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UNITED STATES PATENT OFFICE. 
SAMUEL B. WILLIAMS, OF BROOKLYN, NEW YORK, ASSIGNOR TO WESTERN ELECTRIC 
COMPANY, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW YORK. 

ELEPHONE-EXCHANGE SYSTEMI. 

Application filed August 17, 1923. Serial No. 657,839. 

To all whom it may concern 
Be it known that I, SAMUEL B. WILLIAMS, 

a citizen of the United States of America, re 
siding at Brooklyn, in the county of Kings 

is and State of New York, have invented cer 
tain new and useful Improvements in Tele 
phone-Exchange Systems, of which the fol 
lowing is a full, clear, concise, and exact de scription. 
This invention relates to telephone ex 

change systems and more particularly to sys 
tems involving machine Switching appar 
atus for the establishment of conversational 
connections. 
The object of this invention is an im 

proved telephone system wherein the selec 

0 

s 

tive switches, which serve to establish con 
nections of different classes, are under the 
control of the same selection controlling 
mechanism. 
A feature of the invention relates to a 

system wherein calls extended automatically 
and calls extended by operators are further 
extended by automatic switches under the 
control of a register sender mechanism which 
may receive its records either over the auto 
matically extended connections or from the operator's positions. 
Another feature relates to a register con 

trolling sender which is adapted to receive 
code impulses sent either from another reg 
ister sender or from an operator's position 
for the purpose of controlling selective 
switches. 
A further feature relates to a system hav 

ing incoming trunks from automatic offices 
and trunks from operators' positions and a 
sender selector for associating senders with 
any of these trunks, together with means for 
sending records either over the incoming 
trunks from the automatic offices or from the 
operators' positions through said sender se 
lector to the 'senders. 

Other features and advantages contem 
plated by the invention will be taken up in 
detail hereinafter and pointed out in the ap 
pended claims. 

Considering the drawing, Figs. 1 to 14, 
inclusive, taken in the order illustrated in 

50 Fig. 15 disclose the details of a telephone 
system incorporating the features of the 
present invention. 

Fig. 1 shows a trunk circuit incoming to 
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the central office from a distant mechanical 
office. 

Fig. 2 illustrates an incoming selector 
Switch of the coordinate type in which ter 
minate trunks incoming form the mechani 
cal office. 
Fig.8 shows a second group selector switch 

to which connections are extended from the 
incoming switch in Fig. 2. 

Fig. 4 illustrates a final or connector 
Switch of the coordinate type employed for 
completing connections to the called sub 
scribers' lines. 

Fig. 5 shows a coordinate sender selector 
switch Serving to extend the incoming trunks 
into connection with one of the number of 
register sender mechanisms. 

Figs. 6, 7 and 8 illustrate details of one of 
the register Senders. Figs. 7 and 8 consti 
tute the relay registers of the sender upon 
which the designation records are estab lished. 

Fig. 9 shows a sender connector, device. 
consisting of multicontact relays for associ 
ating the senders with the incoming marker 
together with certain control relays. 

Fig. 10 shows the incoming marker mech 
anism which controls a plurality of incom 
ing selectors to which it is common and as 
sociable. 
In the lower part of Fig. 11 there is illus 

trated a multicontact relay sender connector 
device for connecting the senders with the 
line marker. 
In the remainder of Fig. 11 and in Fig. 

12 there is shown the line marker which is 
associable with the group selectors and con 
nectors of Figs. 3 and 4 for controlling these 
Switches to complete connections. 
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Fig. 13 discloses an operator's keyboard 
and impulse sending mechanism located in 
the same office with the switches shown in 
Figs. 2, 3 and 4. . - 

Fig. 14 shows a trunk circuit incoming to 
the operator's position from a distant office 
which trunk terminates in the incoming se 
lector switch of Fig. 2 together with the 
other trunks incoming from the distant me 
chanical offices. 
There is disclosed in the drawings illus 

trating this invention a terminating central 
office to which connections of different types 
are extended for completion to called sub 
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scribers' lines therein. This office is ar 
ranged to cooperate with distant full me 
chanical offices, one of which is illustrated 
diagrammatically at the left of Fig. i. The 
connections after being extended from the 
mechanical office by means of automatic 
switches to the terminating office here rep 
resented appear first in incoming selector 
switches shown in Fig. 2. Following the 
extension of the connection to the incoming 
selector switch an idle register sender is 
associated with the incoming trunk and re 
ceives the record by means of code impulses 
which are transmitted over the incoming 
trunk from the automatic sending mecha 
nism in the distant mechanical office. 
After the record is established on the 

sender the markers are attached to the 
sender in the proper order and control the 
switches in the terminating office to complete 
the connection to the desired line. 

