 and the upper back contact of 
relay 4 ft. Relay 406, in operating, operates 
relay 405 over a circuit from ground over its 
lower front contact, lower middle back contact 
of relay f4, conductor 505, next-to-inner right 
front contact of relay 500, conductor 506, to 
battery through the winding of relay 405. The 
relays, corresponding to relay 405, associated 
with each of the other primary switches in the 
same horizontal group operate simultaneously 
since their windings are also connected to con 
ductor 1506 as indicated by multiple strap i 426. 
Relay 405, in operating, opens the operating cir 
cuit for relay 500, and connects ground from 
the inner front contact of relay 40, over its 
inner front contact, to the winding of relay 42. 
The operation of relay 405 also connects the 
outer front contact of line relay 40 and the 
bottom armature of primary line Switch hold 
magnet 45 to the outer armature of relay 46. 
As hereinbefore set forth in the general descrip 
tion, there are ten subscribers' lines connected 
to each primary Switch, one line being connected 
to each of the ten Wertical roWS of COntacts of 
the switch. Relay 405, by its operation, also 
connects the outer front contact of the line re 
lays (not shown) of the other nine lines of the 
primary switch, together with the bottom arma 
ture of the other nine primary switch hold mag 
nets (not shown) Over nine additional armatures 
such as armature 47, to nine additional arma 
tures, such as armature 1418, of relay, 46. The 
operation of the relays (not shown), correspond 
ing to relay f405, of the other primary switches 
of the horizontal group similarly connect the 
inner front contacts of the ten line relays and 
the bottom armatures of the ten primary switch 
hold magnets, of the primary switch with which 
they are associated, to the ten armatures of other 
relays, corresponding to relay 4 f6, one of which 
is associated with each vertical row of primary 
switches. The ten line circuits connected to the 
primary switch containing the calling line, to 
gether with the ten hold magnets associated with 
the ten vertical rows of contacts to which these 
lines connect, have therefore, by the operation 
of horizontal group relay 500 and the Subsequent 
operation of relay 405, been connected to the 
vertical group selection circuit associated with 
the vertical group in which the primary Switch 
appears. Similarly, the operation of each relay 
(not shown), corresponding to relay 405, of the 
other primary switches in the same horizontal 
group, has connected the ten line relays and ten 
hold magnet armatures of its primary Switch to 
the vertical group selection circuit associated with 
the vertical group containing that primary SWitch. 

Each vertical group selection circuit consists 
of three relays, relays 42, 46, and 49, which 
are common to the Switches in a particular Ver 
tical row. The armatures of relay 46 connect, 
as indicated by multiple straps 420 to 422 in 

15 
clusive, to the front contacts of each of the re 
lays such as relay 405 of all primary Switches in 
the same vertical group. The ten armatures of 
relay 49, of which only two are shown, connect 
to the windings of the ten primary switch Select 
magnets, such as magnet 42, of all primary 
switches in the same vertical row as indicated 
by multiple straps 428. The function of the 
vertical group selection relays is to connect the 
lines of the primary switches in any vertical 
group of switches to ten line test relays, three 
of which, relays 423 to 425, inclusive, are shown, 
and also to connect the windings of the Select 
magnets of these primary switches to the control 
circuit for future operation. 

Since the operation of vertical selection relay 

10. 

46 connects the front contacts of ten relays . 
such as relay 405, one for each of the ten pri 
mary switches in the vertical group, to the line 
test relays, it is necessary that only one relay 
such as relay 405, in any particular vertical row 
of primary switches, be operated at one time, to 
insure the proper functioning of the line test re 
lays in their selection of the calling line. 
Assume now that at this time a second line, 

associated with a primary switch in the same 
vertical group of switches, but connected to a 
primary switch located in a different horizontal 
group, for example, the group with which hori 
Zontal group relay S0 is associated, initiates a 
call. The operation of the line relay (not shown) 
of this second calling line operates relay 50 
over a circuit similar to that described for the 
operation of relay 500 except that in this case 
the operating circuit extends over the back con 
tact of the primary switch relay, corresponding 
to relay 405, which is associated with the pri 
mary switch in which this second calling line is 
located. The relay, corresponding to relay 405, 
of this second primary switch does not operate 
at this time however, since its operating circuit 
over the partially indicated conductor 555 was 
opened by the previous operation of relay 500. 
over the next-to-inner right back contact of that 
relay. Relay 50 t remains operated from the 
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front contact of the line relay of the second call 
ing line but no further operations for associating 
the lines of that horizontal group of Switches with 
the vertical selection relays takes place until the 
control circuit releases after having disposed of 
the first calling line. 
When relay 405, together with the corre 

sponding relays of the other primary Switches 
of the same horizontal group, operates during 
horizontal group selection as previously set forth, 
a circuit is closed from ground Over the inner ar 
mature and front contact of relay 40, inner 
armature and front contact of relay 405, wind 
ing of vertical group relay 42, normally closed 
lower contacts of the vertical group relays, such 
as relays 43 and 44, associated with the other 
vertical groups of switches, to battery through 
the winding of relay 429. Relays 42 and 429 
operate in series, relay 42 locking in a circuit 
over its lower front and upper inner front con 
tacts, lower inner back contact and armature of 
relay 4, to ground over the lower armature 
and front contact of relay 406. Relay 42, in 
operating, removes the ground over its upper 
outer back contact from the chain circuit extend 
ing over the upper outer armature of the other 
Vertical group relays, such as relays 43 and 
44, and closes a circuit from ground over its 
upper outer front contact to battery through the 
windings of relays 46 and 49 in parallel, these 
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relays operating. Relay f4 f6, in operating, closes 
the circuit from the outer front contacts of the 
ten line relays and the bottom armatures of the 
ten hold magnets, of the primary switch con 
taining the calling line, over ten front contacts of 
relays 405 and 46, to the upper windings of 
ten line test relays such as relays 423 to 425, 
inclusive. Only one vertical selection relay, such 
as relay 46, can be operated at any time. As 
previously stated, relay 42, by its operation, 
Opened the ground from the upper outer arma 
tures of relays 43 and 44 so that, should these 
latter relays operate at this time due to the pres 
ence of a call in Some other vertical switch of 
the same horizontal group, their operation is in 
effective in operating their associated vertical 
Selection relay corresponding to relay 46. Had 
relay 44 been operated instead of relay 42, 
it would, by the opening of its lower normally 
closed contacts, have opened the operating cir 
cuit for relays 42 and 43 thereby making 
these relays ineffective until the release of relay 
44 by the release of the control circuit upon the 
disposal of the first call in the vertical group. 
Upon the previous operation of relay 406 a 

circuit was closed from ground over its lower 
front contact, lower inner back contact of relay 
f4ff, upper front contact of relay 406, lower 
inner back contact of relay 430, to battery 
through the winding of relay !43í which operated 
and connected ground over its front contacts to 
the upper winding of each of the ten line test 
relays such as the relays 423 to 425, inclusive. 
Upon the operation of vertical selection relay 
46, a circuit is completed from battery through 

the Winding of primary switch hold magnet 45 
which is associated with the vertical row of con 
tacts to which the calling line connects, over the 
Outer front contact of line relay 40, outer front 
Contact of relay 405, outer front contact of re 
lay 46, upper winding of line test relay f 423, 
to ground over the front contact of relay 43. 
Relay f423 operates but primary hold magnet 
45 does not since it does not receive sufficient 

current at this time. Relay 423, in operating, 
locks in a circuit from ground over the inner 
front contact of relay 429, lower armature and 
back contact of relays 425 and 424, lower arma 
ture, front contact and lower winding of relay 
f423, to battery through the winding of relay f430 
which operates. Relay 430, in operating, opens 
the operating circuit for relay 43 which re 
leases. Relay 43, in releasing, opens the ground 
from the upper windings of the ten line test 
relayS. 
Should there be several Simultaneous calls Over 

the lines connected to any primary Switch at 
the time that the ten lines of this switch are as 
sociated with the line test relays as just de 
scribed, the separate line test relays correspond 
ing to these several calling lines will operate at 
the same time. The line test relays, in this case, 
will prefer and select only one of the several call 
ing lines. Assume, for example, that both re 
lays 423 and 425 operate due to calls being ini 
tiated over the lines with which these two relays 
are associated. Upon the operation of relay 430 
and the subsequent release of relay 43, relay 
425 remains locked through its lower winding 

in series with relay 430 which it operated over 
that path. Relay 423, however, since the hold 
ing circuit through its lower winding is opened 
at the lower back contact of relay 425, releases 
when the operating circuit through its upper 
winding is opened by the release of relay 43f. 
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The call initiated over the line with which relay 
423 is associated will not be served at this time 

but must await the release of the control circuit 
upon the disposal of the calling line which it pre 
ferred. For the purpose of this description, how 
ever, it is assumed that the line with which relay 
423 is associated is the only line, of the ten lines 
appearing in that particular primary switch, over 
which a call is being initiated. 
When relay 406 operated during horizontal 

group Selection as hereinbefore described, a cir 
cuit was closed from ground over the lower front 
contact of relay 406, back contact of relay 4ff, 
upper front contact of relay 406, conductor f432, 
back contact of relay 508, back contact of relay 
509, to battery through the winding of relay 
50 which operated. Relay 50, in operating, 

closes a circuit from this same ground on con 
ductor 432, over its upper front contact, to bat 
tery through the winding of relay 5. f. Relay 
5 operates and locks over its lower front con 

tact to the ground on conductor f432. Relay 
5, in operating, closes a circuit from ground 

Over its upper inner front contact, over conduc 
tor 52, back contact of relay 92, to battery 
through the winding of start relay 900 of the 
SubScriber's Sender Selector control circuit shown 
in part in Fig. 19, the remainder being shown in 
Figs. 16 and 18. The operation of the sender 
selector circuit following the closure of the oper 
ating circuit for its control circuit start relay 
900 will subsequently be set forth in detail. 
When relay 500 operated during horizontal 

group selection it closed a circuit from ground 
over conductor S05, over its next-to-inner right 
front contact, to battery through the winding of 
relay 53 which operated. Relay 53 upon its 
operation closed a circuit from the right winding 
of relay 54, over the next-to-inner back contact 
of relay 508, next-to-inner right front contact 
of relay f 53, conductor f 55, to the armature of 
the secondary line which hold magnet 433 which 
is associated with that row of secondary switch 
contacts to which line link 409 is connected. 
There are nine additional relays, similar to relay 
54, three of which, relays S6 to 58, inclu 

sive, are shown. The operation of relay 53 also 
closes circuits from the right windings of each 
of the aforementioned nine relays, over nine ad 
ditional back contacts (one of which is shown) 
of Irelay 508, over nine additional front con 
tacts (one of which is shown) of relay 53, to 
the armatures of nine other Secondary line Switch 
hold magnets (not shown), one per secondary 
line switch, which are associated with vertical 
rows of contacts to which the other nine line 
links (not shown) from the primary line Switch 
horizontal group containing the calling line are 
connected. Relay 53 is individual to the pri 
mary line switch horizontal group with which 
horizontal group relay 500 is associated. 
There are nine other relays corresponding to 

relay 53, three of which, relays 59 to 52, 
inclusive, are shown. One each of these relays 
is associated with each of the nine other hori 
zontal group relays, such as relays 50 to 503, 
inclusive, and perform functions similar to those 
of relay 53. Any relay, such as relay 59, 
520 or 52, when operated under control of 

its associated horizontal group relay over a cir 
cuit similar to that described for the operation 
of relay 53, closes the circuits from the arma 
tures of the ten secondary line switch hold mag 
nets, one on each of the ten secondary 'line 
Switches, which are associated with the vertical 
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rows of contacts to which the ten line links, simi 
lar to. 1ine link 1409, extendüng from that particu 
lar horizontal primary switch group, are con 
nected. 
The armatures of crosspoints 40, which rep 

resent one horizontal row of contacts on one sec 
ondary line switch, connect to a district trunk 
such as shown in Fig. 17 over conductors 434 
to 1437, inclusive. The two upper armatures of 
crosspoints 40 also connect, over conductors 
434 and 435, together with conductors floo to 
O4, inclusive, of the associated district trunk, 

to one vertical row of contacts, represented by 
the contacts of crosspoints 800 of one of ten 
primary sender selector switches. The other nine 
horizontal rows of contacts (not shown) of the 
same secondary line switch connect to nine other 
district trunks (not shown) and, together with 
these district trunks, connect to nine other verti 
cal contact rows of the same primary Sender Se 
lector switch in which crosspoints i 800 appear. 
The ten horizontal rows of contacts of another 
of the ten secondary line switches connect to ten 
other district, trunks located on the same district 
frame and, together with these district trunks, 
connect to the vertical rows of contacts of an 
other primary sender selector switch. The corre 
sponding horizontal rows of contacts of the two 
primary sender selector switches associated with 
the two groups of ten district trunks located on 
the same district frame are nultipled together 
and extend, over ten Sender links such as Sender 
link 80 f, to one vertical row of contacts in each 
half of the five secondary sender selector 
switches. In a similar manner the eight remain 
ing Secondary line SWitches (not shown) of the 
line switch group are arranged in pairs, the ten 
horizontal contact rows of each pair connecting 
to two groups of ten district trunks each, the 
district trunks to which each pair of secondary 
line switches extend being located on One of four 
other district frames. The horizontal contact 
rows of these eight remaining secondary line 
Switches also connect, together with their aSSOci 
ated district trunks, to the vertical contact rows 
of primary sender selector switches of four other 
Sender Selector circuits. 

Since each of the five pairs of Secondary line 
switches connects to groups of district trunks 
on separate frames, there are five district frames, 
two groups of ten district trunks of each frame 
Serving the same line SWitch group. The re 
maining eight groups of ten district trunks of 
each district frame serve some other four line 
switch groups. The line Switch group having ac 
cess to district trunks located. On five different 
district frames, the five sender selector circuits 
associated with these district frames are all 
caused to function simultaneously in connection 
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with the selection of the particular district trunk 
to which the calling line is to be connected. For 
this purpose the line Switch control circuit start 
relay 5 is provided with four additional front 
contacts and armatures, the front contacts being 
connected to ground and the armatures extend 
ing over conductors, corresponding to conductor 
52, to the windings of the start relays, corre 

sponding to relay 900, of each of the other four 
Sender selector circuitS (not shown). All five 
sender selector circuits function simultaneously 
in an identical manner to the point where the 
line switch control circuit prefers a particular 
group of district trunks in which to place its call 
as will h?reinaft?r b? s?t fQrth, 

17 
Each sender selector control circuit is provided 

with five group circuits, one for each of the 
groups of twenty, district trunks serving - a par 
ticular line switch group. One of these group 
circuits, consisting of relays 803. to 806, in- , 
clusive, is . shown and is aSSOciated with that 
group of twenty district trunks in which the 
trunk shown in Fig. 17 is located. The four other 
similar group circuits (not shown) are associated 
with the four other groups of twenty district 
trunks which are located On the same district 
frame served by this sender selector circuit but 
which connect to the secondary line switches of 
four other line groups. W 
As hereinbefore set forth in the general de 

scription, each sender selector circuit is provided 
with five secondary sender selector switches, one 
half of each of which has tem horizontal rows 
of contacts which in turn connect to ten senders. 
There are ten group busy relays, four of which, 
relays 90 to 1904, inclusive, are shown. Should 
all ten senders of a particular group be busy 
simultaneously or should the entire group of 
senders be removed from service for maintenance 
purposes, the group busy relay associated with 
that particular sender group operates as will 
hereinafter be described. 
The operation of relay fl3 having connected 

the arnatures of the ten secondary line switch 
hold magnets associated with the ten line links 
to which the primary line switch horizontal group 
containing the calling line has access, to the right 
Windings of ten relays, such as relays 54 to 
58, inclusive, and the operation of the line 

Switch control circuit start relay || 5 having op 
erated the five sender selector control circuit 
start relays, such as relay 900 and four similar 
relays, the sender selector circuits are now ready 
to test the ten groups of district trunks to which 
the horizontal rows of contacts of the ten sec 
Ondary line switches, accessible over the ten 
aforementioned line links, are connected, to de 
termine and thereupon inform the line switch 
Control circuit which of these groups of district 
trunks contain one or more idle trunks and have 
simultaneously at least one path over an idle 
Sender link, such as link 80, to an idle sender 
circuit. Should more than one group of district 
trunks satisfy these aforementioned tests, the 
line Switch control circuit, upon receiving this in 
formation, prefers one of the groups, causes the 
other line groups associated with the district 
frame containing the preferred group of trunks to 
be locked out of the sender selector circuit, and 
renoves the test from the groups of district 
trunks located on the other four district frames. 
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The manner in which these tests and selections 
are made in One of the sender selector circuits is 
set forth in detail in the succeeding paragraphs. 
The right end of the right winding of relay 
54 connects over the outer armature and back 

contact of relay 522 and over conductor 523 
to the front contact of relay 1806. The right 
end of the right winding of relay 56 connects 
over the next-to-outer back contact of relay 522 
and over conductor 524 to the armature of re 
lay 803. The right end of the right windings 
of relays 5 and 58 connect over the next 
to-inner and the inner back contacts respective 
ly of relay. 525 and over conductors 526 and 
52, respectively, to the front contact and to the 

armature respectively of relays (not shown) 
which correspond to relays 806 and 803 and 
Which are associated with a sender selector con 

65 

70 

75 



10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

S 
trol circuit serving some other district frame. 
In a similar manner, as indicated by the partially 
shown conductors at the lower three armatures 
and back contacts of relay 522 and the upper 
three armatures and back contacts of relay 525, 
the right windings of the other six relays (not 
shown) which are similar to relays 54 to 58, 
inclusive, connect to relays which correspond to 
relays 1803 and 1806 of the sender selector con 
trol circuits associated with three other district 
frames. 
One side of the windings of relays 804 and 
805 are connected together and extend, through 

the normally closed contacts of jack 1807, over 
conductor 808 and over the next-to-inner front 
contact of relay 900 to the upper outer back 
contact of each of the ten sender group busy 
relays such as relays 90 to .904, inclusive. As 
hereinbefore set forth, each sender selector con 
trol circuit has five group circuits composed of 
relays, such as relays 803 to 806, inclusive, one 
for each of the five groups of twenty trunks on 
the district frame which it serves. The windings 
of each of the other four pairs of relays (not 
shown) corresponding to relays 804 and 1805, 
are similarly connected together and extend over 
one of four additional armatures and front con 
tacts of relay 900, as indicated by the inner 
armature and front contact, to one of four ad 
ditional upper back contacts of the sender group 
busy relays f 90 to 904, inclusive, as indicated 
by the upper inner back contact and armature 
of these relays. The upper outer armature of 
relay 90 connects over conductor. 905 to the 
armature of Sender selector secondary switch hold 
magnet 809 which is associated with that row 
of Secondary Switch contacts to which sender 
link 80 is connected. The other four upper 
armatures of relay Sof, one of which is shown, 
together with the five upper armatures of relay 
902, connect over the partially indicated conduc 

tors extending from them, to the armatures of 
nine other sender selector secondary switch hold 
magnets, similar to magnet 809, which are as 
Sociated with the rows of secondary switch con 
tacts to which nine other sender links are con 
nected. The ten upper armatures of each of 
the other four pairs of sender group relays, sim 
ilar to relays 90 f and 902, such as the pair con 
sisting of relays 903 and 904, connect to the 
arnatures often other sender selector secondary 
Switch hold magnets, similar to hold magnet 
809, one on each half of each of the secondary 
Sender selector switches. 
Assuming now that sender link 80 f is not in 

use and that its associated sender selector sec 
Ondary Switch hold magnet f809 is therefore not 
operated, ground over the inner back contact 
and armature of hold magnet f809 is connected 

...to the windings of relays 804 and 805 over a 
previously traced circuit. Any other unoperated 
Sender selector secondary switch hold magnet 
associated with an idle sender link extending 
from the same sender selector primary switch 
also connects ground, over identical circuits, to 
the windings of relays 804 and 805. Similarly, 
unoperated sender selector secondary switch hold 
magnets associated with sender links extending 
from other sender selector primary switches con 
nect ground to the windings of relays corre 
sponding to relays 804 and 805 which are as 
Sociated with other groups of district trunks con 
necting to other primary sender selector switches 
and therefore having access to these other sender 
links. 
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District group has more than one late trunk 
The windings of relays fils and SIB are con 

such as resistance if, six of which are shown. 
The other side of each of these resistances is as 
sociated with one of the ten district trunks which 
connect to the same sender selector primary 
switch. For example, resistance 80 connects 
Over the back contact of sender selector primary 
switch hold magnet and over conductor 74, 
Over the normally closed contacts of jack 1705, 
lower inner back contact of relay TOB,lowerouter 
back contact of relay 77, to battery through 
resistance 1788. The othernine resistances con 
nect over conductors, such as 82 to 84, in 
clusive, over the back contacts of the other nine 
hold magnets of the same primary sender se. 
lector switch, to battery in each of nine other 
district trunks over circuits similar to that just 
traced for resistance 8f). The windings of re 
lays to and 804 are also connected in series 
and connect, over conductor SS, to ten resist 
ances (not shown) each of which extends through 
the lower contact of a primary sender selector 
Switch hold magnet, similar to magnet f8, to 
one of ten other district trunks. Each idle dis 
trict trunk of the group, since its relays 706 and 
707 are unoperated, supplies battery over the 

previously traced circuit to one of the ten re 
sistances, such as resistance 80, associated with 
that group of districts. Relays fos and 1806 
have marginal operating characteristics and will 
receive sufficient operating current only if two 
Or more district trunks of a group are idle and 
Supply battery to their respective resistances. 
Relays 804 and 805, however, receive sufficient 
Operating current if only one district trunk of a 
group is idle. Assuming now that the district 
trunk shown in Fig. 17, as well as some other 
trunk in the same group, is idle, both relays 805 
and 806 operate. Relay 1806, in operating, 
closes a circuit from battery through resistance 
87, over its front contact and over conductor 
f523 to the right winding of relay 54. Relay 
805 in operating, closes a circuit from battery 

through resistance 86 and over its right front 
contact and conductor 88, to the outer front 
contact of relay 522. Should only one district 
trunk be idle, relay 1805 operates but relay 1806 
does not since it receives an insufficient flow of 
Current through its winding. In the event that 
none of the district trunks of the group are idle, 
neither relay 805 nor relay f806 will operate 
since there is no battery connected to any of the 
resistances such as resistance 80. Relays 803 
and 804 operate Over a circuit similar to that 
described for relays 806 and 805, respectively; 
both relays operating if two or more of their as 
sociated district trunks are idle, but only relay 
f804 operating if but one district trunk is idle. 
Relay 304, if operating, connects battery through 
resistance f89, over its left front contact, and 
over conductor 829 to the next-to-outer front 
contact of relay 522. Relay 803, if operating, 
connects battery through resistance 828, over 
its front contact, over conductor 524, over the 
next-to-outer back contact of relay 522, to the 
right winding of relay 56. 
Since the operating ground for relays fo3 to 

806, inclusive, is obtained over the armatures 
and back contacts of the sender selector second 
ary switch hold magnets, such as magnet f809, 
which are associated with the ten sender links, 
such as link 80?, to which the two groups of 

nected in series and connect to ten resistance, 
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district trunks with which relays 803 to 1808, 
inclusive, are associated connect, relays 803 to 
808, inclusive, cannot operate unless there is 
at least one sender selector secondary switch hold 
magnet unoperated and thereby signifies that its 
associated sender link is idle. In addition, each 
of the circuits for supplying an operating ground 
to relayS 803 to 1806, inclusive, from the arma. 
ture of a hold magnet on each of the Sender 
selector secondary switches extends over a cor 
responding upper armature and back contact of 
one of the ten sender group busy relays such as 
relays 90 to 904, inclusive. Taking sender 
group busy relay 90?, for example, should all ten 
senders of the group associated therewith be 
busy simultaneously, the last sender of the group, 
in a manner which will be set forth in detail un 
der the description of the Operation of the sender, 
cases a ground to be connected to conductor 
1906. This ground operates relay 90 in a di 
rect circuit to battery through the winding', of 
that relay. Relay 90? will also operate upon the 
connection of ground to conductor 906 by the 
insertion of a plug (not shown) into jack 907 
which is done if it is desired to remove the par 
ticular sender group from Service for chainte 
nance reasons. With relay foll operated under 
either of the above conditions the operating path 
for relays i 803 to i 808, inclusive, to the arma 
tures of the sender selector secondary switch 
hold magnets associated with the sender links 
having access to the group of senders associated 
with relay 90 , is opened and is ineffective even 
though the particular sender link is idle at that 
time. 
From the foregoing description it may there 

fore be seen that a sender selector group relay, 
such as relay 806, can only operate and connect 
battery to the right winding of its associated line 
switch group relay, such as relay 54, when all 
cf three separate test conditions are satisfied, 
namely, that at least one district trunk of the 
group with which that sender Selector group re 
lay is associated, is idle, and that there is at 
least one available idle sender link, such as link 
80, which extends from the primary sender 

selector switch to which the group of district 
trunks connect to a sender selector secondary 
switch which in turn has access to an idle sender 
at that time. 
Operations similar to those set forth in the 

preceding paragraphs take place simultaneously 
in the other four sender selector circuits asso 
ciated with the other four district frames to 
which the horizontal rows of contacts of each of 
the other four pairs of secondary line switches of 
the line switch group are connected. 
As hereinbefore set forth, the operation of re 

lay 53, closed circuits previously traced from 
the left end of the right windings of ten relays 
such as relays 54 to 58, inclusive, to the 
armatures of the ten secondary line Switch hold 
magnets such as magnet (433, associated with 
the ten line links extending from the primary 
line switch group containing the calling line. 
Assuming that line link 409 is idle, relay f 54 
operates through its right winding from ground 
over the back contact of secondary line switch 
hold magnet 433 to battery over the right front 
contact of relay 806 over previously traced cir 
cuits. Similarly, any of the other nine relays, 
of which relays 56 to 58, inclusive, are shown, 
will also operate if the secondary line switch 
hold magnet to which one side of their right 
Windings connect is idle and if battery is con 

nected to the other side of their right windings 
from an Operated sender selector group relay 
Such as relay 303, or relays corresponding to re 
lays foa or 808, of the sender selector control 
circuits associated with other district frames. . 

Relays, 528 and 530 are two of five relays one 
of which is associated with each pair of line 
switch group relays such as relays 54 and 56 
and relays 5 and 58, respectively. The line 
switch control circuits of other groups of line 
Switches having access to the same district frames 
also have five relays corresponding to relays 1528 
to 530. Partially shown relay 53 represents 
a relay corresponding to relay 528 of some 
other line switch control circuit. Conductor 
532 represents the continuation of the chain 

circuit extending over the normally closed con 
tacts of the make-before-break springs of re 
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lays 528 and 53 to the identical contacts and 
windings, of relays similar to relay 53, in the 
other line switch control circuits whose second 
ary line switches have access to the same group 
of district trunks. In a like manner the other 
four relays of each line switch control circuit 
which are similar to relay 528; such as relay 
530, are also connected in a dhain circuit (not 
shown) with the corresponding relay of the other 
line switch control circuits the secondary switch 
es of which have access to the same district trunk 
group. 
Upon the operation of relay 54, previous 

ly assumed, a circuit is closed from battery 
through resistance 529, right outer front con 
tact of relay 500, left Outer front contact of re 
lay 54, to ground through the winding of re 
lay 528 which operates. The operating circuits 
for relays f28 and 530 and the three other simi 
lar relays (not shown) of each line switch con-, 
trol Circuit extend in a chain circuit over the left 
outer front and back contacts and armatures of 
the relays such as relays 54 to 58 inclusive, 
in such a manner that one relay such as relay 
528 or 530 can operate at any one time re 

gardless of the number of relays such as relays 
5 i 4 to 5 f8, inclusive, which may operate simul 

taneously. In addition, this chain circuit pro 
vides a preference as to which relay, such as re 
lays 528 and 530, operates, the particular relay 
preferred depending upon the horizontal group in 
which the calling line appears. For illustration, 
since the calling line is assumed to be located in 
the horizontal line group with which relay 500 
is associated, relay 500 operated and upon the 
subsequent operation of relay 54 the preferred 
relay 528 operates over the circuit just previous 
ly traced regardless of whether or not other, 
relays, such as relays fift and 58 are also op 
erated at this time. Assuming that both relays 
f 54 and 57 are operated, relay 530 cannot 
operate since its operating circuit is open at the 
left back contact of relay f 54. Had relay 57 
alone operated and not delay 54, relay 528 which 
is normally preferred by relay ( 500 cannot op 
erate since both relays 54 and 56 are unop 
erated. In this instance relay ft 530 would op 
erate in a circuit from ground through its wind 
ing, left outer front contact of relay 57, left 
outer back contacts of relays 58 and 54, right 
outer front contact of relay 500, to battery 
through resistance 529. In this manner a par 
ticular horizontal group relay Such as relay 500 
prefers a particular relay such as relay 528 
but, should the operating path thereto be incom 
plete due to the failure of relay 54 to operate, 
will cause the operation of some other relay, 
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such as relay f, provided some other relay, 
such as relay St., is operated indicating avail 
able idle district trunks in the group with which 
it is associated. Relay 528, in operating, removes the ground 
over its back contact from the aforementioned 
chain circuit extending through corresponding 
relays of other line groups thereby preventing 
the possible operation of a relay, such as relay 
53, of some other line switch control circuit 

whose associated secondary line switches extend 
to the same twenty district trunks as the second 
ary line switches with which relays 54 and 
are associated. The operation of relay f2 also 
closes a circuit from ground over its inner front 
contact, over conductor f3, through the left 
winding of relay 1908, to battery over the right 
back contact of relay 99, thereby operating 
relay 1908. There are four other relays similar 
to relay 908, one of which, relay ff0, is shown. 
The left windings of each of these other four 
relays, such as relay i90, connect to the inner 
front contact of one of the other four relays, 
such as relays 528 or 50 of some other line 
switch control circuit. Any or all of these five 
relays, such as relays 908 and 19, may operate 
at the same time depending upon whether or not 
the relays such as relays 528 and 530 of other 
line switch control circuits are operated at this 
same time. The locking and holding circuit 
through the right windings of relays 908 and 
90 and the three similar relays (not shown) 
extends over a chain circuit through the back 
contacts of the first four relays, such as relay 
19 fo, to battery through the winding of relay 
1909. In the event that more than one of the 
relays 908 and 90 operate, only one will lock 
since it opens the holding circuit for the others. 
For example, should both relays 908 and 90 
operate, only relay 90 will lock since the lock 
ing circuit for relay 1908 is open at the right 
inner back contact of relay 90. It will be as 
sumed for this description, however, that only 
relay 1908 operates over the circuit hereinbefore 
set forth. Relay 908, in operating, locks from 
ground on conductor 533, through its right wind 
ing and over its right inner front contact, over 
the right inner back contact of the other four 
similar relays, such as represented by relay 90, 
to battery through the winding of relay 1909 
which operates. Assuming that relay 90 is the 
only unoperated sender group busy relay at this 
time, relay 909, in operating, closes a circuit 
from ground over the inner back contact and ar 
mature of sender selector secondary switch hold 
magnet 809 which is associated with idle sender 
link 80?, over conductor 905, upper outer back 
contact of relay 90, right outer front contact 
of relay 1908, right outer back contact of the 
other four relays such as relay 9 fo, left outer 
front contact of Irelay l909, left outer back con 
tacts of relays such as relay 90, left outer front 
contact of relay 908, conductor 9, an Outer 
front contact of relay 528, to the left winding of 
all of the line switch control circuit group relays 
f 54 to 58, inclusive, and to battery through the 
winding of relay 508 which operates. Relay f S4 
locks from this ground just traced, through its 
left winding and left inner front contact, over 
the right inner front contact of relay 53, to 
battery through resistance 534. Relay 508, in 
operating, opens the operating circuit through 
the right windings of relays fift to 58, inclu 
sive, and closes an obvious circuit for operating 
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relay f. Upon the opening of their operating 
circuits, any of the relays 5 to 58, inclusive, 
which may have been operated, release since the 
locking circuit through their left windings is 
opened due to relays is 9 to 52 being unoper 
ated. Thc operation of relay 508 also opens the 
locking circuit of relay fill which releases. Re 
lay liff, in releasing, releases relay 50 and 
removes the ground from Sender selector start 
conductor 52 and from the four similar start 
conductors (not shown) which extend to the 
other four sender selector circuits. Start relay 
900 remains locked operated in a circuit from 
battery through its winding, over the back con 
tact of relay 92, its own next-to-outer front 
contact, right outer back contact. of relay e, 
right outer front contact of relay f 908, upper 
outer back contact of relay 90?, conductor 905, 
to ground over the back contact of the sender 
selector secondary switch hold magnet f809. The 
start relays, corresponding to relay 1900, of the 
other four sender selector circuits release, how 
ever, since their group relays, corresponding to 
relay 908, remain unoperated due to the fact 
that only relay 52 and no other similar relay 
of the same line switch control circuit, such as 
relay 30, is operated. The release of these 
other four sender selector start relays removes 
the test from the district groups with which they 
are associated and these sender selector circuits 
are therefore restored to normal. With relays 
f535 and 54 operated, a circuit is completed 
from ground over the lower front contact of relay 
535, the right inner front contact of relay 54, 

and Over conductor 56 to the sender selector 
control circuit to inform that circuit which group 
of ten district trunks has been chosen by the 
line link control circuit. The operation of the 
sender selector control circuit upon the placing 
of ground on conductor f 536 will later be set 
forth in detail. 

District group has only one idle trunk 
In the foregoing description it was assumed 

that in the group of ten district trunks with 
which relays 805 and fos are associated there 
was more than one idle district trunk having an 
available path to an idle sender. Both relays 
1805 and 1806 therefore operated, and relay f806 
connected battery to conductor 523 to operate 
relay 54 in the manner hereinbefore set forth. 
Let it now be assumed instead that at the time 
that the district trunk groups accessible over the 
secondary line switches of the line group con 
taining the Calling line are tested for idle trunks 
none of these district groups has more than one 
idle trunk. In this instance, since at least two 
idle district trunks per group are necessary to 
provide a sufficient flow of current for operating 
their associated marginal sender selector group 
circuit relays, neither relay 1803 nor relay 1806, 
nor the corresponding relays of the group circuits 
of the other sender selector control circuits asso 
ciated with the other district frames, operate. 
None of the relays is f4 to f 58, inclusive, there 
fore operate at this time since there is no bat 
tery on conductors 523, 1524, 1526, and 527. 
Although no district group has two idle trunks, 
let it be assumed further, for illustration, that 
one trunk is available in each of the groups with 
which relays 803 to 806, inclusive, are asso 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

6. 

ciated. Relays 804 and 805 therefore operate, 
but relays 803 and 806 do not. Relays 804 and 

05, in operating, place a battery potential on 
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the outer and the next-to-outer front contacts 
of relay 522 over previously traced circuits. In 
addition, relay 509 operates in a circuit from 
battery through its winding, over the upper mid 
dle front contact of relay f 5, over conductor 
537, to a ground supplied jointly, in this in 

stance, over the right inner front contact of re 
lay 804 and the left outer front contact of relay 
805. Should group relays corresponding to re 
lays 804 and 805, of sender selector circuits 
asSociated with other district frames also oper 
ate at this time due to finding one idle trunk in 
their associated district group, they also con 
nect ground to conductor 537, as indicated by 
the extended conductor 830 and multiple strap 
83. Relay f 509, in operating, opens the circuit 

through the winding of relay 50 which re 
leases. Upon the release of relay 5i O, relays 
522 and 525 operate from battery through 

their windings in multiple, over the lower back 
contact of relay f 50, front contact of relay 
509, outer back contact of relay 1508, conductor 
f432, upper front contact of relay 406, upper in 
ner front contact of relay 42, inner front, con 
tact of relay 405, to ground over he inner front 
contact of line relay f 40. Relays 522 and 525, 
in Operating, transfer the right end of the right 
windings of each of the ten relays such as relays 
54 to 58, inclusive, from the conductors ex 

tending to the armatures and front contacts, re 
spectively, of marginal relays 803 to 806 and 
of the corresponding marginal relays of the 
Sender selector circuits associated with the other 
district frames to which the same line group 
Secondary line Switches have access, to the left 
armatures and right front contacts, respectively, 
of relays 804 and 805 and of the corresponding 
relays of the other sender selector control cir 
ciuits. Assuming that line link 409 is idle, sec 
ondary line switch hold magnet 433 therefore 
being unoperated, relay 54 operates in a circuit 
from ground Over the back contact of magnet 
1433, over conductor 55, right middle front con 
tact of relay 53, middle back contact of relay 
508, right winding of relay 54, outer front 

contact of relay 522, conductor 88, right front 
contact of relay 805, to battery through re 
sistance f86. Similarly, any of the other relays, 
such as relays 56 to 58, inclusive, whose asso 
ciated secondary line switch hold magnet is un 
operated indicating an idle line link, and to whose 
right winding a battery potential is connected 
by an operated sender selector group relay such 
as relay 804 or 805, or a relay corresponding 
thereto, also operates. Relay 54, in operating, 
functions in the manner previously described, 
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operating relay 528 which in turn operates re 
lays f 908 and 909. Relay f 508 which operates 
under control of relay 908 opens the circuit 
through the right windings of relays 56 to 518, 
any or all of which, if operated, release. Relay 
508, in operating, also operates relay 535 which 

in turn causes the release of relays 5 f and 509 
in that order, and connects ground to conductor 
536, the function of which will shortly be de 

scribed. Relay 509, in releasing, releases relays 
522 and 525. Relay 509 is of the slow-to 

operate type and relay 50 is of the slow-to 
release type and provide a sufficient delay inter 
val before closing the operating circuit for relays 
522 and 525, to allow the line group relays, . 

such as relays 54 to 58, inclusive, to Operate 
over their regular circuits which extend over the 
back contacts of relays 522 and 525 to the ar 
matures and contacts of the marginal sender se 