Calls of another type handled by the ter 
minating office are those originating in dis 
tant manual offices, for instance, and des 
tined for some subscriber's line in the ter 
minating office which can only be reached 
through the medium of the automatic selec 
tor switches. To attend to this type of serv 
ice the terminating office is equipped with 
cordless operators' positions at which key 
boards are installed for setting up the rec 
ords pertaining to the called lines. 
The incoming trunks from the manual 

originating offices terminate in any suitable 
manner in the same incoming automatic 
switches with the trunks above mentioned 
which arrive from the mechanical offices. 
These incoming trunks are under the control 
and supervision of the cordless operators, 
whose duty it is to make the necessary as 
signments orally to the distant operators 
and bring about release at the propertimes. 
The cordless operators, on receiving the des 
ignations orally, set them up on a key 
board with the result that these records are 
transferred by code impulses from the oper 
ator's position to the same register senders 
which are employed in connection with calls 
originated or extended from the full me 
chanical offices. 
According to the aforegoing outline of the 

arrangement of the apparatus in the ter 
ministing office a number of register sender 
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mechanisms and marker controlling devices 
are placed at the universal disposal of con 
nections of a full mechanical nature and 
also of connections which are partially es 
tablished through the medium of operators. 
Another desirable advantage is that with the 
particular type of switching medium em 
ployed for completing the connections in 
the terminating office, the varying types of 
incoming trunks, including those from me 
chanical offices and those from manual offices, 
are distributed in the same switching mech 

l,558,847 

anism and are extended therethrough and 
through the same succeeding switches into 
connection with the wanted lines. Further 
more, these incoming trunks are all associ 
ated through the same selecting apparatus 
to any of the common sender controlling 
mechanisms. 

General description of the system and 
apparatus. 

The Selective switches including the in 
coming selectors 200, group selectors 300, 
connectors 400, sender selectors 500 and the 
other Selector switches employed in this sys 
tem are of the coordinate type such as shown 
and described in the patent to S. B. Williams 
No. 1,517,331, issued December 2, 1924. 
The trunk 100 incoming from the me 

chanical office to the terminating office ap 
pears in the vertical row of contacts 202 of 
the incoming selector switch 200 and has ac 
cess to all horizontal links 205,206, etc. This 
incoming selector is shown in schemate 
form, only a limited number of the vertical 
rows of contacts and a limited number of the 
horizontal links being illustrated. It should 
be understood, of course, that this switch 
may have any desired capacity. The incom 
ing trunk 1400 from the distant manual office 
also appears in the same incoming switch 
200 in the vertical row of contacts 201, like 
wise, having access to all horizontal links. 
In a similar manner other trunks incoming 
from different offices would appear in this 
and other equivalent incoming selector 
switches. 
The incoming selector switch 200 also has 

a plurality of groups of outgoing trunks 
appearing in rows 203, 204, etc. Each out 
going trunk is shown having an appearance 
before a single horizontal link such as the 
links 205, 206. These trunks are multipled 
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in order to appear before corresponding 
horizontal links in all of the remaining in 
coming selector switches controlled by the 
same marker mechanism. The trunks outgo 
ing from the incoming selector switch are 
distributed among the different group selec 
tol's 800, one of these trunks 211 being shown 
in full. 