21 
lector group relays such as relays 1803 and 808 
which, if operated, indicate more than one idle 
district trunk, before transferring the right wind 
ings of relays 54 to 58, inclusive, to their re 
serve circuits extending over the front contacts 
of relays 522 and 525 to the armatures and 
contacts of relays such as relays 804 and 805, 
which, if operated alone, indicate only one idle 
district trunk. For example, the operating cir 
cuit for relay 509 is closed over conductor 53 
from the left outer front contact of relay 805 
whether relay 1805 operates alone upon finding 
Only one idle district trunk, or whether relays 
805 and 806 both operate due to several district 
trunks being idle. Where both relays f&O5 and 
806 operate, the call is to be placed in that 
group of district trunks and it is therefore not 
desired to operate relays 522 and 525. Relay 
f54, upon operating over its regular circuit over 
the outer back contact of relay 522 and conduc 
tor 523 to battery over the front contact of relay 
806, as hereinbefore set forth in the first illus 

tration covering the instance where group re 
lays 805 and 806 both operated upon finding 
Several of their associated district trunks idle, 
operated relay 528. Relay 528 operated relays 
908 and 909 which in turn returned a ground 

over conductor 9ff thereby locking relay 54 
and operating relay 508, as previously de 
scribed. Relay 508, upon operating, removes 
the ground supplied over conductor 432 and its 
outer back contact, from the armatures of relays 
509 and 5 before the slow-to-operate relay 
509 and the slow-to-release relay 50 can func 

tion to complete the operating circuits for relays 
522 and 525. 
The operation of relays 54 and 535, under 

either of the conditions set forth in the preced 
ing paragraphs, causes the operation of primary 
line switch select magnet 427 in a circuit which 
may be traced from ground through the winding 
of that magnet, over the outer front contact of 
relay 49, conductor 438, right outer front con 
tact of relay 54, upper inner front contact of 
relay 535, conductor 538, to battery over the 
lower outer back contact of relay 4. 
Repeated trials by line-supitch control circuit 
As previously set forth, relays 508 and 54 are 

held operated over conductor 9 by a ground 
supplied over a circuit extending over the upper 
outer back contact of relay 90 f, which is as 
sumed to be the only unoperated Sender group 
busy relay at this time. Since all sender selector 
circuits have access to a Sender groupS SOme 
other sender selector circuit or circuits, function 
ing slightly earlier in connection with some other 
call or calls, may select the only remaining idle 
senders of the group associated with relay 90 
before the sender selector circuit whose Operation 
is being described can function to select an idle 
sender for itself in a manner which will be set 
forth later. Under this condition the sender 
group busy relay 90 operates and opens the 
ground from conductor 9 f thereby releasing re 
lays 508 and 54 of the line switch control cir 
cuit and also opening the holding circuit for the 
sender selector start relay 900 which also re 
leases. The release of relay 54 releases relay 
1528 which, in turn, removes the ground from 
conductor 533 thereby releasing relays f908 and 
1909 and restoring the sender selector circuit to 
its normal condition. The release of relay 508 
again closes the circuits to the right windings of 
relays 54 to f58 inclusive, and also releases 
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22 
relay 535. Relay 508, in releasing, also again 
operates relay 50 over a previously traced cir 
cuit. The operation of relay SO again Operates 
relay 5 which connects ground to the sender 
Selector start conductor 52 as well as to four 
similar start Conductors (not shown) which ex 
tend to four other sender selector circuits. The 
line Switch and Sender selector circuits function 
from this point in a manner identical with that 
described for their original operation, the same 
or one of the other four sender selector circuits 
being selected, depending upon the conditions en 
countered during the testing of the various dis 
trict trunk groups. 
The winding of secondary line switch select 

magnet 439, in multiple with the winding of the 
corresponding Select magnet (not shown) of the 
other Secondary line switch connecting to the 
same two groups of district trunks as indicated 
by multiple strap 44, connects over conductor 
440, the outer front contact of relay 528, and 
over conductor 1539 to the upper outer front con 
tact of relay 832. Similarly, the windings of the 
other nine select magnets (not shown) of the 
Same secondary line switch on which select mag 
net 439 is located also connect, in multiple with 
the corresponding select magnets of the other 
Secondary line Switch, over nine other conductors 
Such as conductor f442, over nine other front 
contacts of relay 528, such as the next-to-outer 
front contact, and over nine other conductors 
such as conductor 540, to nine other upper front 
contacts, such as the inner front contact, of relay 
832. Each of the ten upper armatures of relay 
832, two of which are shown, connect over con 
ductors such as 833 and 834 to the right inner 
front contact of one of ten district selecting re 
lays, four of which, relays 200 to 203, are shown. 
The back contacts of each of the ten sender se 
lector secondary switch hold magnets, such as 
magnet f809, which are associated with the ten 
sender links, such as link 80 f, to which the 
chosen group of district trunks has access, con 
nect to one of ten lower armatures, four of which 
are shown, of relay 832. The lower inner front 
contact of relay 832 connects to the left end 
of the right winding of a sender group relay 93, 
which is aSSociated with that group of Senders 
which connect to the sender selector secondary 
Switch on which hold magnet 809 is located, over 
a circuit extending Over conductor 835, over the 
lower back contact of sender group busy relay 
90 which is also associated with the same group 
Of Senders, Over the Outer back contact of relay 
97, to the right winding of relay 93. The 
other nine lower front contacts of relay 832, 
three of which are shown, connect to the right 
Windings of nine other sender group relays, such 
as relays 94 to 96, inclusive, over similar cir 
cuits but in each case extending over the lower 
back contact of the particular sender group busy 
relay, such as relays 1902 to 904, inclusive, which 
is associated with the group of senders connecting 
to the other sender selector secondary switches. 
When relays 1908 and 1909 operated, as herein 

before set forth, the same ground previously 
traced to conductor 9 also caused relay 832 
to operate in a circuit over the left inner front 
contact of relay 908, over conductor 92, to 
battery through the winding of relay 1832. Re 
lay 832, in operating, connected the windings of 
the secondary line switch select magnets, such as 
magnet 439, to the right inner front contacts of 
relays 200 to 203, inclusive, and connected the 
back contacts of the sender selector secondary 

2,098,117 
switch hold magnets, such as magnet 809, to the 
right windings of sendergroup relays 93 to 96, 
inclusive, over circuits which have just previous 
ly been traced. 
When relay 900 operated initially it closed a 

circuit from battery through resistance 98, over 
its left outer front contact, conductor 99, wind 
ing of relay 600, to ground over the lower back 
contact of relay 60. Relay 600 operated over 
this circuit and closed the circuit from ground 
over its upper front contact, over conductor 602, 
left back contact of relay 204, conductor 205, 
to battery through the winding of relay 920 
which operated. When relay f 909 operated in 
series with the right winding of relay 908, as 
previously described, it caused relay 92 to oper 
ate in a circuit from battery through the winding 
of that relay, over the left front contact of relay 
1920, right front contact of relay 1909, to the 
previously traced ground on conductor 602. In 
addition, the operation of relay 909 also con 
nected direct battery over its left inner front con 
tact to conductor 99 thereby holding relay 600 
operated independently of the control of relay 
900. Relay 92, in operating, locks over its 
inner front contact to ground on conductor 602, 
opens the circuit to the winding of relay f 900 
which releases, and connects ground over its 
middle front contact and Over conductor 922 to 
the Common point of the resistances, such as re 
sistance 80, which are associated with the ten 
district trunks of the chosen group. Relay 900, 
in releasing, opens One side of the operating cir 
cuit for relays 803 to 806 inclusive, as well as for 
the other four corresponding sets of group relays 
associated with this sender Selector circuit, and, 
since none of these relays can now operate, causes 
this sender selector circuit to test busy at this 
time to all line link circuits which have access 
to it. 

Trunks of district group tested 
The sender selector control circuit is provided 

with ten district group relays, four of which, re 
lays 206 to 209 inclusive, are shown. The func 
tion of these district group relays is to connect a 
test conductor from each of the ten district trunks 
with which they are associated to the right wind 
ings of each of the ten district selecting relays 
200 to 203 inclusive. At the time that relays, 
54 and 535 operated, upon the selection of the 

particular group of district trunks in which the 
call is to be placed, a ground was connected to 
conductor 536 as hereinbefore set forth. This 
ground connects Over conductor 536 to the wind 
ing of district group relay 206 which is asso 
ciated with the selected group of district trunks. 
When relay 900 releases, as aforementioned, a 
circuit is completed from battery through resist 
ance 98, over the back contact of relay 900, 
over conductor 20, and through the winding of 
relay 206 to ground on conductor 536, thereby 
causing relay 206 to operate. Relay 206, in 
Operating, closes ten test conductors, one from 
each of the ten district trunks of the group with 
which it is associated, over its ten upper front 
contacts and armatures, two of which are shown, 
to the upper end of the right windings of the dis 
trict selecting relays 200 to 203, inclusive. Any 
or all of relays 200 to 203, inclusive, operate if 
the district trunk with which they are asso 
ciated at this time is idle. For illustration, as 
suming that the district trunk shown in Fig. 17 
is idle, district selecting relay 200 operates over 
a circuit from battery through resistance 708, 
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lower outer back contact of relay fo, lower in 
ner back contact of relay TOS, normally closed 
contacts of jack l705, conductor T04, back con 
tact of sender selector primary switch hold mag 
net 8, conductor 1836, upper outer front con 
tact of relay 206, right winding of relay 200, to 
ground Over the left inner back contact of relay 
204. Relay 206, upon its previous operation, 
operated relay 2 in a local circuit. Relay 200, 
in Operating locks. Over a circuit from battery 
through the winding of relay 204, left winding 
and left front contact of relay 200, inner front 
contact of relay 2ff, conductor 22, to ground 
over the next to inner front contact of relay 528. 
Relay 204 operates in series with the left wind 
ing of relay 200 and removes the operating 
ground from the right windings of relays 200 to 
203, inclusive, thereby releasing any operated 
relays 20 to 203, inclusive, relay 200 remain 
ing locked over the circuit just traced. Relay 
204, in operating, also operates relay 23 in a 
local circuit. Relay 23, in Operating, COm 
pletes a circuit from battery over its front con 
tact, over the right inner back contacts of relays 
203, 202 and 2 fo, right inner front contact of 
relay 200, conductor 1833, upper outer front con 
tact of relay 832, conductor 539, Outer front 
contact of relay 528, conductor f440, to ground 
through the winding of secondary line switch 
Select magnet 439 which operates. 
As previously set forth, the operation of relay 

1832, connects the back contacts of ten sender 
selector Secondary Switch hold magnets, such as 
magnet f809, to one end of the right windings 
of ten sender group relays, such as relays 93 
to 96, inclusive. The other side of the right 
winding of relay 93 is connected over the inn 
ner armature and back contact of relay 923 and 
Over the lower Outer back contact of relay 925 
to the front contact of relay 926. The other 
side of the right windings of the other nine sender 
group relays, such as relays 94 to 96, inclu 
sive, connect over other armatures and back con 
tacts of relays 923 and 924, over the lower 
outer back contacts of nine other relays corre 
sponding to relay 925, to the front contact of 
nine other relays corresponding to relay 926, 
there being two relays, such as 925 and 926 
associated with each group of ten senders. 

Senders tested 
When relay 600 previously operated, it con 

nected ground over its lower front contact and 
over conductor 603 to the winding of relay 926 
and to the windings of the corresponding relays 
of other Sender groups as indicated by multiple 
strap 927. The other side of the winding of 
each relay, such as relay 926, connects, over the 
upper armatures and back contacts of a relay, 
such as relay 925, to one end of the right wind 
ings of ten sender selecting relays, four of which, 
relays 928 to 93, are shown, one of which is 
associated with each sender of the group. Any 
sender which is idle connects battery to the other 
end of the right winding of its associated select 
ing relay, Over conductors, such as 932 and 933. 
The manner in which the sender returns this 
battery to the sender selector circuit will be de 
scribed in detail under the operation of the 
sender. With ground connected to its winding 
over conductor 603, relay 926 will operate if two 
or more relays, such as relays 928 to 93 inclui 
sive, have battery connected to their right wind 
ings by associated idle senders. Should only one 
sender of the group be idle and therefore battery 

23 
connected to the right winding of only one of 
the sender selecting relays of the group, relay 
1926 will not receive sufficient current to operate. 
Similarly, relays corresponding to relay f 26, of 
other sender groups, will also operate if two or 
more senders of the sender group with which 
they are associated are idle. Assuming that two 
senders of the group with which relay 92 is 
associated are idle, relay 926 operates and Con 
nects battery over its front contact and over a 
previously traced circuit to the right winding of 
sender group relay 93. Any other relay corre 
sponding to relay 926 which may operate, sim 
ilarly connects battery to the right winding of 
One of the other Sender group relays, such as 
relays 94 to 96 inclusive. Should none of the 
ten groups of senders have at least two idle send 
ers, none of the group test relays, such as relay 
926, will operate and there will therefore be no 

battery, connected to the right winding of any of 
the sender group relays f$3 to f$6, inclusive. 
Relay 204, previously operating at the comple 
tion of the selection of a particular district trunk 
opened the circuit over its left back contact to the 
winding of relay 920. Relay f 920, which is of 
the slow-to-release type, releases after an inter 
Val, and closes a circuit from ground over the . 
right front contact of relay 204, over conductor 
24, right back contact of relay 920, to battery 
through the windings of relay 923 and 924 in 
parallel, thereby operating both relays 923 and 
1924. Relays 1923 and 924, in operating, trans 
fer the right end of the right windings of the 
sender group relays 93 to 96 inclusive, from 
the contacts of the relays, such as relay 926, to 
the lower inner back contacts of the relays, such 
as relay 925. Unless held busy by some other 
sender selector circuit, as will be brought out 
in Subsequent paragraphs, the relays, such as re 
lay l925, Will be unoperated and therefore con 
nect battery over their lower inner back con 
tacts, and a front contact of relay 923 or 924 
as the case may be, to the right windings of re 
lays 93 to 96, inclusive. The battery sup 
plied over the back contact of relay 925 in this 
latter instance merely indicates that the asso 
ciated group of senders is not being held busy by 
Some other sender selector circuit but does not 
indicate that there are any idle senders in that 
group. Should all senders in that particular 
group be busy at that time, the group busy relay 
90? will be operated, as previously explained, and 
by the opening of its lower back contact, renders 
the Operating circuit through the right winding 
of the sender group relay, such as relay 93, 
ineffective even though battery is connected to 
the other side of that winding. The interval in 
troduced by the slow release characteristic of re 
lay 920 is provided to allow sufficient time for 
any of the sender group relays 93 to f 96 in 
clusive, to operate over their regular paths ex 
tending to the front contacts of relays, such as 
relay 926, before transferring their right wind 
ings to the reserve path extending to the lower 
inner back contacts of relays, such as relay 925, 
by the operation of relays 923 and 924. 
Assuming now that relay 926 operates, signi 

fying at least two idile senders in its associated 
Sender group, relay 93 operates in a circuit 
from ground over the back contact of sender se 
lector secondary switch hold magnet 809 which 
is unoperated since it was previously assumed 
that its associated Sender link 80 f is idle, over 
the lower inner front contact of relay 832, con 
ductor 835, lower back contact of sender group 
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busy relay. 90 which is unoperated since it is 
assumed that there are at least two idle Senders 
in its associated group, over the Outer back con 
tact of relay 97, right winding of relay 93, 
inner back contact of relay 923, which, together 
with relay 924, is still unoperated since relay 
920 has not yet had time to release, and over 
the lower outer back contact of relay 1925, to bat 
tery over the front contact of relay 926. Other 
sender group relays, such as relays 94 to 96 
inclusive, may also operate simultaneously if 
conditions similar to those just described for re 
lay 9.f3 obtain. Relay 93, in operating, oper 
ates relay 934 in a circuit which may be traced 
from battery over the lower Outer front contact 
of relay 206, conductor 25, front contact of 
relay 93, winding of relay 934, normally closed 
right contacts of relays 935 to 1937, inclusive, to 
ground. Relay 934, in operating, locks to ground 
over its right front contact, and closes a locking 
circuit for relay 93 from ground over its left 
inner front contact, left winding of relay 9.f3, to 
battery through the winding of relay 9, which 
also operates. Relay f97, in operating, opens 
the circuit to the right windings of relays 93 
to 96, inclusive, any of which, if operated, re 
lease with the exception of relay f 93 which is 
locked through its left winding. Relay 1925 
operates in a circuit from battery through its 
winding, over the left outer front contact of relay 
934, to ground over the inner front contact of 
relay 97 and, since its operation opens the cir 
cuit to the winding of relay 926 and also re 
moves the battery from the inner front contact 
of relay 923, causes the group of senders with 
which it is associated to test busy to all sender 
selector circuits. 
There are nine additional relays correspond 

ing to relay 934, three of which, relays f 935 to 
937, inclusive, are shown, one each of which is 
associated with each of the ten sender group 
relays such as relays 93 to 96, inclusive. As 
hereinbefore set forth, at the time that relay 9.f3 
Operates, other sender group relays, Such as re 

5 lays 9.f4 to 96, inclusive, may also operate. 
Regardless of the number of sender group relays 
which may operate, only one relay such as relay 
934 can operate at a time since the operation 
of the particular Sender group relay, in closing 
the circuit for its associated relay, such as relay 
f 934, simultaneously opens the operating circuit 
for the other relays such as relays 935 to f$37, 
inclusive. For example, assume that at the time 
that sender group relay 93 operates, relay fel 4 
also operates. Relay 94, in operating, closes a 
circuit from ground through the normallv closed 
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right contacts of relays f 937 and 1936, winding 
of Irelay i 935, front contact of relay l94, con 
ductor 939, to the lower outer front contact of 
district group relay 20, which, however, is un 
operated since relay 206 is operated. With re 
lays 206 and 9 f3 operated, relay f$34 operates 
to battery over conductor 25 as hereinbefore 
set forth. Had relay 93 not operated, relay 
935 instead of relay 934 would then operate to 
the previously traced battery on conductor 25, 
over a circuit extending over the armature and 
back contact of relay f 93, the back contacts of 
relays 96 and 95, respectively, and over the 
front contact of the operated relay 94. In this 
manner a particular group of district trunks al 
ways prefers a particular group of Senders al 
though if, as has just been brought out, the 
preferred sender group is busy or has no idle 
sender as indicated by the failure of its sender 
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group relay, such as relay lê 3, to operate, any 
other available sender group will be used. 
When relay 925 operated upon the operation 

of relays 97 and 934, as previously described, 
it opened the circuit extending from ground on 
conductor 603, through the winding of relay 
926, and over its upper back contact to the right 
windings of sender selecting relays 928 to 93, 
inclusive. With relays 97 and 934 operated, a 
circuit is closed from ground over the upper front 
contact of relay 97, left middle front contact 
of relay 934, to battery through the winding of 
relay 1938 which operates. Relay 1938, in oper 
atting, Connects ground supplied over the two up 
per back contacts of relay 940, Over two of its 
front contacts, to one end of the right windings 
of the sender selecting relays 928 to 93, in 
clusive. Relay 938 also operates sender selector 
primary switch select magnet 837, together with 
the corresponding select magnet of the other 
Sender selector primary switches, as indicated 
by multiple strap 838, in a circuit from ground 
Over its Outer front contact, Over conductor 94, 
to battery through the windings of these mag 
nets. The winding of sender selector secondary 
switch select magnet 839, together with the 
Windings of the corresponding select magnets of 
the other sender selector secondary switches, as 
indicated by multiple strap 840, connect over 
conductor 84 and over the next-to-outer front 
contact of relay 938, to the right outer front 
contact of sender selecting relay 928. Similarly, 
the right outer front contacts of the other sender 
Selecting relays, such as relays 929 to 93, in 
clusive, connect over other front contacts of relay 
938, such as indicated by conductor 942, to the 
Windings of other corresponding select magnets 
of the Sender selector secondary switches. Relay 
938 also closes the circuits over conductors 1943 
to 952, inclusive, the function of which will later 
be described under the operation of the sender. 
When ground is connected to the right wind 

ings of relays 928 to 93, inclusive, as previously 
described, those relays whose associated sender 
is idle, operate, since battery is connected to the 
other end of their right windings over conductors 
932 and 933 as hereinbefore set forth. Assum 
ing that the sender associated with relay 928 is 
idle, relay f 28 operates through its right wind 
ing and locks in a circuit from ground through 
its left winding and over its left front contact, 
a front contact of relay 1938, conductor 1953, 
right outer front contact of the operated district 
selecting relay 200, right outer back contacts of 
relays 20 to 203, inclusive, conductor 26, to 
battery through the winding of relay 940 which 
operates. Relay 940 opens the operating ground 
from the windings of relays 1928 to 1931, inclusive, 
thereby releasing any of these relays which may 
have operated with the exception of relay 928 
which remains locked over the circuit just traced. 
The locking circuit for the Sender selecting re 
lays 928 to 93, inclusive, is extended over a 
chain circuit through the left contacts and arma 
tures of these relays in such a manner as to give 
preference to a particular sender in accordance 
with the particular chosen district trunk. For il 
lustration, assume that relay 93 operated at 
the same time as relay 928. Relay 93, upon 
its operation, closes a circuit from ground over its 
left winding and left front contact, over a front 
contact of relay 938, over the partially shown 
conductor 954, to the right outer front contact 
of district selecting relay 203 as indicated by the 
extension of conductor d954 Which is shown con 
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nected to that contact. Since relay 200 is oper 
ated, as previously set forth, and since only one 
district selecting relay can operate at a time, 
relay 203 is therefore unoperated and the locking 
circuit for relay 93 f is incomplete. Relay 93 
will release as soon as the operation of relay 940 
opens the operating circuit through its right 
winding. Should the sender preferred by a par 
ticular district trunk be unavailable, as indicated 
by the failure of its associated sender selecting 
relay to operate, some other available sender Will 
be selected. For example, with district selecting 
relay 200 operated, assume that sender selecting 
relay 93 operates and that sender selecting re 

5 lay 1928, which is associated with the sender pre 
ferred by the district trunk with which relay 200 
is associated, does not operate. Relay 93, upon 
operating, locks in a circuit from ground through 
its left winding and over its left front contact, 

20 over the left back contact of the unoperated relay 
928, a front contact of relay 938, to battery 
through the winding of relay 940 over a previ 
ously traced circuit extending over the right Outer 
front contact of relay 200. Under this condi 

25 ton, relay 94 would operate in series with the 
left winding of relay 93 and would function in 
the same manner as hereinbefore set forth for its 
??????n in series with the left Winding of relay 32?? 

30 The sender with which relay 928 is associated 
having now been selected by the operation of relay 
928, as set forth in the preceding paragraph, a 

circuit is completed to operate the Sender selector 
secondary switch select magnets associated with 

35 the horizontal row of contacts to which this sender 
is connected. This circuit may be traced from 
ground over the upper inner front contact of re 
lay 940, over the inner front contact of relay 
938, right outer back contacts of relays 93, 

40 936, and 929, right outer front contact of relay 
928, next-to-outer front contact of relay 938, 
conductor 84, to battery through the winding 
of select magnet 839. As indicated by multiple 
strap 840, the select magnets corresponding to 

45 magnet 839, of the other sender selector sec 
ondary switches, also Operate at this time. 
Primary and secondary line switch and primary 

Sender selector Switch. Operated 
50 At the time that relay f600 operated it closed 

a circuit from ground over its upper front con 
tact and over the upper back contact of relay 
6), to battery through the winding of relay 
(694 which operated. When relay 1940 operated 

55 in series with sender selecting relay 928 as an 
indication that sender selection was completed, 
it closed a circuit from ground over its lower 
tront contact, and over conductor 1955, to bat ery through the winding of relay 60 which 

60 operated. Relay 60, in operating, closes a cir 
cuit from ground over its upper front contact, 
upper outer front contact of relay 604, upper 
inner back contact of relay 605, back contact 
of relay 606, conductor 60, a front contact of 

85 relay 528, conductor 540, upper back contacts 
of relays f425 and 624, upper front contact of 
relay 423, outer front contact of relay 46, outer 
front contact of relay 405, outer front contact 
of line relay 40, to battery through the wind 

to ing of primary line switch hold magnet f4 f5 
which operates. Primary line switch select mag 
net 427 having previously operated upon the 
operation of relay 535 at the completion of dis 
trict group selection, the operation of hold mag 

75 net 45 causes the cross-point contacts 407 of 

magnet 

25 
the primary line switch to operate. Primary line 
switch hold magnet 45, in operating, immed 
ately locks over its lower front contact and ar 
mature to its previously traced operating ground. 
This locking circuit extends directly over the 5 
outer armature of relay 405 and is therefore no 
longer under control of the outer front contact 
of relay (40. Cut-off relay 1402 operates from 
battery through its winding to the same ground 
which operated magnet 45, over the inner front 0 
contact of that magnet. Relay i402, in operat 
ing, removes the ground, and the battery through 
the Winding of line relay 40, from line con 
ductors 404 and f403, respectively, thereby caus 
ing line relay i 40 to release. Cross-point con- 15 
tacts 407 having operated, the secondary line 
switch hold magnet (433 which is associated with 
that vertical row of secondary line SWitch con 
tacts to which line link 409 is multipled now 
operates in a circuit from battery through its 20 
winding, over the next-to-bottom conductor of 
line link 409, next-to-bottom operated contact 
of cross-points 407, lower inner front contact 
of magnet 45, to the ground which was previ 
ously traced to the winding of magnet f4 f5. Sec-25 
ondary line switch select magnet 439 having 
been previously operated at the completion of 
district trunk selection by the operation of re 
lays 200 and 23, the operation of secondary 
line switch hold magnet f433 causes cross-point 80 
contacts 40 of the secondary line Switch to 
operate. Cross-point contacts 40 having oper 
ated, the sender selector primary switch hold 
magnet 8 f, which is associated with the ver 
tical row of contacts to which the chosen district 8 
trunk connects, operates in a circuit from bat 
tery through its winding, over conductor 700, 
upper outer back contact of relay 709, lower 
inner back contact of relay 707, back contact of 
relay Ti O in parallel with the upper outer back 40 
contact of relay 7 f, over conductor 436, next 
to-bottom operated contact of cross-points 40, 
to the same ground which was extended from 
the winding of primary line switch hold magnet 
415 to operate the secondary line switch hold 45 magnet (433. 
Sender selector secondary Suitch operated 
Sender selector primary switch select magnet 

837 having been previously operated by the 50 
operation of relay 938 at the completion of . 
sender group selection, the operation of Sender 
selector primary switch hold magnet 8 causes 
cross-point contacts 800 to operate. Cross-point 
contacts 800 having operated, the sender selec- 55 
tor secondary switch hold magnet f809, which 
is associated with the row of Sender Selector Sec 
ondary switch contacts to which sender link 80 
is multipled, now operates in a circuit from bat 
tery through its winding, over one of the con- 60 
ductors of sender link 80, and over an oper 
ated contact of cross-points 800, to the same 
ground which was traced to the winding of mag 
net i 8 . Sender selector secondary Switch select 

839 having been previously operated 65 
upon the operation of relays 928 and 940 at 
the completion of the selection of the particular 
sender, the operation of hold magnet 809 causes 
cross-point contacts 802 of the sender selector 
secondary switch to operate. 70 
With cross-points 40 and 40 of the primary 

and secondary line Switches, respectively, and 
cross-points 800 and 802 of the sender selector 
primary and secondary switches, respectively, 
operated, the calling subscriber's line is now ex- 7 
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tended to the district trunk and to the subscrib 
er's sender Which have been selected to handle 
this particular call. The line conductors 1403 
and 404 of the Calling station 400 extend over 
the two uppermost contacts of primary line 
switch cross-points 407, over the two uppermost 
conductors of line link 409, the two uppermost 
contacts of secondary line switch cross-points 
4f0, conductors 434 and 435, to the upper 
inner and upper next-to-inner front contacts of 
relay 707 of the selected district trunk shown 
in Fig. 17, and also, over the two uppermost con 
tacts of Sender selector primary Switch cross 
points 800, over the two uppermost conductors 
of sender link 80, the two uppermost. Contacts 
of sender selector secondary Switch cross-points 
802, and to the selected subscriber's sender over 

conductors. 822 and 823. Conductors 700 to 
704, inclusive, of the selected district trunk are 

extended over the four lowermost contacts of the 
operated sender selector primary switch cross 
points (800, over the four lowermost conductors 
of sender link 80, over the four lowermost 
contacts of the operated sender selector sec 
ondary Switch cross-points 802 to the selected 
subscriber's sender over conductors 824 to 827, 
inclusive, respectively. The previous operation of 
relay 938 closed conductors 943 to 1952, inclu 
sive, which are common to the group of senders 
containing the selected sender, as indicated by 
the multiple strap associated with each of these 
conductors, to various points in the line switch 
and Sender Selector control circuits. The points 
to which these aforementioned conductors con 
nect, as well as the functions which they control, 
Will ater be described in detail under the oper 
ation of the Sender. 

Trouble COmdfiti OMS 
Upon the operation of sender Selector Second 

ary Switch cross-points 802, the operating 
ground which was traced to the winding of the 
associated hold magnet 809 is extended over one 
of the operated contacts of cross-points 802, and 
over conductor 824, to the Sender circuit which 
functions in a manner later to be set forth and 
returns a ground over conductor 950. This 
ground on conductor 950 extends over a front 
contact of relay 938, over conductor 956, to 
battery through the upper winding of relay 605, 
which operates. Relay 605, in operating, re 
moves the short circuit from the winding of re 
lay 608. Relay 608 operates in a circuit from 
ground over the front contact of relay 60, 
winding of relay 608, back contact of relay f 606, 
conductor 607, and Over a previously traced cir 
cuit to battery through the winding of the pri 
mary line Switch hold magnet 45, which holds 
in series with relay - 608. Relay 608, in operat 
ing, operates relay 609 in a circuit from battery 
over the front contact of relay 608, winding of 
relay 609, to ground over the upper front con 
tact of relay f600. Relay 1609, in operating, 
closes a ground Over its lower Outer front contact, 
over the lower middle front contact of relay 605, 
conductor 6 O, a front contact of relay 1938, to 
the sender circuit over conductor 95. This 
ground on conductor 95 is an indication to the 
sender that the circuit over which the ground is 
supplied to the primary line Switch hold magnet 
is continuous. When relay 60 operated to close 
the ground to the winding of primary switch hold 
magnet f4 f5, it also opened the circuit through 
the winding of relay 604 which is of the slow-to 
release type. Assuming now that the circuit 
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from ground Over the upper front contact of re 
lay 60? to primary line switch hold magnet 4 
is open at some point, magnet 145 fails to oper 
ate and consequently the hold magnet 433 of the 
secondary line Switch and hold magnets 8 and 
f809 of the sender selector primary and second 
ary Switches, respectively, also fail to operate 
since the operating circuit for each of these hold 
magnets is extended only upon the operation of 
the cross-points of the preceding switch. Under 
this condition, since the cross-points of the 
Switches are not closed, no ground is connected 
Over conductor f824 to the sender circuit and the 
sender, therefore, does not return a ground over 
conductor f30 to operate relay 605. Slow-to 
release relay f604 releases after an interval and 
operates relay 606 in a circuit from battery over 
the back eontact of relay f608, winding of relay 
f606, lower outer back contact of relay (609, 
upper Outer back contact of relay 605, outer 
back contact of relay f604, to ground over the 
upper front contact of relay f60?. Relay 1606, in 
Operating, operates relay f6 in a circuit from 
battery through the winding of that relay, lower 
front contact of relay 606, back contact of re 
lay 62, to ground over the upper front contact 
of relay 600. Relay f6, in operating, locks 
Over its inner front contact to ground over the 
lower outer back contact of relay f609, upper 
Outer back contact of relay 605, upper outer back 
contact of relay 604 and upper front contact of 
relay f60?. Relay f6 also operates relay 62 
in a circuit from this locking ground on its inner 
armature, Over its inner front contact, over the 
upper front contact of relay 606, to battery 
through the winding of relay f6 2. Relay 62, 
in Operating, closes a circuit from the ground just 
traced to its winding, over its inner and outer 
front contacts, Outer front contact of relay 6, 
conductor 63, a front contact of relay 528, 
conductor 54, outer front contact of relay 429, 
Outer front contact of relay 430, to battery 
through the winding of the line switch control 
circuit release relay f4 which operates. Re 
lay 4 , in operating, causes the line switch con 
trol circuit to release, in a manner which will 
later be described in detail, since the connection 
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of the calling line to the district trunk and the . 
Sender cannot be established due to the failure 
of the primary line switch hold magnet 45 to 
Operate. The slow-to-release characteristic of 
relay 604 introduces a sufficient delay before its 
closure of the operating circuit for relay 606 to 
allow relays f605, 608 and 609 to operate, in 
the manner hereinbefore set forth, should the op 
eration of the hold magnets of the several afore 
mentioned Switches take place in the usual 
3e. 
Should a false ground be present on the circuit 

extending from the upper front contact of relay 
60 to the winding of the primary line switch 
hold magnet f4 f5, the operation of the line 
Switch and Sender Selector circuit proceeds to the 
completion of the Sender selection in the regular 
manner as hereinbefore set forth. Upon the 
completion of sender selection, relay 1940 oper 
ates and closes a previously traced circuit for 
Operating relay 60 of the line switch control 
circuit. Relay 60, in operating, connects 
ground to one side of the winding of relay (608 
and also connects ground over a previously traced 
circuit to conductor 160T. Relay I60i, in operat 
ing, also opens the circuit through the winding of 
the slow-to-release relay 604. The false ground 
to the winding of primary line switch hold mag 

50 
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80 
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net f4 f5 having caused that magnet to operate 
before the operating circuit for select magnet 
427 was closed, the primary line switch cross 
points 407 cannot operate since it is necessary 
for a select magnet to operate before a hold mag 
net. Cross-points 407 failing to operate, the 
cross-points of the secondary line switch and the 
sender selector primary and secondary switches 
cannot operate since the operating circuit for the 
hold magnet of these switches is under control of 
cross-points of the preceding Switch. Due to the 
failure of sender selector secondary switch cross 
points 802 to operate, no ground is extended 
over conductor 824 to the sender, and the 
sender, therefore, does not return a ground over 
conductor 950 to operate relay 605. When re 
lay 604 releases after an interval, the circuit 
through its winding having previously been 
opened by the operation of relay f60, it closes 
an operating circuit for relay f606. This circuit 
may be traced from ground Over the upper front 
contact of relay 60, Outer back contact of relay 
604, upper outer back contact of relay 605, low 

er outer back contact of relay 1609, Winding of 
relay 1606, to battery over the back contact of 
relay 608. Relay 62 now operates from bat 
tery through its winding, Over the upper front 
contact of relay f606, over conductor 607 to the 
false ground on the circuit extending to the wind 
ing of primary line Switch hold magnet f4 f5. 
Relay 62, in operating, closes a circuit from 
the false ground just traced to its winding, Over 
its inner and outer front contacts, over the back 
contact of relay 6, to battery through the 
winding of alarm relay 64, which operates. 
Relay 64, in operating, lights alarm lamp 65 
and operates trouble register 66 in local cir 
cuits. In addition, relay 64, closes a circuit 
from ground over its next-to-inner front con 
tact, upper outer back contacts of relays 604 
and 605, and lower outer back contact of relay 
609, to the winding of relay 606 thereby locking 

relay 606. Relay f62, therefore, remains oper 
ated and maintains the alarm indication until 
the false ground is cleared. 

After cross-points 407, 40, 800 and 802 
have operated, should the conductor which ex 
tends the operating ground from the primary 
line switch hold magnet 45 to the hold magnet 
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and over an operated contact of the cross-points 
of each succeeding Switch become crossed, due to 
a trouble condition, with the corresponding 
grounded conductor extending over some other 
cross-point contact over which another calling 
connection has been established, the circuit func 
tions as hereinbefore described for a normal call 
up to and including the operating of relay 605 
by the ground which the sender returns over con 
ductor 950. Relay 605, in Operating, removes 
the short-circuit over its upper outer back con 
tact from the winding of relay 608. - Relay 608 
does not operate in series with hold magnet 45 
as on a normal connection, however, as it re 
mains short-circuited by the aforementioned 
crossed trouble ground which extends from the 
sleeve conductor, over the front contact and 
armature of primary line switch hold magnet 
4 5, over a previously traced circuit to conductor 
607, back contact of relay 1606, to one side of 

the winding of relay 608, the other side of that 
winding having ground connected to it over the 
upper front contact of relay 601. Relay 604, 
the circuit through its winding having been 
opened when relay 60 previously operated, re 
leases after an interval and operates relay 62 
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in a circuit from battery through the winding of 
that relay, Over the lower inner back contact of 
relay f609, upper outer front contact of relay. 
605, outer back contact of relay f604, to ground 

over the upper front contact of relay 60?. Relay 
f62, in operating, closes the circuit from the 
ground just traced to its winding, over its inner 
and outer front contacts, back contact of relay 
6ff, to battery through the winding of alarm re 

lay 64 which operates, lighting alarm lamp is S 
and closing the circuit through the winding of 
trouble register 66. 
Upon the closure of cross-points 407, 40, 800 

and 802 and the resultant extension of the tip 
and ring conductors of the calling line to the 
sender circuit over conductors f s22 and 823, as 
hereinbefore set forth, the sender circuit, in a 
manner which will later be described in detail, 
recognizes its connection to the calling line and, 
provided that ground has also been connected to 
the sender over conductor 95, thereby indicat 
ing that the operating circuit to the proper pri 
mary line switch hold magnet was established, 
the sender returns a ground on conductor í 952. 
This ground extends over a front contact of relay 
938, over conductor 1957, lower outer front con 

tact of relay 605, conductor 63, a front contact 
of relay f 528, conductor i 54, outer front con 
tact of relay 429, outer front contact of relay 
f430, to battery through the winding of the line 
switch control circuit release relay 4 which 
operates. Relay 4, in operating, causes the 
line Switch control circuit and, in turn, the 
sender selector control circuit, to release in a 
manner which will later be described in detail, 
Should the sender find the loop to the sub 
scriber's station open due to the failure of any of 
the cross-point contacts in the connection to 
close, or due to the subscriber having replaced his 
receiver on the switch-hook prior to this time, 
the Sender does not return ground to conductor 
952 to cause the normal release of the line 