110 

5 
A convenient manner of arranging the 

group selector and connector switches is to 
make a division of the exchange into ter 
minal line groups. For a ten thousand line 
office each terminal line group, for example, 
Would have access to two thousand different 
lines and would comprise a number of group 
selector and connector switches 300 and 400 
and a single controlling line marker com 
mon to all of these switches. Each of the 
remaining four terminal line groups would 
likewise comprise a proper number of group 
selector and connector switches and a line 
marker for controlling, said switches. Ac 
cording to this plan the trunks outgoing 
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from the incoming switches 200 would be 
distributed among the group selectors 300 in 
each of the five terminal line groups in order 
that any one of the ten thousand lines might 
be accessible. 
Considering the terminal line group, the 

group selectors 300 are equipped with a 
number of groups of outgoing trunks which 
lead to the various connector switches 400 
of that particular group. One such trunk 
319 is illustrated in full. 
The called subscribe's lines appear in the 

connector switches in groups. For instance, 
each of the vertical rows 417 and 418 repre 
sents a group of subscribers' lines. Each 
line is accessible over a group of horizontal 
links. The line 416 appeal's in the group 
occupying the vertical row 41S and is ac 
cessible by a group of links, two of which 
401 and 402 are shown. A second line 426 
in the same group is accessible to another 
group of horizontal links 404 and 405. 
Similarly, other lines in the same row (not 
shown in the disclosure) would be accessible 
to other groups of horizontal links. Each 
group of horizontal links is provided with 
a common test link for the purpose of test 
ing the condition of the called lines to which 
that group of links has access. The common 
test link 403 serves with respect to the group 
of horizontal links containing the links 401 
and 402. The link 406 likewise is common. 
to the second group of horizontal links 
shown. As will be seen hereinafter, these 

5 test links are only operated for a brief in 
terval at the propertime when conditions 
are favorable to make a test of the called 
subscriber's line. 
The incoming marker shown in Fig.10 

includes a series of testing relays 1000 which 
serve to test the horizontal links in any of 
the incoming selector switches to which this 
marker is common and also to test the out 
going trunks which have access to those 
horizontal links. The connecting device 
1002 which comprises, a number of multi 
contact relays 1004, 1005, 1006, 1007, etc. 
serves to connect the set of test relays 1000 
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with the proper group of outgoing trunks, 
the multicontact relays each being indivual 
to a different group. Also a connecting de 
vice 1001 consisting of multicontact relays 
1008, 1009, 1010, 1020, 1021, 1022, etc. serves 
to connect the marker testing relays with 
the individual incoming switches. Relays 
1008, 1009, and 1010, for instance, are in 
dividual to the particular incoming switch 
200 illustrated in the drawing. Similarly, 
relays 1020, 1021 and 1022 are individual 
to a second incoming switch (not shown). 
The line marker shown in Figs. 11 and 

12 includes a plurality of registers 1200, 
1201, and 1202 which receive numerical 
records from the controlling sender. It also 
includes the multicontact relay translating 

B 

device 1204 which is operated according to 
the settings of the registers to select the mag 
nets 414, 415 individual to the different ver 
tical rows of outgoing lines in the connector 
switches. Moreover the line marker includes 
a multicontact relay translating device 1203 
which operates to associate the register 1201. 
with a connecting device 410 individual to 
the proper connector switch 400. The de 
vice 410 consisting of relays 411, 412, etc. 
serves to associate certain test relays with the 
horizontal links of the group having access 
to the called lines of the desired units desig 
nation. In Fig. 11 a set of testing relays of 
the marker are shown and these relays are 
associable, through the multicontact relay 
connecting device 301 and 302 with the 
groups of trunks outgoing from the selector 
switch 400 and other switches and also with 
the horizontal links of these group selectors. 
The sender selector switches 500 comprise 

a plurality of rows of contacts 501, 502, etc. 
together with horizontal links 505, 507 and 
508. These horizontal links are arranged in 
groups, one group being represented by the 
single link 505 and another group being 
illustrated by the two links 507 and 508. 
The trunks incoming from the distant offices 
each appear in the sender selector switches 
as illustrated. The trunk 100, for instance, 
incoming from the mechanical office appears 
in the vertical row 501 and before all hori 
Zontal links belonging to the particular 
group which contains the link 505. 
trunk 1400 incoming from the distant manual 

The 

70 

75 

80 

85 

90 

95 

100 
office also appears in the vertical row 501 
and before all horizontal links of the group 
containing the links 507 and 508. In any 
similar and suitable fashion other trunks 
incoming may be distributed to appear in 
the different groups of horizontal links at 
the sender selector and at other sender selec 
tor switches. 

number of rows of contacts 503, 504, etc., in 
each of which appears a circuit leading to a 
register sender. The circuit 532, for in 
stance, represents the register sender shown 

In addition the sender selector 500 has a 

05 

110 

in full in Figs. 6, 7 and 8 and appears in the 
vertical row 504 and has access to all hori 
Zontal links in all groups. A second circuit 

ll5 

533 is illustrated which leads to another 
register sender (not shown in the drawing) 
and appears in the vertical row 503 of the 
sender selector switch. The step-by-step 
switch 526 associated with the sender se 
lector serves for the purpose of allotting the 
different senders for use in succession ac 
cording to whether they are busy or idle. 
The operator's position illustrated in 

Figs. 13 and 14 is equipped with a number 
of sets of keys 1300, 1301, 1302 and 1303 for 
recording the four digits of the called sub 
scriber's number. Moreover, the position is 
equipped with certain impulse generating 
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mechanism whereby code impulses are origi 
nated in accordance with the record on the 
keyboard and transmitted through the sender 
selector switch 500 to the associated register 
sender in order to record upon such sender 
the registration of the wanted number. The operator's keyboard is further provided with 
assignment and release keys for each trunk 
incoming to her position from a distant 
manual operator. The assignment key 1418 
and the release key 1419 are individual to 
the particular trunk 1400 shown. 
Detailed description of the system-estab 

lishment of a full mechanical conneo 
tion. 

Consider that a connection is extended 
from a distant mechanical office illustrated 
at the left of Fig. 1 over a trunk 100 to the 
terminating office. Assume, also that the 
party originating this call desires to con 

25 

30 

40 

45 

50 

55 

60 

65 

verse with the subscriber of line 416 in the 
terminating office and that the number of 
this called line is 1326. In any well-known 
manner the connection is extended over au 
tomatic switches such as the switch. 110 in 
the originating mechanical office by way of 
the interoffice trunk 100 to the incoming se 
lector switch 200 in the terminating office. 
Upon the extension of the connection over 
the trunk 100 a circuit is closed from bat 
tery, through the left-hand winding of relay 
104, left normal contact of relay 103, upper 
left winding of repeating coil 101, outer 
right back contact of relay 102, thence over 
the tip of the trunk 100, through a closed 
bridge at the mechanical office and return 
ing over the ring of trunk 100, inner right 
back contact of relay 102, lower left-hand 
winding of coil 101, right normal contact of 
relay 103, right-hand winding of relay 104 
to ground. Relay 104 operates and closes a 
circuit from 
through the winding of relay 107. Relay 
107 closes a circuit from ground over con 
ductor 115, back contact of relay 106, con 
ductor 114, inner left back contact of relay 
102, winding of relay 513 to battery. 

Relay 513 operates and a circuit is com 
pleted from battery through the winding of 
relay 515, right back contact of relay 514, 
conductor 535, inner right contact of relay 
513, conductor 536, winding of relay 537 to ground. 

Relays 514, 515 and 516 enclosed within 
the broken rectangle pertain to the vertical 
group of contacts in the row 501 in the 
switch 500. These relays are brought into 
action whenever one of the trunks appear 
ing in this row is seeking to be attached to 
one of the register senders. 

Relay 515 completes a circuit from battery 
through the winding of relay 519, left con 
tact of relay 515, conductor 536, to ground 
through the winding of relay 537. Relay 

ground through its contact 

1,558,34? 