Switch and sender selector control circuit. The 
sender now functions, in a manner later to be 
described, and returns a battery over conductor 
949. This battery extends over a front contact 

of relay 938, conductor 958, upper inner front 
contact of relay 605, inner back contact of 
relay 604 which released after an interval fol 
lowing the opening of its operating circuit by the 
previous operation of relay 60, and over the 
upper outer front contact of relay 609 to ground 
through the winding of trouble release register 
67. Register 67 operates to record this trouble 
release Condition and closes a circuit from ground 
over its front contact to conductor 63 and over 
the previously traced circuit to battery through 
the winding of the line switch control circuit 
release relay 4 which operates and causes the 
line switch and sender Selector circuit to release. 
When relay f600 operates at the time that 

the sender Selector circuit is initially engaged, 
it closes a circuit from ground over its upper 
front contact to the armature of interrupter 
68. The cam of interrupter 618 rotates con 
tinuously and causes the armature to contact 
the left and right contacts of the interrupter at 
spaced intervals determined by the speed of 
rotation of that cam. Upon the first closure of its 
left front contact, the ground just traced to the 
armature of interrupter 68 is closed over that 
left contact to battery through the winding of 
relay 69. Relay 69, in operating, locks over 
its left front contact directly to ground Over the 
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upper front contact of relay 600, and closes a 
circuit from battery through the winding of relay. 
f 64, over its right front contact, to the right 
contact of interrupter 68. When, after an inter 
val, the cam of interrupter 68 disengages from 
the armature and the armature contacts the 
right contact, relay 64 operates to the ground 
over the upper front contact of relay 600. Re 
lay 64, in operating, closes circuits to light 
alarm lamp 65 and operate trouble register 
66. The speed of rotation of the cam of inter 

rupter 68 is such that the measured interval 
between the operation of relay 600 and the 
Operation of relay 64 is of sufficient duration 
to allow the Sender selector circuit to perform its 
functions in establishing a normal connection 
before the alarm is brought in. It is Only when 
a call is blocked and the Sender selector circuit 
fails to operate relay 60 f, that the slow-to 
release relay 600 remains operated for a suf 
ficient length of time for relay 64 to operate, 
under the control of interrupter 68, and bring 
in the alarm. Relay f64, when operated, also 
closes a circuit from the Operating ground traced 
to its winding, over its right inner front contact, 
over conductor 620, to battery through the wind 
ing of relay 92 thereby holding relay 92 
operated as long as the call is blocked. Relay 
92 f, remaining operated, holds the sender Se 
lector busy since it holds open the operating 
circuit for the sender selector start relay 900. 
The line switch control circuit is provided with 

an overflow register 543 which registers the 
number of half second intervals which elapse 
between the time that the line switch control 
circuit starts to function and the time that the 
selection of the district trunk group is completed. 
When line switch control circuit start relay 5 
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Operates upon the initiation of a call, as herein 
before set forth, it closes a circuit from battery 
through the winding of overflow register 543, 
Over its upper outer front contact and conductor 
544 to the right front contact of relay f 445. At 

that time a circuit is also closed from ground 
over the inner front contact of line relay 40, 
inner front contact of relay 405, upper inner 
front contact of relay f42, upper front contact 
of relay 406, conductor 432, outer back contact 
of relay 508, lower armature and front contact 
of relay 5, conductor 545 to the left armatures 
of relays 445 and í 446 and to the armature of 
interrupter 447. The cam of interrupter 447 
rotates at a speed of approximately once per half 
Second, closing and opening both its left and 
right contacts during that interval. With 
ground on the armature of interrupter 447, as 
just described, the first closure of the left con 
tact of the interrupter causes relay 446 to oper 
ate. Relay 446, in operating, locks over its left 
front contact to ground on conductor 545, and 
closes the circuit from battery through the wind 
ing of relay 445, and over its right front con 
tact, to the right contact of the interrupter. 
When the interrupter 447 functions and trans 
fers its armature from its left to its right contact, 
relay 445 operates and locks over its left front 
contact to ground on conductor 545. With re 
lay 445 operated, the next closure of the left 
contact of the interrupter completes the operat 
ing circuit through the winding of overflow reg 
ister 543 which operates. Subsequent openings 
and closures of the left contact of interrupter 
447 release and reoperate register 543 as long 
as relays 445 and 446 remain locked to the 
ground on conductor 545. As previously set 
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forth, the ground on conductor is is supplied 
under control of a back contact of relay 8 
which operates upon the completion of district 
group selection. Register 543, therefore, does 
not operate if district group selection is com 
pleted before interrupter 44 has caused relays 
445 and 446 to operate and close the circuit 

from the left contact of the interrupter to the 
winding of register 543. Register 543 records 
only the fact that some calls in the entire line 
switch group with which the line switch control 
circuit is associated require more than the meas 
ured time before being connected to a group of 
district trunks. If specific information is desired 
as to which horizontal group of line switches of 
the line switch group are originating traffic suff 
cient to cause register 543 to operate, this infor 
nation may be obtained by connecting a register 
similar to register 543, to the conductor con 
necting to the left front contact of the relays 
such as relays 53, 59, 520 and 52. Each 
of these aforementioned relays is associated with 
each particular horizontal group relay and oper 
ates under control of that relay. For example, 
relay 53 is associated with and operates under 
control of horizontal group relay 500, and a reg 
ister connected to the left front contact of relay 
53 would therefore operate in multiple with 

register S43 and would record only those opera 
tions which are caused by a call originating in the 
horizontal line Switch group with which relay 
500 is associated. 
When relay 406 of the line switch control cir 

cuit Operates upon the initiation of a call as here 
in before set forth, it closes a circuit from ground 
Over its lower front contact to the armature of 
'interrupter 448 and to the left armatures of 
relays 449 and 450. Upon the first closure of 
the left contact of interrupter 448, relay 449 
Operates in a circuit over the right back contact 
of relay 450. Relay 449, in operating, locks 
Over its left front contact and closes a circuit 
from battery through the winding of relay f450, 
Over its right front contact, to the right contact 
of interrupter 448. When interrupter 448 now 
functions and closes its right contact, relay 450 
Operates and locks over its left front contact. 
Relay 50, in operating, lights alarm lamp 45 
in a local circuit and closes a circuit from the 
previously traced ground to the left armature of 
relay 449, over the left front contact of that 
relay, right inner front contact of relay 450, 
closed contact of key f452, to battery through the 
winding of the line switch control circuit release 
relay 4 which operates and causes the line 
switch control circuit and, in turn, the sender 
selector to release in a manner which will later 
be described in detail. During the release of the 
line Switch control circuit, relay 406 releases 
thereby releasing relays 449 and 450 and ex 
tinguishing the alarm lamp 45. 
rotation of the cam of interrupter 447 is such 
that approximately six seconds are required from 
the time that relay 406 operates and grounds 
the armature of the interrupter until relay 450 
Operates and lights the alarm lamp and closes the 
operating circuit for release relay 4 f. On a 
normal connection the line switch control circuit 
releases in the regular manner in less than this 
siX-Second interval and it is therefore only a con 
nection on which a call is blocked that the alarm 
lamp 45 is lighted and that the line switch 
control circuit is released by the operation of 
relay 450. If, due to recurrent alarm indica 
tions, it is desired to check the condition which is 
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causing the alarm, key 452 is operated. Upon 
the following blocked call condition, interrupter 
f44 and relays 449 and 450 function as before 
and cause alarm lamp 45 to light. Since key 
452 is operated, however, the operation of relay 
450 does not operate release relay 4 and the 

line switch control circuit does not release. The 
trouble condition is therefore held until Such time 
as key f452 is restored to normal thereby per 
mitting relay 4 to operate. 

Class of Service indications 
The subscribers’ lines are so located in the va 

rious horizontal groups of line switches that all 
the lines appearing in any horizontal group re 
quire the same class of service. The right next 
to-Outer front contact of the horizontal group re 
lays, such as relay 500, connect to one of ten 
terminals, such as terminal 546. Each of these 
ten terminals is in turn connected to One of four . 
class of service terminals, such as terminal 547, 
depending upon the class of Service required by 
the line located in the horizontal group with 
which that particular horizontal group relay is 
associated. Class of service terminal 54 extends 
over a front contact of relay 528, conductor 
55, and a front contact of relay 938, to the 

Sender Over conductor 945. Similarly, the other 
three class of service terminals 548, 549, and 
550 extend over other front contacts of relay 
528, over three conductors 552, 553, and 554, 

respectively, and over three other front contacts 
of relay 938, to the sender over conductors 946, 
947 and 1948, respectively. The operation of any 
horizontal group relay, such as relay I 500, con 
nects ground over its right next-to-outer front 
contact, over one of the ten terminals Such as 
terminal 546, over one of the four class of serv 
ice terminals, to the Sender, over one of the cir 
cuits just traced, to notify the sender which class 
of service the calling line requires. The ground 
on the right next-to-outer armature of relay 
500 connects to the corresponding armatures of 

the other horizontal group relays, Such as relays 
50 to 503, inclusive, over a chain circuit which 
extends over the corresponding right armatures 
and back contacts of each of the intermediate 
horizontal group relays. In this manner, only 
one class of service terminal can be grounded at 
any one time. For example, relay 500 in oper 
ating connects ground to terminal 546 which, in 
turn, is connected to one of the class of Service 
terminals 547 to 550, inclusive. Relay f so, in 
operating, also removes the ground from the 
chain circuit extending over the right next-to 
outer back contacts and armatures of relays 50 
to 503, inclusive. The operation of any relay 
such as relays 50 to 503, inclusive, at this time, 
due to some other call being originated in an 
other horizontal line switch group, cannot there 
fore ground some other class of Service terminal. 
On the other hand, should horizontal group relay 
d502 operate first in response to an originating 
call, the class of service terminals associated with 
relays 500 and 50 cannot be grounded at this 
time although the right next-to-Outer armatures 
of these latter relays are grounded, since the op 
erating circuit for relays 500 and 50 f is opened 
by the operation of relay 502. 
Each subscriber sender, such as the Sender 

shown in Figs. 22 to 26, inclusive, is provided with 
a sender busy relay which, when unoperated and 
thereby indicating that the sender is idle, con 
nects battery to its associated Sender Selecting 
relay of the sender selector circuit. In the fore 
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going description, it was assumed that the sender 
shown in Figs. 22 to 26, inclusive, was idle at the 
time that the sender selector circuit was selecting 
an idle sender. Battery was therefore connected 
Over the lower back contact of Sender busy relay 
2200 and over conductor 932 to the right wind 
ing of the sender selecting relay 928 which is 
associated with this particular sender circuit and 
caused that relay to operate in the manner here 
inbefore set forth. Relays 220 to 2203, inclusive, 
represent the sender busy relays of the other 
Senders of the same group of ten which include 
the sender of which relay 2200 is a part. When 
ever all senders of the group are busy, all of the 
sender busy relays 2200 to 2203, inclusive, are 
operated and a circuit is closed from ground Over 
the lower front contacts of relays 2203, 22.02, 220 
and 2200, conductor 906, to battery through the 
winding of the associated sender group busy re 
lay, such as relay 190, of the sender selector cir 
cuit which, under this condition, functions in the 
manner previously described. 
At the time that the sender is selected, as set 

forth in the preceding description, the operation 
of relays f928, 1938 and 1940 of the sender selector 
circuit close a circuit from ground Over the upper 
outer front contact of relay 1940, next-to-inner 
front contact of Irelay l938, right inner back con 
tact of relays 1931, 1930, and 1929, right inner 
front contact of relay 928, conductor f 959, to 
battery through the winding of relay 2204 and 
also, over the back contact of relay 2206, to bat 
tery through the winding of relay 2205, thereby 
operating both relays 2204 and 2205. Relays 2204 
and 2205, in operating, extend conductors f943, 
944, and 948 to 952, inclusive, from the sender 

selector circuit to various points in the Sender. 
Relay 2204 also operates the Sender busy relay 
2200 in a circuit from battery through the wind 
ing of that relay over the lower outer front con 
tact of relay 2204, to ground over conductor 95 
from the sender selector circuit. Relay 2200, in 
operating, connects ground over its upper middle 
front contact to conductor 822 which extends to 
the tip of the calling subscriber's line Over a pre 
viously traced circuit; connects the ring of the 
calling line, which was previously extended to 
conductor 1823, over its upper inner front con 
tact to battery through the lower winding of the 
sender line relay 2207 which operates over the 
closed line loop; closes an off-normal ground over 
its upper outer front contact to conductor 2208; 
removes the battery from conductor 932 thereby 
causing this sender to test busy to all sender selec 
tor circuits; and, in addition, closes in part, Over 
its lower front contact, the Sender group busy 
chain circuit which connects to conductor 906. 
Relay 220, in operating, closes a circuit from 

ground over the upper back contact of relay 2209, 
front contact of relay 220, conductor 220, to 
battery through the winding of relay 2300 which 
operates. This ground on conductor 220 also 
extends over the outer back contact of relay 230 
and over conductor 2302 to battery through the 
winding of relay 22 which operates. Relay 22, 
operates relay 222 in local circuit. Relay 222, 
in operating, closes a circuit from ground over its 
middle front contact, conductor 223, front con 
tact of relay 2300, to battery through the winding 
of relay 230 which operates. Relay 222 also 
closes a locking circuit for relay 2200 over its 
outer front contact to the off-normal ground on 
conductor 2208. Relay 230, in operating, trans 
fers the holding circuit for relay 22 from ground 
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on conductor 220, to ground over its own front. 
contact. 
Upon the operation of relay 222 a circuit is 

closed from battery through the winding of re 
lay 2206, inner front contact of relay 222, low 
er next-to-outer front contact of relay 2204, and 
over conductor 195 to the associated sender se 
lector circuit, When the cross-point contacts 
of the line and sender selector switches operated, 
as previously described, the operating ground 
for the hold magnet of these switches was ex 
tended to the Sender over conductor 824 indicat 
ing that all of the cross-point contacts had op 
erated. Upon the operation of relay 2204, this 
ground on conductor 824 is connected over the 
lower next-to-inner front contact of that re 
lay to conductor 950. As hereinbefore set forth 
in the description of the Operation of the Sender 
Selector circuit, this ground over conductor 950 
from the sender causes relay 605 of the Sender 
Selector control circuit to operate which, in 
turn, removes the short circuit from the wind 
ing of relay 1608 and allows that relay to op 
erate provided that the circuit for Supplying the 
Operating ground through the primary line 
switch hold magnet is properly closed. Relay 
f608 operates relay 609 which in turn, grounds 
conductor 95 over a previously traced circuit. 
Relay 2206 operates to this ground on conductor 
95 f and closes a circuit from ground over its 
upper middle front contact, through resistance 
224, to conductor 824 to hold the hold mag 
nets of the line and sender selector switches op 
erated upon the Subsequent release of the line 
and Sender selector control circuits. Since relay 
2206 cannot operate unless the cross-points of 
the line and sender selector switches are closed 
and ground is supplied over the proper circuits 
to the primary line switch hold magnet in the 
manner just described, and since the operating 
circuit for relay 2206 also extends over a front 
contact of relay 222 which is only operated if 
relays 2207 and 22 ? are operated indicating a 
closed subscriber's line loop, relay 2206, by its 
Operation, simultaneously checks all three of 
these aforementioned conditions. The functions 
performed by the operation of relay 2206 will be 
described later. 
As hereinbefore set forth, the sender selector 

circuit connects four class of service conductors, 
conductors 945 to 948, inclusive, to the sender. 
Only one of these conductors, conductor 948, is 
shown extended in the Sender. One of these 
conductors is grounded under control of a hori 
ZOntal group relay of the line SWitch contro cir 
cuit in the manner previously described. As 
suming that conductor 948 is grounded, the op 
eration of relay 2204 of the sender extends this 
ground over its inner front contact, to battery 
through the winding of class of service relay 225 
which operates. Since there are four class of 
service conductors extending from the sender 
Selector circuit there are also four class of serv 
ice relays, such as relay 225. For simplicity, 
however only one of these class of service relays 
has been shown. Relay 225, in operating, locks 
over its inner front contact to the off-normal 
ground on conductor 2208, connects ground to 
conductor 226 and connects conductor 227 to 
conductors 228, 229, and 2229 over its outer 
most front contacts. Conductors 226 to 229, 
inclusive, and 2229 extend to the decoder marker 
circuit and their functions will be detailed in 
the description of the operation of the decoder 
marker. 
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District frame indication. 