515 also closes, a circuit from battery 
through the left-hand winding of relay 516, 
right front contact of relay 515, left back 
contact of relay 517, outer right contact of 
relay 523 to ground through the winding of 
relay 537. Relay 516 at its outer left contact 
closes a circuit for relay 514. Relay 514 
locks in a circuit through its winding and 
left contact, left front contact of relay 519 
to ground at the contact of slow release re 
lay 520. Relay 516 also closes a circuit from 
battery through its right winding and right 
contact, winding of relay 517, outer right 
contact of relay 523 to ground through the 
winding of relay 537. Relay 517 operates 
and closes a circuit from battery through the 
winding of slow-to-release relay 522, outer 
right contact of relay 517, inner right back 
contact of relay 523 to ground through the 
winding of relay 537. Relay 522 closes a 
substitute holding circuit for relays 516 and 
51 independent of the relay 523. 
With relay 517 operated a circuit is closed 

from battery through the winding of the 
vertical operating magnet 529, outer right 
front contact of relay 516, left front contact 
of relay 517, outer right contact of relay 
523 to ground through the winding of relay 
537. The magnet 529 operates and pre 
pares the contacts of the vertical row 501. 
Magnet 529 also closes a circuit from ground 
through its contact, conductor 552, left con 
tact of relay 521, inner left contact of relay 
516, outer right contact of relay 513, left 
hand winding of relay 512 to battery. Relay 
512 is a group relay individual to the group 
of horizontal links including the link 505. 
Similarly, relay 538 is a group relay indi 
vidual to the group of links containing the 
links 507 and 508. . 

Relay 512 operates and closes a circuit 
from battery through its right-hand wind 
ing and right contact, right back contact of 
relay 538, assuming the relay 538 to be de 
energized at this time, winding of relay 
521, conductor 552, to ground, at the contact 
of magnet 529. Relay 521 operates in this 
circuit. 
Another circuit is closed from battery 

through the winding of the vertical operat 
ing magnet 531, brush 527 of the allotter 
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526, contact of slow release relay 525, left 
contact of relay 523, inner right contact 
of relay 517 to ground through the winding 
of relay 537. It is assumed that the first 
sender, to which the circuit 532 leads, is 
idle and that the allotter switch 526 is 
standing in a position to allot this particular 
sender as shown in the drawing. The allot 
ter switch 526 has a position for each of 
the several senders appearing in the sender 
selector switch 500. Consequently, the ver 
tical operating magnet 531 relative to the 
idle sender operates and prepares the con 
tacts in the vertical row 504. Magnet 531, 
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in operating, completes a circuit from bat 
terythrough its winding and inner contact, 
conductor 539, winding of relay 523, inner 
right contact of relay 517 to ground through 
the winding of relay 537. Relay 523, how 
ever, being shunted by the circuit above 
traced does not operate at this time. Magnet 
531, furthermore, closes a circuit from 
ground through its outer contact, conductor 
540, brush 528 of the allotter switch, contact 
and winding of the stepping magnet 524, 
through the winding of relay 
tery. The magnet 524 operates, interrupts 
its own circuit and advances the brushes 
527 and 528 to the next set of terminals. 
If the following sender is idle, the allotter 
switch comes to rest, but if it is busy the 
switch continues until an idle sender is 
found. When the switch leaves the position 
shown, it opens the shunt around the relay 
523 and this relay operates in series with 
magnet 531. The relay 523 opens the cir 
cuit of relay 522 which commences to de 
energize. The relay 522 being slow holds 
its armatures for an interval after the opera 
tion of relay 523 which is sufficient for 
certain operations to take place as will be 
presently described. 

During the interval measured by the re 
lease of relay 522, a circuit is closed from 
ground through the winding of relay 537, 
inner right front contact of relay 523, right 
contact of relay 521, left back contact of 
relay 538, left front contact of relay 512, 
back contact of relay 509, winding of the 
horizontal operating magnet 510, individual 
to the link 505, to battery. The magnet 510 
operates and effects a connection between 
the link 505 and the incoming circuit and 
also between the link and the outgoing cir 
cuit 532. 
At the time the vertical operating magnet 

531 operates a circuit is closed from 
ground through the outer contact of said 
magnet, conductor 540, inner left back con 
tact of relay 605, winding of slow-to-release 
relay 600 to battery. Relay 600 operates 
and closes a circuit for relay 605. Relay 
600 also locks in a circuit, from battery 
through its winding and right contact, con 
ductor 637, outer left contact of relay 638, 
outer left back contact of relay 632, con 
ductor 639, outermost right contact of relay 
604, inner right contact of relay 605 to 
ground at the left front contact of relay 
600. 
Immediately that the connection is es 

tablished through the sender selector switch 
500 a circuit is closed from battery to the 
winding of the horizontal magnet 510, wind 
ing of relay 509, contacts of the switch 500, 
conductor 540, inner left front contact of 
relay 605, winding of relay 601 to ground 
at the inner left contact of relay 603. The 
magnet 510 is held energized in this circuit 