At the same time that the required class of 
service is recorded in the sender as just de 
scribed, the number of the district frame on 
which the district trunk selected for this partic 
ular call is located is also recorded in the Sender 
by means of relay 2220 or relay 222 and a 
set of cross-point contacts of the cross-bar reg 
ister switch shown in Fig. 26. This district frame 
information is transmitted from the sender se 
lector circuit by means of one of its ten sender 
connector relays, such as relay 938. Relay 1938 
is associated with a particular sender link, such 
as link 80, and since a particular sender link 
is accessible to only two primary sender selector 
Switches whose vertical rows of contacts are con 
nected to district trunks located on the same dis 
trict frame, the sender connector relay, such as 
relay 938, is therefore always identified with 
the same district frame. Assuming now that the 
district trunks connected to the primary sender 
selector switches having access to sender link 
80 are located on the fourth district frame 

of a maximum of twenty district frames, the pre 
vious operation of relay 938, which is associated 
with the selected sender link 80, closes a cir 
cuit from ground over a front contact to con 
ductor 944. This ground extends over the in 
ner front contact of relay 2205 and Over conduc 
tor 2222, continuation of conductor 2222 on Fig. 
26, to battery through the winding of one of the 
ten select magnets 2600 to 2609, inclusive, of the 
cross-bar register switch shown in Fig. 26. The 
ten select magnets represent the ten digits 0 to 9, 
inclusive, and, since the selected district trunk 
is assumed to be located on the fourth district 
frame, select magnet 2604, representing the digit 
4, is operated by the ground on conductor 2222. 
Select magnet 2604, in operating, closes a circuit 
from its operating ground, over its front contact 
and over conductor 260, to battery through the 
winding of relay 2303 which Operates. Relay 
2303, in operating, closes a circuit from ground 
over its lower front contact, conductor 2304, back 
contact of relay 262, to battery through the 
winding of hold magnet 26 which Operates and, 
since select magnet 2604 was previously operat 
ed, causes cross-point contacts 263 to close. 
The operation of Cross-point contacts 263 con 
nects ground to conductor 264 and connects 
conductor 265 to conductors 266 to 268 in 
clusive. Conductors 264 to 268, inclusive, ex 
tend to the decoder marker and transmit, in 
part the district frame number in a manner 
which will be described later. Since there may be 
as many as twenty district frames, and since 
the cross-bar register of Fig. 26 is arranged to 
register only one of ten digits, it is necessary to 
transmit additional information to the decoder 
marker. For this purpose, the sender is pro 
vided with two frame relays, relays 2220 and 222. 
The winding of relay 2220 connects over the 
upper front contact of relay 2204 and over con 
ductor l943 to a front contact of all sender con 
nector relays, such as relay 938, which are as 
sociated with sender links accessible to district 
trunks on the first ten district frames, that is, 
district frames No. 0 to No. 9. The winding of 
relay 222 connects over the outer front contact 
of relay 2205, to conductor 2223. Conductor 2223 
is connected over conductor similar to conductor 
1943 of Fig. 19 to a front contact of all sender 
Connector relays, such as relay 938, which are 
associated with sender links accessible to dis 
trict trunks on the second ten district frames, 
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2,098,117 
that is, district frames No. 10 to No. 19. Relay 
1938, upon its previous operation therefore 
grounded conductor 943 of Fig. 22, since the 
selected district trunk is located on the fourth 
district frame, and relay 2220 operates Over the 
previously traced circuit to battery through its 
winding. Relay 2220 in operating, locks Over its 
upper front contact to the Off-normal ground 
on conductor 2208, and closes the circuit Over 
its lower front contacts from conductor 2224 to 
conductor 2225. Conductors 2224 and 2225 ex 
tend to the decoder marker and transmit infor 
mation to that circuit that the district frame 
is one of the first ten frames. This informa 
tion, together with the information transmitted 
over the operated cross-points 263 of the cross 
bar register, informs the decoder marker that 
the fourth district frame contains the selected 
district trunk. In the event that the district 
trunk had been located on the fourteenth dis 
trict frame for example, cross-point contacts 
26 f3 of the cross-bar register operate in the same 
manner as hereinbefore set forth, but the Sender 
connector relay corresponding to relay 938 would, 
in this case, connect ground to conductor 2223 
of Fig. 22 and operate relay 222 instead of re 
lay 2220. Relay 222, in operating, would lock 
over its lower front contact to the ground On 
conductor 2208, and would connect ground Over 
its upper front contact to conductor 2225 to noti 
fy the decoder marker that the district frame 
used was one of the second ten frames. The 
foregoing operations involving the recording of 
the class of service required by the calling line 
and the recording of the number of the district 
frame on which the chosen district trunk is loa 
cated take place prior to the aforementioned op 
eration of relay 2206. 
Line suitch and sender selector control circuits 

released 

Relay 2206, in operating over the circuit here 
inbefore described, locks over its lower inner 
front contact to the off-norma ground On con 
ductor 2208, opens the circuit through the wind 
ing of relay 2205 which releases, and connects 
ground over its upper middle front contact and 
through resistance 224 to conductor 824 to 
hold the line and sender selector Switches upon 
the subsequent release of the line and sender Se 
lector control circuit which now takes place in 
the following manner under control of the ground 
connected to conductor 952 over the lower outer 
front contact of relay 2206. This ground on 
conductor 952 extends over a front contact of 
relay 1938, conductor 1957, lowerouter front con 
tact of relay 1605, conductor 63 a front con 
tact of relay 528, conductor 54, outer front 
contacts of relays 429 and 630, to battery 
through the winding of the line switch control 
circuit release relay 4f which operates. 
lay is , in operating, locks in a circuit from 
ground over its front contact, conductor A43, 
upper outer front contact of relay 535, con 
ductor 542, to battery through its winding, and 
opens the holding circuit for relays 405, 406, 
and 500 in series, 53, and 42 and 429 in 
series, causing all of these relays to release. Op 
eration of relay 4 also releases the primary 
line switch select magnet 427. Relay 42, in 
releasing, releases relays 46 and 49. The re 
lease of relay i29 releases relays 423 and 430. 
Relay 53 in releasing, releases relay 54 
which removes ground from conductor 536. The 
release of relay 500 releases relay 528 which 

Re 

31. 
in turn releases relay 508, secondary line switch 
select magnet 429, and removes the ground from 
conductors 533 and 22. The release of relay 
508 releases relay 535 which opens the locking 

circuit for relay 4. Relay 4 thereupon re 
leases and restores the line switch control cir 
cuit to normal. The removal of ground from 
conductor 533 by the release of the line switch 
control circuit releases relays 832, 1908 and 
909 of the sender selector control circuit. The 
removal of ground from conductor f336 releases 
relay 206 which in turn releases relays 934 
and 2. The release of relay 934 releases re 
lays 93, 97 and 1938. Relays 200 and 204 
release upon the removal of ground from con 
ductor 22 by the line switch control circuit. 
Relay 200, in releasing, releases relays 928 and 
940. The release of relay 204 releases relay 
23. Relay 938, in releasing, releases sender 
Selector primary switch select magnet 837 and 
Opens conductors 944 to 1952, inclusive. The 
release of relay 928 opens the Operating circuit 
for sender selector secondary switch select mag 
net 839 which releases. The release of relay 
940 releases relay f60? which in turn releases 

relay 608. The opening of conductor 950 by 
the release of relay 938 releases relay f605. 
Relay 92 releases upon the release of relay 204 
and again closes the Operating circuit for the 
sender selector control circuit start relay f 900 
thereby restoring the sender selector control cir 
cuit to its normal condition. With the line 
switch and sender selector control circuits nor 
mal the hold magnets of the primary and sec 
Ondary line and Sender Selector Switches are 
held operated over the sleeve conductor which 
extends over the operated cross-point contacts 
of those switches and over conductor 824 to 
ground supplied through resistance 224 by relay 
2206 of the sender. 
When relay 2205 releases following the opera 

tion of relay 2206, as previously described, it 
opens the circuit through the winding of select 
magnet 2604 of the cross-bar register switch and 
that magnet releases, in turn releasing relay 2303. 
Relay 2303, in releasing, removes the ground over 
conductor 2304 from the winding of hold magnet 
26 and that hold magnet now holds operated in 
Series with relay 262, which operates, to the 
off-normal ground on conductor 2208. Relay 
262, in operating, connects conductor 2304 over 
its right front contact over the back contact of 
relay 269, to the winding of relay 26 f$ and to 
the windings of hold magnets 2620 and 262 
preparatory to the registration of the number 
to be dialed by the calling subscriber. Relay 
22, upon its previous operation, closed a circuit 
from ground over its upper inner front contact 
to condenser 2226. The other side of condenser 
2226 connects, through the upper winding of the 
sender line relay 2207, over conductor 2307, and 
Over the back contact of relay 2306 to a source 
of tone over conductor 2305. This tone is in 
duced in the lower winding of relay 2207 and is 
thereby transmitted to the calling station as an 
indication that the dialing of the desired station 
number may proceed. The dialed number is re 
corded on the cross-bar register switch of Fig. 26 
in the manner to be described in subsequent 
paragraphs. Only so much of the subscriber's 
sender is shown as is necessary to an understand 
ing of the present invention. In general senders 
of this type are well known in the art, and for a 
more detailed disclosure of them reference is 
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32 
made to the application of R. Raymond, Serial 
No. 27,340, filed July 19, 1935. 

The subscriber dials wanted number 
The Sender line relay 2207, which is held op 

erated over the calling subscriber's station loop, 
follows the pulses produced by the station dial 
during the dialing of the called station number, 
and momentarily releases once for each open 
period of each train of dial pulses. Relays 2300 
and 230 operate and release under control of 
relay 2207 and provide additional contacts. Re 
lay 2300 is fast in operating to quickly open the 
operating circuit for relay 2308 when relay 220T 
remains operated at the end of a train of dial 
pulses. Relay 230 is fast in releasing to provide 
a nearly continuous operating circuit for relay 
22ff and also to provide a locking circuit for re 
lays 230 and 232 as soon as possible after the 
momentary release of relay 2207 upon the first 
open dial pulse. Relay 22 f is slow in releasing 
and, therefore, together with relay 222, holds 
operated during the momentary releases of re 
lays 220, 2300, and 230 during dialing. Relay 
2308 is slow in releasing and remains operated 
during the momentary opening of its operating 
circuit by relay 2300 during a train of dial pulses. 
Between successive trains of dial pulses, relays 
2207 and 2300 remain operated for a sufficient 
interval to allow relay 2308 to release. Relays 
230, 23, and 232 transmit the dial pulses rep 
resented by back contact closures of relay 2207, 
to a chain of pulse-counting relays 233 to 238, 
inclusive. Upon the first release of relay 2207 
during the first open pulse of any train of dial 
pulses, a circuit is closed from ground Over the 
upper back contact of relay 2209, back contact 
of relay 2207, lower front contact of relay 22, 
conductor 222, lower back contact of relay 232, 
to battery through the winding of relay 230 
which operates. Relay 2308 previously operated 
in a circuit from battery through its winding, 
back contact of relay 2300, conductor 223, to 
ground over the middle front contact of relay 
222 and, being slow in releasing, remains Oper 
ated during each train of dial pulses. When re 
lay 2207 now reoperates upon the closure of the 
line loop following the first open dial pulse, relay 
232 operates in a circuit from battery through 
the winding of relay 230, upper winding of relay 
232, back contact of relay 23, front contacts 
of relays 23 O and 2308, respectively, to ground 
on conductor 223. When relay 2207 releases on 
the open period of the second dial pulse, relay 
23 operates in a circuit from battery through 
its Winding, lower Winding and lower front con 
tact of relay 23f2, conductor 2227, lower front 
contact of relay 22, back contact of relay 2207, 
to ground over the upper back contact of relay 
2209. The operation of relay 23 f opens the cir 
cuit through the winding of relay 230 and the 
upper winding of relay 232. Relay 230 releases, 
but relay 232 remains operated through its lower 
winding. When relay 2207 reoperates upon the 
line loop closure following the Second dial pulse 
open period, it removes the ground from con 
ductor 2227 and relays 23 l and 23 i 2 both re 
lease. The foregoing cycle of operations of relays 
230, 23 and 232 is repeated for each two 
pulses of the pulse train of any digit dialed. If 
the number of pulses is even, the last pulse leaves 
relays 230, 23 f, and 23 i 2 released. If the num 
ber of pulses is odd, relay 23 is released, but 
relays 230 and 232 remain operated until the 
subsequent operation of relay 230 and the re 

2,098,117 
lease of relay 2308 opens their holding circuits. 
The important point for subsequent reference is 
that each odd pulse of any dialed digit operates 
relay 232 and each even pulse causes that relay 
to release. 
The pulses of each dialed digit are counted by 

relays 233 to 238, inclusive, which are operated 
in rotation by alternate closures of the upper 
front and back contacts of relay 232, and each 
of which locks until released by the operation of 
another, or by the operation of relay 2303 at the 
end of the train of pulses of any particular digit, 
as will be described later. When relay 232 is 
operated during the first pulse of any digit, as 
hereinbefore described, relay 233 operates from 
battery through its upper winding, upper outer 
back contacts of relays 237, 235, 234, and 236 
in that order respectively, upper front contact 
of relay 232, front contact of relay 2308, to the 
previously traced ground on conductor 22 3. Re 
lay 233, in operating, locks in a circuit from bat 
tery through its lower winding, over its lower 
inner front contact, lower back contact of relay 
2309, upper inner back contacts of relays 23f4 
to 237, inclusive, upper inner back contact of 
relay 2309, to ground on conductor 223. When 
relay 232 releases following the second dial pulse, 
the previously traced ground on its upper arma 
ture is extended over its upper back contact, up 
per Outer back contact of relay 2309, upper inner 
front contact of relay 233 to battery through the 
winding of relay 23f4 which operates. Relay 
234, in operating, locks over its upper inner front 
contact over the same path previously traced for 
locking relay 233, and opens the locking circuit 
for relay 233 which releases. The operation of 
relay 232 in response to the third dial pulse, ex 
tends ground previously traced to its armature, 
Over its upper front contact, upper outer back 
contact of relay 23 f6, upper outer front contact 
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of relay 234, to battery through the winding of . 
relay 235 which operates. Relay 235 locks in 
the same manner as relay 234 did, and opens 
the locking circuit for relay 234 which releases. 
The release of relay 232 upon the fourth dial 
pulse connects ground Over its upper back con 
tact, upper outer back contact of relay 2309, 
upper inner front contact of relay 235, to bat 
tery through the winding of relay 236. Relay 
236 operates, locks over the previously traced 
locking circuit, and opens the locking circuit for 
relay 235 which releases. The operation of relay 
232 on the fifth dial pulse connects ground 
Over its upper front contact and Over the upper 
outer front contact of relay 23 f6 to battery 
through the winding of relay 237 which oper 
ates. Relay 237 locks in a circuit over the up 
per outer back contact of relay 233 and over its 
upper outer front contact to the same ground 
to which the preceding relay is locked. Relay 
23, in operating, also opens the locking circuit 
for relay 236 which releases. The release of re 
lay 232 in response to the sixth dial pulse con 
nects ground over its upper back contact, upper 
outer contact of relay 2309, upper inner front 
contact of relay 237, to battery through the 
upper winding of relay 238. Relay 238 operates 
and locks through its lower winding and its upper 
inner front contact to the previously traced lock 
ing ground. Relay 238 does not unlock relay 
237 and remains operated for the remaining 
pulses of the digit. On the seventh dial impulse, 
the operation of relay 232 again operates relay 
233 as it did on the first pulse, but this time 
Over a circuit traced from its upper front con 

5 5 

60 

75 



0. 

2 5 

30 

60 

Seven, two, two, three, one, six and eight. 

2,098,117 
tact, over the upper outer back contact of re 
lays 23 f6, 234, and 235, and over the upper. 
outer front contact of relay 238, to battery 
through the upper winding of relay 233. Relay 
233 again locks through its lower winding as 
it did before and opens the locking circuit for 
relay 237 which releases. The release of relay 
23f2 in response to the eighth dial pulse again 
operates relay 23f4 which, as in the case of the 
second dial pulse, locks and opens the locking 
circuit for relay 233 which releases. The ninth 
dial pulse operates relay 232 which in turn op 
erates relay 235. Relay 235 locks, as previously, 
and opens the locking circuit for relay 234 which 
releases. The release of relay 232, in response 
to the tenth dial pulse, again causes relay .236 
to operate, lock, and release relay 235, as it did 
for the fourth dial pulse. Each train of dial 
pulses transmitted from the subscriber's station 
may consist of from one to ten pulses depending 
upon the numerical value of the particular digit 
dialed. At the conclusion of the dial impulse 
train of any digit, the operated pulse count relay 
or relays is dependent upon the number of pulses 
contained in that train of impulses as has been 
set forth above. For one pulse, relay 233 is 
operated; two pulses, relay 234; three pulses, 
relay 235; four pulses, relay 23.6; five pulses, 
relay 23, ; six pulses, relays 23 and 2388; 
seven pulses, relays 233 and 238; eight pulses, 
relays 23 and 23 i 3; nine pulses, relays 23 iš 
and 238; ten pulses, relays 236 and 238. The 
function of the pulse counting relays 233 to 
238, inclusive, is to prepare operating circuits 
for the select magnets 2600 to 2609, inclusive, of 
the cross-bar register switch to provide for the 
registration of the dialed number in the man 
ner described belloW. 

Recording office designation 
It will be assumed for illustration that the 

number of the desired Station dialed by the call 
ing subscriber is RA-2-3168. The office desig 
nation RA has a numerical equivalent of the 
digits 7 and 2 respectively. The seven trains of 
impulses transmitted by the contacts of the dial 
at the calling station therefore contain the fol 
lowing number of impulses in the order listed: 

first train of pulses dialed, containing seven im 
pulses, causes pulse counting relays 233 and 238 
to operate as described above. When relay 2300 
operates, under control of relay 2207 upon the clo 
sure of the station loop at the conclusion of the 
first train of dial pulses, it releases relay 2308 
which causes select magnet 260 of the cross 
bar register switch to operate in a circuit from 
battery through its winding, conductor 2622, con 
tinuation of conductor 2622 on Fig. 23, lower mid 
dle front contact of relay 233, lower inner front 
contact of relay 238, upper back contact of relay 
2303, back contact of relay 2308, conductor 239, 
to ground over the outer front contact of hold 
magnet 26 which previously operated and 
locked during the registration of the number of 
the district frame. Relay 2308, in releasing, also 
operates relay 2309 from the ground on con 
ductor 23í 9. Relay 2309, in operating, opens one 
locking circuit for relays 233 and 238, these 
relays now being held operated through the par 
allel locking circuit extending from conductor 
223, over the lower back contact of relay 2303, 
to the upper outer front contact of relay 237 
and the upper inner armature of relay 238. Se 
lect magnet 2607, in operating, closes a circuit 

The 

from its operating ground, over its front contact 
and conductor 260 to battery through the wind 
ing of relay 2303 which operates. 
the left front contact of the previously operated 
relay 262, over the back contact of hold magnet 
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Ground over 

2620, conductor 2623, and the upper front contact 
and lower inner front contact of relay 2308, locks 
relay 2303 and, since it also connects to con 
ductor 260, locks select magnet 2607. Relay 
2303, in operating, opens the operating circuit 
for select magnet 260, opens the remaining lock 
ing circuit for relays 233 and 238 which re 
lease, and, in addition, connects ground over its 
lower outer front contact, conductor 2304, right 
front contact of relay 262, right back contact 

O 

5 of relay 269, to battery through the windings of 
hold magnets 2620 and 262 in parallel. Hold 
magnets 2620 and 262 operate and, since select 
magnet 2607 is operated, cause cross-point con 
tacts 2624 and 2625 to close. The operation of 
hold magnets 2620 and 262 also opens the lock 
ing circuit for relay 2303 and select magnet 2607 
and they release. Relay 2303, in releasing, opens 
the operating circuit for hold magnets 2620 and 
262? and these magnets now hold in a circuit 
which may be traced from ground over the left 
front contact of relay 262, inner front contact 
of hold magnet 262 f, winding of relay 269, and 
the windings of hold magnets 2620 and 262 f in 
parallel to battery. Relay 269 operates in series 
with hold magnets 2620 and 262. Hold magnet 
2620 also closes a circuit from ground over its 
Outer front contact and over conductor 2626 to 
battery through the winding of relay 2306 which 
Operates and opens the tone circuit extending 
through the upper winding of sender line relay 
220 thereby removing the dialing signal from 
the calling station. Before the release of relay 
2308 can be effective in operating a select mag 
net, hold magnet 26 must have been properly 
Operated during the registration of the district 
frame number since the ground to the lower con 
tact of relay 2308 is supplied over conductor 239 
from a front contact of hold magnet 26 . This 
arrangement insures that the first dialed digit 
cannot be registered in that row of cross-point 
Contacts of the register switch which are used 
for the district frame registration in the event 
of a failure of that registration to take place. 
Should an accidental pulse be transmitted from 

the calling station due to an unintentional move 
ment of the switch-hook before the dialing of the 
first digit takes place, or should the digit 1 be 
dialed in error for the first digit, relays 220T, 
2300, 230, 23 to, and 232 operate as for a legiti 
mate digit and cause pulse counting relay 233 
to operate and lock in the manner previously 
described. Since the digit 1 is never used for 
the first digit of an office or an operator desig 
nation, it is necessary to prevent the registration 
of this digit should it be transmitted under either 
of the aforementioned conditions. For this pur 
pose the operating circuit for select magnet 260. 
is placed under control of those cross-point con 
tacts which represent the digits 2 to 9, inclusive, 
of that row of switch contacts associated with 
hold magnet 2620 and shown to the right thereof. 
The operating. circuit for select magnet 260 may 
be traced from battery through its winding, over 
conductor 262, conductor 2320, to the multipled 
upper armatures of the row of cross-point con 
tacts to the right of and associated with hold 
magnet 2620. The upper front contacts, of this 
same row of cross-point contacts, which may be 
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34 
prepared for operation by the operation of se 
lect magnets 2602 to 2609, inclusive, and which, 
therefore, represent the digits 2 to 9, inclusive, 
are multipled together and extend over conduc 
tor 2628 to the lower outer armature of pulse 
counting relay 233. Since the registration of 
the first dialed digit causes the Operation of cor 
responding sets of cross-points contacts in the 
two contact rows to the right of hold magnets 
2620 to 262 f, as previously set forth, select mag 
net 260 cannot operate until such time as some 
digit from 2 to 9 inclusive, has been registered 
for the first dialed digit. As previously stated, 
pulse counting relay 233 operated in response 
to the single first digit dial pulse. Upon operat 
ing, relay 23 3 locks in a circuit from battery 
through its lower winding and over its lower 
inner front contact, lower back contact of relay 
2309, upper inner back contact of relays 234 to 
237, inclusive, upper inner back contact of relay 
2309, to a previously traced ground over conduc 
tor 223. When relays 2207, 2300, and 230 re 
Operate upon the closure of the line loop foll 
lowing the single first digit dial pulse, the opera 
tion of relay 2300 releases relay 2308 which, in 
turn, Operates relay 2309 in a circuit from bat 
tery through the winding of that relay, over the 
back contact of relay 2308, conductor 239, to 
ground over the outer front contact of hold mag 
net 26 f. Relay 2309, in operating, opens the 
holding circuit through the lower winding of re 
lay 233 which releases and thereby restores the 
dial pulse counting circuit to normal. Since se 
lect magnet 260 does not operate in response to 
the single first digit dial pulse, due to the fact 
that none of the cross-point contacts in the con 
tact row to the right of hold magnet 2620 are 
closed, relay 2303, hold magnets 2620 and 262, 
and relays 269 and 2306 also do not operate. 
The first digit 1 is therefore not recorded, the 
registering process is not advanced to the suc 
ceeding row of cross-point contacts, and, since 
relay 2306 does not operate, the dial tone indica 
tion is not cut off from the calling station. In 
the above manner, any number of single first 
digit dial pulses may be absorbed provided they 
are spaced far enough apart to allow relay 2308 
to release between them. 
The first digit 7, corresponding to the first 

letter R of the office designation, having been 
registered by the operation of cross-point con 
tact 2625 in the manner hereinbefore set forth, 
the registration of the succeeding digit now pro 
ceeds. The second letter of the office designation 
being the letter A which corresponds to the digit 
2, the second train of dial pulses contains two 
Open periods and causes pulse counting relay 
234 to operate and lock in the manner pre 
viously described. Upon the release of relay 2308 
following the operation of relay 2300 at the end 
of the second train of pulses, select magnet 2602 
of the cross-bar register switch operates from 
battery through its winding, over conductor 
2629, lower outer front contact of relay 234, 
lower back contact of relay 238, upper back con 
tact of relay 2303, back contact of relay 2308, 
to ground over conductor 239. Select magnet 
2602, in operating, operates relay 2303 over con 
ductor 26 O. Relay 2303 locks itself and select 
magnet 2602 to ground over conductor 2623, 
opens the locking circuit over its lower back 
contact for relay 234 which releases, and, in ad 
dition, connects ground over its lower outer front 
contact, over conductor 2304, right front contact 
of relays 262 and 269, left Outer back contact 
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of relay 263, right back contact of relay 2632, 
to battery through the winding of hold magnet 
2630 which operates. Select magnet 2602 being 
operated, the operation of hold magnet 2630 
causes cross-point contacts 2633 to close. Hold 
magnet 2830, in operating, also opens the hold 
ing ground from conductor 2623 thereby releas 
ing relay 2303 and select magnet 2602. The re 
lease of relay 2303 opens the operating circuit 
for hold magnet 2630 and that magnet now holds 
operated in series with relay 2632 in a circuit 
from battery through its winding, winding of 
relay 2632, front contact of magnet 2630, left 
inner back contact of relay 263, to ground over 
the left front contact of relay 269. Relay 2632 
operates and connects ground over its left front 
contact and over the back contact of hold magnet 
2634 to conductor 2623 for locking relay 2303 
upon its next operation, and also connects the 
winding of hold magnet 2634 to the lower outer : 
armature of relay 2303 in a circuit which may 
be traced from the winding of magnet 2634, over 
the back contact of relay 2635, right front con 
tact of relay 2632, left outer back contact of re 
lay 263, right front contacts of relays 269 and 
26 f2, and over conductor 2304. The third digit 
2 of the office designation causes pulse counting 
relay 234 to operate which, upon the release of 
relay 2308 at the end of the third train of pulses, 
is followed by the operation of select magnet 
2602, relay 2303, and hold magnet 2634 in that 
Order. The operation of hold magnet 2634, with 
select magnet 2602 operated, causes cross-point 
contact 2636 to close. In addition, hold magnet, 
2634 opens the holding ground from conductor 
2623 thereby releasing relay 2303 and select mag 
net 2602. The release of relay 2303 releases relay 
23f4 and opens the operating circuit for magnet 
2634 which now holds in series with relay 2635 
which also operates. Relay 2635 extends con 
ductor 2304 to the winding of hold magnet 2637 
and connects ground over its left front contact 
and the back contact of magnet 263 to conduc 
tor 2623. 
The closing of cross-point contacts 2625 con 

nects ground to conductors 2640 and 2642 and 
connects conductors 2639 and 264 to conductor 
227. The closing of cross-point contacts 2633 
connects ground to conductor 2644 and connects 
conductors 2643, 2645, and 2646 to conductor : 
265. The closing of cross-point contacts 2636 
connects ground to conductor 2648 and connects 
conductors 2647, 2649, and 2650 to conductor 
265. Conductors 2639 to 265 inclusive extend 
to the decoder marker circuit and transmit to 
that circuit the information regarding the dialed 
office designation which enables the decoder 
marker to establish a path to the proper Out 
going trunk as will later be set forth in the de 
scription of the operation of the decoder marker 
circuit. When hold magnet 263 operates, sig 
nifying that the three digits comprising the office 
designation have been recorded, it closes a cir 
cuit from the off-normal ground on conductor 
2208, over its outer front contact, conductor 
2652, inner back contact of relay 232, lower back 
contact of relays 2323 and 2324, to battery 
through the winding of relay 2325 which oper 
ates. Relay 2325, in operating, connects off 
normal battery to conductors 2326 and 2327 
which connect to various points in the sender, 
and also connects battery over its upper inner 
front contact to conductor 2328 and, over the 
back contact of relay 2330, to conductor 2329. 
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Conductors 2328 and 2329 extend to a decoder 
marker connector circuit and, upon having bat 
tery connected to them, cause this connector cir 
cuit to function and connect the sender to an 
idle decoder marker in a manner which will 
later be set forth in detail. The outer front 
contact and armature of hold magnet 2634 are 
paralleled by the lower front contact and ar 
mature of cross-points 2653 which are located in 
that row of the cross-bar register Switch which 
operate when the first dialed digit is registered. 
Should a subscriber dial the zero operator which 
is represented by the digit 0, the subsequent op 
eration of select magnet 2600 and hold magnet 
2620 will cause cross-point contacts 2653 to close 
and perform the same function as the Outer 
front contact and armature of hold magnet 2634 
and thereby cause the Sender to become aSSO 
ciated with an idle decoder marker circuit. 
When the sender is required to register both 

two and three digit office designations, relay 263 
is provided and operates whenever the first digit 
dialed is one representing a block of two-digit 
office designations. Assume for illustration that 
all office designations whose first digit is either 
2 or 4 are two-digit office designations, battery 
through the winding of relay 263 extends, in 
this case as shown, to the lower front contact of 
cross-point contacts 2654 and 2655 of that row 
of contacts associated with hold magnet 2620. 
Cross-point contacts 2654 will operate if the first 
dialed digit is 2, and cross-point contacts 2655 
operate if the digit is 4. In either case, relay 
263 operates over the lower front contact of 
one of these sets of contacts to the off-normal 
ground on conductor 2208. Relay 263, in oper 
ating, connects conductors 263 to 2646 inclusive, 
to conductor 265 for the purpose of notifying the 
decoder marker that only a two-digit office desig 
nation is to be dialed and, over its left arma 
tures, transfers the ground supplied to conductor 
2623 from the back contact of hold magnet 2630 
to the back contact of hold magnet 2634, and 
transfers the hold magnet Operating circuit ex 
tending over conductor 2304 from the winding of 
hold magnet 2630 to the winding of hold magnet 
2634. In this case the Second digit dialed Will 
be registered in that row of cross-point contacts 
to the right of, and associated with, hold magnet 
2634. The cross-point contacts in the row asso 
ciated With hold magnet 2630 are ineffective un 
der this condition since that hold magnet has 
been skipped due to the operation of relay 263. 
Where only three-digit office designations are 
employed, relay 263 f is omitted and the conduc 
tors shown connecting to its left arnatures are 
strapped directly to the conductors shown con 
necting to the respective back contacts aSSO 
ciated with these left armatures. The conduc 
tors shown connecting to its right armatures and 
front contacts are omitted entirely in this case. 
Where only two-digit office designations are emi 
ployed relay 263 is also omitted and the con 
ductors shown connecting to its left armatures 
are strapped directly to the conductors shown 
connecting to the respective left front contacts. 
The conductors shown connecting to the right 
front contact of the relay are, in this instance, 
strapped directly to the conductors shown con 
necting to the right armatures. In this latter in 
stance, the Second dialed digit will always be 
registered in that row of contacts of the cross 
bar register switch which are at the right of, and 
asSociated with, hold magnet 2634. 

35 
Recording numerical designation 

The three digits of the office designation hav 
ing been recorded, as hereinbefore set forth, the 
digits 3, 1, 6, and 8 of the desired line are now 
registered in a similar manner. The three dial 
pulses , transmitted for the thousands digit 3 
cause pulse counting relay 235 to operate. 
Upon the subsequent release of relay 2308 at the 
end of the pulse train, select magnet 2603 oper 
ates Over conductor 223. The operation of se 
lect magnet 2603 is followed by the operation of 
relay 2303 which, in turn, operates hold mag 
net 2637. Select magnet 2603 having previously 
Operated, the operation of hold magnet 2637 
Causes cross-point contacts 2656 to operate. 
lay 2303 releases upon the operation of hold 
magnet 2637 and in turn releases relay 235. Re 

Re 
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lay 2638 operates in series with hold magnet 2637 
upon the release of relay 2303, and extends con 
ductor 2304 to the winding of hold magnet 2657 
over the back contact of relay 2658. The single 
dial pulse of the hundreds digit 1 causes relay 
233 to operate which is followed, upon the re 
lease of relay 2308, by the operation of select 
magnet 260?, relay 2303, and hold magnet 2657. 
Hold magnet 265, together with the operated 
Select magnet 26, causes cross-point contacts 
2659 to operate. The operation of hold magnet 
265 releases relay 2303 which, in turn releases 
relay 233. Relay 2658 operates in series with 
hold magnet 265 and extends conductor 2304 to 
the winding of hold magnet 266 over the back 
contact of relay 266. The six dial pulses of the 
tens digit 6 cause pulse counting relays 237 and 
23 8 to operate. The subsequent release of relay 
2308 at the end of the tens digit pulse train op 
erates select magnet 266 over conductor 2232, 
over a circuit which may be traced from ground 
over the Outer front contact of hold magnet 26, 
conductor 239, back contact of relay 2308, upper 
back contact of relay 2303, lower inner front con 
tacts of relays 238 and 237, conductor 2232, 
continuation of conductor 2232 of Fig. 26, to 
battery, through the winding of select magnet 
2606. The operation of select magnet 2606 is 
followed by the operation of relay 2303 and hold 
magnet 2660 which, in turn, causes cross-point 
contacts 2662 to close. The operation of hold 
magnet 2660 releases relay 2303 which, in turn, 
releases relays 237 and 238. Upon the re 
lease of relay 2303, relay 266 operates in series 
with hold magnet 2660 and extends conductor 
2304 to the winding of hold magnet 2663. The 
eight dial pulses of the units digit 8 cause the 
Operation of pulse counting relays 23f4 and 238. 
The Subsequent release of relay 2308 completes a 
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circuit from ground over conductor 239, over 
its back contact, upper back contact of relay 
2303, lower inner front contact of relays 238 and 
234, conductor 22:33, continuation of conductor 
2233 of Fig. 26, to battery through the winding 
of select magnet 2608. Magnet 2608 operates, 
operating relay 2303 which, in turn, operates 
hold magnet 2663. The cross-point contacts 
2665 close as a result of the operation of select 
magnet 2608 and hold magnet 2663. Hold mag 
net 2663 opens the locking ground from con 
ductor 2623 thereby releasing relay 2303 and 
select magnet 2608. The release of relay 2303 
releases relays 234 and 238, and, since it opens 
the operating circuit for magnet 2663, relay 2664 
now operates in Series with hold magnet 2663. 
The Operation of relay 2664 extends conductor 
2304 to the winding of hold magnet 2666. The 
lowest row of contacts of the cross-bar register 
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switch of Fig. 26, which are shown not wired, 
are used to record the digital equivalent of a 
station letter, if dialed. In this description it is 
assumed that the number dialed by the calling 
Subscriber has no station letter and therefore 
this portion of the register switch is ineffective, 
In the case where a station letter such as J, M., R. 
or W is dialed, the equivalent digit 5, 6, 7 or 9 
respectively, is recorded by the Operation of a 
corresponding set of contacts in this lowest con 
tact row of the Switch. The operation of these 
cross-point contacts is identical to the operation 
outlined for any of the preceding digits. A par 
ticular pulse counting relay or pair of relays 
operate in response to the number of dial pulses 
transmitted for the station letter and prepare 
the Operating circuit for the corresponding select 
magnet of the register switch. When relay 2308 
subsequently releases, the particular select mag 
net, relay 2303, hold magnet 2666, and the par 
ticular set of cross-point contacts involved, op 
erate. Magnet 2666 locks directly to ground over 
the left front contact of relay 2664 and removes 
ground from conductor 2623 thereby releasing 
relay 2303 and the operated select magnet. The 
release of relay 2303 releases whichever pulse 
counting relay or relays operated and locked in 
response to the station letter dial pulses. 
The operation of cross-point contacts 2656, 

2659, 2662 and 2665, representing the dialed 
thousands, hundreds, tens and units digits, com 
plete certain connections between conductors 
2667 to 2680, inclusive. These conductors ex 
tend to Figs. 24 and 25 which show that portion of 
the Sender circuit used in the revertive control of 
the selective operations which will later take 

The detailed 
functions controlled by these aforementioned 
Conductors will subsequently be set forth under 
the description of the operation of the sender 
circuit located at the terminating office. 

Sender connected to a narcer 
Referring now to Figs. 27 and 28, there are 

shown thereon such portions of a decoder marker 
connector circuit as are required to illustrate the 
manner in which the subscriber sender of Figs. 
22 to 26, inclusive, is connected to a decoder 
marker circuit such as shown on Figs. 29 to 40, 
inclusive. The subscriber senders are divided into 
a number of groups, each group connecting to a 
particular decoder marker connector circuit. All 
of the decoder marker connector circuits, one for 
each group of subscriber senders, has access to a 
common group of decoder marker circuits. As 
many simultaneous connections between senders 
and decoder markers can be established as there 
are decoder markers, but only one sender of the 
group connected to any particular decodermarker 
connector circuit can be connected to a decoder 
marker at any one time even though other senders 
of that group require decoder markers and their 
are available decodermarkers at that time. The 
decoder marker connector control circuit shown 
in Fig. 28 is provided with One start relay and 
three multi-contact connecting relays for each 
sender which connects to it. Start relay 2800 
and multi-contact connecting relays 200, 280, 
and 2802 are associated with the subscriber's 
sender of Figs. 22 to 26, inclusive. Start relay 
2803 and connecting relays 270, 2804 and 2805 
are associated with some other subscriber sender 
(not shown). For each decoder marker circuit 
used, each decoder marker connector control cir 
cuit is provided with one decoder marker start 
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relay and three multi-contact decoder marker 
connecting relays. Start relay 2808 and con 
necting relays 2702, 2809, and 280 are associated 
with the decoder marker shown in Figs. 29 to 40, 
inclusive. The contacts of relays 2702, 2809 and 
280 which extend to the decoder marker, are 
multipled, as indicated by the multiple straps 
directly at the right thereof, to the corresponding 
contacts of a similar set of relays associated with 
the same decoder marker in each of the other 
decoder marker connector circuits (not shown). 
Relays 2703, 282, and 283 are similar in func 
tion to relays 2702, 2809, and 280, respectively, 
and are associated with Some other decoder 
marker circuit (not shown). The corresponding 
armatures of the similar sender and decoder 
marker connecting relays 2700, 20, 202, and 
27.03 are multipled together. Similiarly, with the 
exception of a few armatures which are individ 
ually wired for control purposes, the correspond 
ing armatures of relays 280 , 2804, 2809, and 28 i 2, 
and the corresponding armatures of relays 2802, 
280S, 280, and 283 are also multipled together. 
After the Office code dialed by the calling sub 

scriber is registered in the sender, that circuit 
functions in the manner previously described and 
connects battery over conductors 2328 and 2329 
to the decoder marker connector control circuit 
of Fig. 28. Sender start relay 2800 operates from 
battery on conductor 2329, through its winding, to 
ground through the winding of relay 284 which 
also operates. Relay 284, in Operating, closes a 
circuit from ground over the back contacts of 
relays 2805 and 2802, Over its front contact, and 
Over conductor 285 to a timing circuit the func 
tion of which will be described later. Assuming 
that no other sender of the group is connected to 
the decoder marker connector circuit at this time, 
the operation of relay 2800 operates Sender con 
necting relays 2700 and 280 in a circuit from 
battery over conductor 2328, windings of these 
relays in parallel, upper front contact of relay 
2800, to ground over the back contact of relay 
2803. This operating ground for relays 2700 and 
280 extends over a chain circuit through the 
back contact of all start relays similar to relay 
2803, as indicated by the broken conductor ex 
tending from the back contact of relay 2803 to the 
upper armature of relay 2800. In the event that 
some other sender of the group had already been 
connected to the decoder marker connector cir 
cuit at this time, its associated sender start 
relay, such as relay 2803, would be operated. 
The operation of relay 2800 would therefore, in 
this case, be ineffective in operating relays 2700 
and 280 due to the opening of the chain circuit 
over which the operating ground for those relays 
extends. 
The operation of relay 2800 also opens the chain 

circuit extending from ground through the wind 
ing of relay 284, over the back contacts of the 
sender start relays, such as relays 2800 and 2803, 
to the windings of the intermediate and last 
start relays, such as relay 2803. With relay 2800 
operated, no other sender of the same group can 
be connected to a decoder marker since the oper 
ating circuit for its start relay, such as relay 
2803, is Open. 
Upon the aforementioned operation of relay 

280, relay 2802 operates in a circuit from battery 
over conductor 2328, winding of relay 2802, and 
over the inner front contact of relay 280 f to 
ground. Relays 2700, 280, and 2802, in operating, 
close the various control conductors extending 
from the Sender to the multipled armatures of the 
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decoder marker connecting relays 202 and 203, 
2809 and 282, and 280 and 283. Relay 2802, 
in operating, connects ground over its outer front 
Contact to the lower armature of relay 286 over 
the lower back contact of relay 28 ft, and to the 
lower armature of relay 287 over the lower back 
contact of relay 286. In addition, relay 2802 
also connects ground to lamp 288, the function 
of which will later be described. Assuming that 
the decoder marker shown in Figs, 29 to 40, in 
clusive, and associated with relays 2702, 2808, 
2809, 280, and 286, is idle at this time, relay 
2808 operates in a circuit from ground through 
its winding, over the upper back contact of relay 
286, a front contact of relay 280, to battery on 
conductor 2329. The upper armature dif relay 
2808 connects over conductor 289, over a chain 
circuit extending over the upper armatures and 
back contacts of the start relays corresponding 
to relay 2808, associated with the same decoder 
marker, but located in the other decoder marker 
connector circuits (not shown), to a ground on 
the last relay, corresponding to relay 2808, in 
the chain circuit. Relay 2820 is normally oper 
ated from battery through its winding, over the 
upper back contact of relay 2808, to ground over 
conductor 289, over the aforementioned chain 
circuit as long as no decoder marker connector 
circuit has connected to the decoder marker as 
Sociated with relay 2808 or with a corresponding 
relay of some other decoder marker connector 
circuit. The ground over the lower back contact 
of relay 2808 connects over conductor 282, over a 
chain circuit extending over the lower back con 
tacts of the relays corresponding to relay 2808, 
aSSociated With the same decoder marker and 
located in the other decoder marker connector 
circuits (not shown), and back over conductor 
2822, to battery through the winding of relay 2823. 
Relay 2823 is therefore normally operated as long 
as no decoder marker connector circuit has con 
nected to the decoder marker associated with re 
lay 2808 and the corresponding relays in the 
other decoder marker connector circuits. 
Upon its operation, relay 2808 opens the afore 

mentioned chain circuits thereby releasing relays 
2820 and 2823 and preventing the operation of any 
start relay corresponding to relay 2808, associated 
with the same decoder marker in the other de 
coder marker connector circuits. In addition, 
relay 2808 operates relays 2702 and 2809 from 
battery through their windings in parallel, over 
its upper front contact, to the chain circuit 
ground supplied over conductor 289. Relay 2809, 
in Operating, connects ground over a front con 
tact to conductor 2824 which extends to the de 
COder marker circuit and the function of which 
Will later be set forth, and operates relay 28 O 
from battery through the winding of that relay 
to ground over its inner front contact. Relays 
2702, 2809, and 280, in operating, extend the 
Control conductors from the sender through to 
the decoder marker circuit shown in Figs. 29 to 
40, inclusive. Relay 280 also connects ground 
Over a front contact to lamp 2825, the function of 
which will be described later. 