525 to bat 

under the control of the sender after the 
above traced energizing circuit has been 
opened. Relay 509, however, being shunted 
for the time being remains deenergized to 
prevent the extension of the start circuit 
through to the next link in the group. 
After the necessary interval has elapsed 

slow relay 522 releases and in so doing opens 
the circuit of relays 516 and 517. Relay 517 
opens the circuit of relay 523 which releases 
and opens the original operating circuit 
through the winding of relay 509 and the 
winding of magnet 510. Thereupon, relay 
509 operates in series with the magnet 
510 in the substitute holding circuit. Re 
lay 517 opens the circuit of the vertical 
operating magnet 529 and also the cir 
cuit of the vertical operating magnet 531. 
These two magnets release and restore the 
associated rods to their normal positions. 
The connection is now held solely by the 
maintained energization of the horizon 
tal magnet 510. . 
At the time the sender selector switch op 

erates, another circuit is completed from the 
grounded conductor 540, through contacts 
of the switch 500 by way of link 505, con 
ductor 541, winding of relay 102 to battery. 
The relay 102 operates and extends the tip 
and ring conductors of the incoming trunk 
100 through the sender selector switch 500 
to the selected idle sender. Relay 102 opens 
the circuit of relay 104 which releases. 
Relay 107, however, is now held in a cir 
cuit through its winding to ground at the 
outer left front contact of relay 102. 
The relay 601 which is included in the cir 

cuit of conductor 540 for holding the mag 
net 510 and the relays 509 and 102 operated 
after the actuation of the sender selector also 
becomes energized. The relay 601 closes a 
circuit for relay 602 and this latter relay 
operates and locks through its make before 
break contact, conductor 640 to ground at 
the middle right contact of relay 605. The 
trunk 100 is now extended to the selected 
idle sender and an impulse circuit is trace 
able as follows: over the tip conductor of 
the trunk 100, outer right front contact of 
relay 102, conductor 116, through contacts 
of the selector 500, conductor 542, right nor 
mal contact of relay 606, conductor 641, 
windings of relays 634, 633 and 627, conduc 
tor 642, left normal contacts of relay 606, 
conductor 543, contacts of the switch 500, 
conductor 117, inner right front contact of 
relay 102, and thence over the ring side of 
the trunk 100 to the mechanical switching 
office. 
At the distant mechanical switching office 

illustrated at the left of Fig. 1 there is shown 
diagrammatically a selector switch 110 by 
means of which the connection has been ex 
tended to the trunk 100 leading to the ter 
minating office, Moreover there is shown in 
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diagram a sender 111 and a marker 112 for 
controlling the switches in the originating 
office. The sender 111 after having cooper 
ated with the marker 112 to extend the con 
nection to the trunk 100 may further be 
come effective to transmit codes of impulses 
from the mechanical office over the trunk 
100 to the sender at the incoming office for 
the purpose of setting up a record on the 
registers shown in Figs. 7 and 8. For a more 
detailed description of the method in which 
the switches at the distant mechanical office 
may be positioned and the method in which 
the code impulses are created and transmitted. 
by the controlling mechanism in said office, 
reference is made to the patent to S. B. Wil 
liams, No. 1,517,331, issued Dec. 2, 1924. 
The operation of the relay 102 on extending 
the trunk 100 through to the sender to com 
plete the impulse circuit above traced may 
by disconnecting the windings of relay 104 
from said trunk serve as a signal to the me 
chanical office that the apparatus at the in 
coming office is in condition to receive the 
code impulses from the sender mechanism 
111. Hence the equipment is in condition 
for transmitting code impulses over the line 
circuit for setting the registers in Figs. 7 
and 8. 
The code impulses are sent over a full 