Each subscriber sender of the group connected 
to any decoder marker connector circuit prefers 
a particular decoder marker circuit. If the pre 
ferred decoder marker is unavailable, however, 
the Sender is connected to the nearest idle de 
coder marker in the sequence preference. For 
illustration, the sender shown in Figs. 22 to 26, 
inclusive, prefers the decoder marker shown in 
Figs. 29 to 40, inclusive, since the operation of 
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relay 280 operates relay 2808 provided that the 
connector busy relay 286 is unoperated indi 
cating that the decoder marker with which it is 
associated is idle. Should relay 286 be operated, 
in a manner which will subsequently be described, 
indicating that the associated decoder marker is 
unavailable, relay 280 will cause some other de 
coder start relay, for example, relay 28, to 
operate provided its associated connector busy 
relay 281T is unoperated indicating that its asso 
ciated decoder marker is idle. When relay 280 
operated, during the establishment of the con 
nection to the decoder marker of Figs. 29 to 40, 
inclusive, as hereinbefore set forth, it opened the 
operating circuit for relay 286 and connected 
ground over its outer front contact to conductor 
2826. This ground on conductor 2826 operates 
relay 2827 and also operates corresponding relays 
in all other decoder marker connector circuits. 
The operation of relay 2827 is ineffective since 
the circuit extending from its armature is opened 
at the back contact of the operated relay 28 0. 
In all other decoder marker connector circuits, 
however, the Operation of the relay corresponding 
to relay 2827 connects battery over its front 
Contact and over the back contact of the relay 
corresponding to relay 280, to ground through 
the upper winding of the relay corresponding to 
relay 286 which operates and transfers the oper 
ating circuit for the decoder marker start relay 
Corresponding to relay 2808 to the start relay of 
the next available decoder marker in the other 
decoder marker connector circuits. Whenever 
relay 286, or a similar relay such as relay 287, 
operates and indicates that its associated decoder 
marker is unavailable to that particular decoder 
marker connector circuit, it locks through its 
lower winding and front contact provided that 
the decoder marker connector circuit is in use at 
that time in which case some sender connecting 
relay, such as relay 2802 or 2805, is operated. In 
this manner relay 286 cannot release and pre 
maturely release a decoder start relay, such as 
relay 28, even though the circuit through its 
upper Winding is opened by the release of relay 
282 after the decoder marker associated there 
With again becomes available. This prevents a 
decoder marker connector which has started to 
Connect to Some decoder marker other than its 
first choice from abandoning that decoder 
marker and going to an earlier choice decoder 
marker should one become idle at that particular 
time. 
Any decoder marker may be rendered busy to 

any decoder marker connector circuit or to all : 
decoder marker connector circuits by the inser 
tion of a make-busy plug into the proper con 
nector busy or decoder marker busy jack asso 
ciated with that particular decoder marker. . For 
example, if it is desired to make the decoder 
marker shown in Figs. 29 to 40, inclusive, busy 
to the decoder marker connector circuit shown 
in Figs. 27 and 28, plug 2829 is inserted into con 
nector busy jack 2830 thereby operating relay 
286 which functions as previously described. If 
it is desired to make the decoder marker busy to 
all decoder marker connector circuits, plug 283 
is inserted into jack 2832 thereby operating relay 
2833. Relay 2833, in operating, connects ground 
to conductor 2826, operating relay 2827, and oper 
ating relays corresponding to relay 2827 of the 
other decoder marker connector circuits. Relay 
2827 operates relay 28í6 through its upper wind 
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circuit as previously described. The relays cor 
responding to relay 2827 of the other decoder 
marker connector circuit operate their respective 
associated relays, corresponding to relay 286, 
which function in a similar manner. Relays 
283,2835, 2836, and 2837, plugs 2838 and 2840, and jacks 2839 and 284 correspond to relays 
2820, 2823, 2827, and 2833, plugs 2829 and 283f, 
and jacks 2830 and 2832, respectively, and func 
tion in a similar manner in connection with an 
other decoder marker circuit (not shown). 
When relay 284 operated in series with sender 

start relay 2800 upon the connection of the sender 
to the decoder marker connector circuit, conduc 
tor 285 of the timing circuit was grounded as 
hereinbefore set forth. Upon the subsequent 
Operation of relay 2802 this ground was removed 
from conductor 285 and the timing circuit re 
stored to normal before sufficient time had elapsed 
for it to function. Should relay 2802 fail to oper 
ate for any reason, the ground is maintained on 
conductor 285 and causes the timing circuit to 
function and give an audible indication of this 
condition in the following manner. With con 
ductor 28f3 grounded, the first closure of the 
left contact of interrupter 2842 operates relay 
2843. Relay 2843 locks over its left front contact 
to ground on conductor 285 and closes a circuit 
from the right contact of interrupter 2842, over 
its right front contact to battery through the 
Winding of relay 2844. When interrupter 2842 
then closes its right front contact after an in 
terval, relay 2844 operates to the ground on con 
ductor 285. Relay 2844 locks over its right inner 
front contact to ground over conductor 285 and 
Connects this ground, over its left outer front 
contact, to alarm lamp 2845 and to the audible 
signal 2846, lighting the lamp and causing the 
Signal to Sound. Lamp 2845 and signal 2846 are 
common to all decoder marker connector circuits, 
as indicated by multiple strap 2850. The location 
of the circuit causing the alarm indication may 
now be determined by the operation of key 285 
which, in this instance, lights signal lamp 2825. 
Lamp 2825 identifies the particular decoder 
marker connector circuit causing the alarm con 
dition. The speed of rotation of the cam of inter 
rupter 2842 is such that relay 2844 will not operate 
and give the alarm unless conductor 28 5 remains 
grounded for an interval greater than that re 
quired for the normal operation of relay 2802 
after the sender connects to the decoder marker 
COnnector circuit. 
When relay 2802 operates upon the connection 

of the sender to the decoder marker connector 
circuit, it closes a circuit from ground over a 
front contact to conductor 2847 which connects to 
the timing circuit. Under normal operation, the 
Sender, when it has finished with the decoder 
marker circuit, releases the decoder marker con 
nector circuit, in a manner which will be set 
forth later, thereby releasing the various oper 
ated Sender and decoder marker start and con 
necting relays, such as relays 2700, 202, 2800, 
280, 2802, 2808, 2809, and 280 in the case of the 
connection hereinbefore established, the release 
of relay 2802 removes the ground from conductor 
2847 before the timing circuit can function. 
Should the Sender fail to release the decoder 
marker connector circuit after a given interval, 
relay 2802 remains operated and the timing cir 
cuit causes an alarm indication to be given in 
the following manner: With ground on conduc 
tor 2847 the first closure of the right contact of 

is interrupter 2848 operates relay 2849 which locks 
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over its right front contact to ground on con 
ductor 2847. Upon the subsequent closure of the 
left contact of interrupter 2848, relay 2844 oper 
ates over the left front contact of relay 2849. 
Relay 2844 causes alarm lamp 2845 to light an 
audible signal 2846 to sound. The operation of 
key 285 at this time lights lamps 288 and 2825 
to identify the particular sender and the par 
ticular decoder marker connector circuit which 
is causing the alarm indication. The speed of 
rotation of the cam of interrupter 2848 is such 
that relay 2844 will not operate and bring in the 
alarm if the sender releases the decoder marker 
Connector circuit in the normal time required for 
this release to take place. Signal lamp 2852 is 
associated with sender connecting relay 2805 and 
performs the same function in connection with 
that relay as signal lamp 288 performs in con 
nection with relay 2802. 

Record transferred from sender to marker 
Referring now to the decoder marker circuit 

shown in Figs. 29 to 40, inclusive, the first func 
tion of this circuit upon its connection with a 
Sender is to receive and record the office code, 
class of service, and district frame information 
from the sender and to check the integrity of the 
conductors over which this information is re 
ceived. The first digit of the dialed office code 
is recorded on register relays 3500 to 3503, inclu 
sive; register relays 3504 to 3507, inclusive, record 
the second office code digit and relays 3508 to 
353, inclusive, record the third digit of the office 
code. Relays 354 to 357, inclusive, record the 
class of Service required by the calling subscriber. 
Register relays 3200 to 3205, inclusive, of Fig. 32, 
record the number of the district frame. Five 
check relays, relays 358 to 3522, inclusive, of Fig. 
35 are provided for the purpose of checking the 
conductors Over which the decoder marker re 
ceives the foregoing information from the sender 
for continuity and for false grounds. 
Upon the previous operation of relays 2700 and 

27 O2, which close the various conductors from 
the sender to the decoder marker, a circuit was 
also closed from ground over front contact 204 
of relay 2700, and over a front contact of relay 
2702 to conductor 2705. The purpose of this 
ground on conductor 2705 is to provide for oper 
ating and locking the checking relays as will 
Subsequently be described. District frame reg 
ister relay 3202 now operates in a circuit from 
battery through its winding, over conductor 3206, 
a front contact of relays 2T02 and 2T00, conduc 
tor 264, to ground over a front contact of cross 
points 263 of the sender cross-bar register 
switch. District frame register relays 3200, 320, 
and 3203 operate over conductors 3207, 3208, and 
3209, respectively, over front contacts of relays 
27.02 and 2700, over conductors 2616, 267, and 
268, respectively, operated contacts of cross 
points 263, conductor 265, front contacts of 
relays 2700 and 2702, conductor 276, to ground 
over the upper back contact of check relay 352. 
District frame relays 3204 and 3205 operate from 
battery through their windings in parallel, over 
conductor 320, front contacts of relays 27 O2 
and 2700, conductor 2225, lower front contact of 
relay 2220, conductor 2224, upper outer back con 
tact of relay 2322, to the previously traced 
ground Over conductor 265. Class of service 
register relay 354 operates from battery through 
its winding, over conductor 3523, front contact 
of relays 2702 and 2700, conductor 22 s, to ground 
Over a front Contact of the Sender class of service 
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relay 225. Class of service relays 355 to 357, 
inclusive, operate in circuits over conductors 
3524, 3525, and 3526, respectively, front contacts 
of relays 2702 and 27 OO, conductors 229, 228, 
and 2229, respectively, front contacts of relay 225, 
conductor 22, front contact of relay 200 and 
2702, conductor 270, to ground over the upper 
middle back contact of check relay 3522. 
The first office code digit register relays 350 

and 3503 are operated from battery through their 
windings, over conductors 3527 and 3528, re 
spectively, front contacts of relays 2702 and 2700, 
conductors 260 and 2642, respectively, to ground 
over the front contact of cross-points 2625 of 
the sender register switch. Register relays 3500 
and 3502 are operated over conductors 3529 and 
3530, respectively, front contacts of relays 2 (2 
and 200, conductors 2639 and 264, respectively, 
front contact of cross-points 2625 of the sender 
register switch, to the previously traced ground 
on conductor 22. The second office code digit 
register relay 3505 operates over conductor 353, 
front contacts of relays 2.02 and 2T00, conduc 
tor 2644, to ground over the operated cross-points 
2633 of the sender register switch. Register re 
lays 3504, 3506, and 350 operate over conductors 
3532 to 3534, respectively, front contacts of re 
lays 202 and 2700, conductors 2643, 2645, and 
2686, respectively, operated contact of cross-points 
2633, conductor 265, front contacts of relays 
2700 and 27 O2, conductor 208, to ground over 
the upper outer back contact of check relay 
3522. The third office code digit register relays 
3509 and 353 operate from battery through their 
windings in parallel, over conductor 3535, front 
contacts of relays 2702 and 2700, conductor 2648, 
front contact of cross-points 2636 of the sender 
register Switch, to ground. Register relays 3598 
and 352, in parallel, and relays 350 and 35 
operate over conductors 3536 to 3538, respective 
ly, front contacts of relays 2702 and 2700, con 
ductors 266 , 2649, and 2650, respectively, front 
contacts of Sender register switch cross-points 
2636, to the previously traced ground on conduc 
tOr 265 . 

All of the decoder marker register relays are 
now operated and by their operation indicate the 
continuity of the conductors extending from their 
windings to the sender circuit. Check relay 358 
now Operates over a chain circuit extending over 
the left inner front contacts of relays 3503, 3502, 
350, 350, 3507, 3506, 3505, and 3504 to ground 
on conductor 2705. Check relay 359 operates 
over a chain circuit extending over the left inner 
front contacts of relays 35 , 35 fo, 3509, 3508, 
35i 2, and 353 to ground on conductor 275. 
Check relay 3520 operates over a circuit extend 
ing over conductor 3539, over a chain circuit ex 
tending over the upper front contacts of relays 
3205 and 3204, inner front contacts of relays 3200 
to 3203, inclusive, conductor 32, right inner 
front contacts of relays 357, 356, 355, and 
354 to ground on conductor 205. Relays 358 
and 359, in operating, lock over their lower outer 
front contacts and Over the lower back contact 
of relay 3522 to ground on conductor 2 G5. Relay 
3520 locks over its lower outer front contact and 
over the lower back contact of relay 352 to the 
same ground. Check relay 3522 now operates 
from battery through its winding, over the lower 
inner front contacts of relays 359 and 358 to 
ground. Relay 3522, in operating, locks over its 
lower inner front contact to ground on conductor 
2705, and removes the ground from conductors 
2707 and 2708. Relay 3520, in operating, oper 

39 
ates check relay 352 which locks over its lower 
front contact to ground on conductor 205 and 
removes the ground from conductor 2706. The 
removal of ground from conductors 2706 to 208, 
inclusive, by the operation of relays 352 and 
3522 releases all decoder marker register relays 
which are not operated directly from the sender 
circuit, only register relays 3202, 350, 3503, 
3505, 3509, 353, and 35 remaining operated. 
The release of the other register relays opens 
the chain circuit over which relays 358 to 3520, 
inclusive, are Operated and these latter relays 
therefore release since their locking circuits were 
opened by the operation of relays 352 and 3522. 

Translator and route suitch operated 
Upon the operation of relay 3522 and the re 

lease of relay 358 a circuit is completed from 
ground over the upper front contact of relay 3522, 
upper outer back contact of relay 35 fs, left back 
contacts of relays 3506 and 350, left outer front 
contact of relay 3505, left inner back contact of 
relay 3504, conductor 3540, to battery through 
the windings of select magnets 4000, 400 f, 4002, 
and 4003 of the four translating cross-bar 
switches 4004 to 4007, inclusive, of Fig. 40, oper 
ating these select magnets. Hold magnets 4008 
to 40, inclusive, of these switches now operate 
in a circuit from battery through their windings 
in parallel, over conductor 354, right outer front 
contact of relay 350, right back contact of relay 
3500, left middle front contact of relay 3503, left 
back contact of relay 3502, conductor 402, and 
front contacts of select magnets 4003, 4002, 400, 
and 4000, to ground. The operation of hold mag 
nets 008 to 40 i , inclusive, cause cross-point con 
tacts 803 to 406, inclusive, to close since these 
said contacts were prepared for closure by the 
operation of select magnets 4000 to 4003, inclu 
Sive. 

Each cross-point contact of Switches 4006 and 
400 connects to the winding of a select magnet 
of a route switch such as is shown in Fig. 33. 
Each cross-point contact of Switches 4004 and 
4005 connects to the windings of a pair of hold 
magnets of the same route switch. For simplic 
ity, only one each of these connections is shown, 
that extending from the middle front contact of 
cross-point 45, over conductor 60, to the 
winding of select magnet 3303, and that extending 
from the middle front contact of cross-point 403, 
over conductor 40 à 3, to the windings of route 
Switch ho?d magnets 3394 and 3305. 

Select magnet 3363 operates in a circuit from 
battery through its winding, over conductor 40, 
contact of cross-point 405, conductor 3542, left 
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inner back contact of relay 3508, left outer front 
contact of the previously operated register relay 
359, left inner back contact of relays 35 and 
35, inner back contact of relay 359, lower out 
er front contact of the operated check relay 3522, 
conductor 3302, back contact of relay 330, right 
inner back contact of relay 3300, conductor 30, 
to ground over a front contact of relay 300 which 
previously operated when ground was placed on 
conductor 2824 by the decoder marker connector 
circuit as hereinbefore set forth. The operation 
of select magnet 3303 prepares cross-points 3306 
to 3369, inclusive, and cross-points 3322 and 3323 
for operation and also causes hold magnets 3304 
and 3305 to operate. The circuit for hold mag 
nets 3304 and 3305 is traceable from battery 
through their windings, over conductor 408, con 
tact of cross-point 403, conductor 409, left in 
ner back contact of relay 352, left Outer front 
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