metallic circuit comprising both the tip and 
ring side of the line in series. 
pulses may be of either positive or negative 
polarities dependent upon the pole of bat 
tery that is connected to a given side of the 
line circuit. They may also be weak or 
strong dependent upon whether a high or 
low resistance is included in the circuit. The 
relay 634 at the incoming office is polarized 
in such a manner as to respond only when 
current of positive polarity flows over the 
ring side of the line; that is, over the con 
ductor 543 and conductor 642. The relay 
633 is polarized in such a manner as to re 
spond to current of the opposite polarity. 
Both relays 634 and 633 respond to strong 
or weak impulses provided the polarity is 
proper. Relay 627 responds to strong im 
pulses of either positive or negative polarity, 
but being marginal will not operate on weak 
impulses. w 

Since the number of the called subscriber's 
line is 1326, the sender 111 at the distant 
office transmits a number of codes of im 
E. representing this number. For the 
rst digit 1 it transmits a code as follows: 

first a weak positive impulse, second a weak 
negative impulse, third no impulse and 
fourth a weak negative impulse. The sec 
ond digit 3 is represented by a weak posi 
tive impulse, a heavy negative impulse, no 
impulse, and a weak negative impulse. The 
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third digit 2 is represented by a code be 
ginning with no impulse and followed by a 
heavy negative impulse, then by a period 

These im 
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in which no impulse is sent and, lastly, by a 
weak \negative impulse. The last digit 6 
is represented by a weak positive impulse, a 
weak negative impulse, no impulse and a 
strong negative impulse. The manner in 
which these impulses are created and trans 
mitted is fully explained in the patent to 
S. B. Williams No. 1,517,331. 
In response to the first which is a weak positive impulse, the polarized relay 634 op 

erates and relays 633 and 627 remain inert. 
Relay 634 completes a circuit from ground 
through the outer right contact of relay 605, 
conductor 643, contact of relay 634, left back 
contact of relay 635, left back contact of 
relay 703, winding of register relay 711 to 
battery. Relay 711 operates and locks to 
the grounded conductor 643. Relay 633 re 
sponds to the next impulse which is nega 
tive and a circuit is closed from ground over 
conductor 643 through the contact of relay 
633, left back contact of relay 636, left-hand 
winding of relay 635, left-hand winding of 
relay 636 to battery. Relay 635, operates in 
this circuit but relay 636 being marginal 
does not become energized. Relay 635 com 
pletes a circuit from battery through the 
left-hand winding of relay 636, left-hand 
winding of relay 635, right-hand winding 
of relay 636, inner right contact of rela 
635 to grounded conductor 643. Althoug 
the right-hand winding of relay 636 is in 
cluded in this circuit, it is shunted by the 
circuit previously traced and, therefore, re 
lay 636 still remains deemergized. Relay 
635, in operating, completes a circuit from 
ground over conductor 643, outer right con 
tact of relay 635, outer left back contact of 
relay 702, winding of relay 703 to battery. 
Relay 703 operates and closes a circuit from 
battery through its winding and the wind 
ing of relay 702, inner right front contact of 
relay 703 to the grounded conductor 643. 
Relay 702, however, is shunted by the cir 
cuit above traced through the contact of 
relay 635 and remains deemergized. At the 
end of the second impulse, relay 633 releases 
and in so doing removes the shunt from 
around the winding of relay 636 and this 
relay operates in series with relay 635. In 
response to the next and last impulse rep 
resenting the first digit which is a negative 
impulse, the relay 633 operates and connects 
ground potential directly to the left-hand 
winding of relay 636. This results in 
shunting the relay 635 which releases its 
armatures. Relay 635 opens the shunt 
around the winding of relay 702, but another 
shunt is maintained around this relay 
through the inner right contact of relay 636. 
At the end of the last impulse, relay 633 re 
leases and opens the circuit of relay 636, 
whereby relay 702 operates in series with 
relay 763. Thus, for the first digit 1, a code 
of impulses is transmitted resulting in the 
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operation of the register relay 711 of the 
first register 700. w 
Next a positive impulse is transmitted 

over the line, the first impulse of the code 
representing the second digit 3, causing the 
operation of relay 634. IRelay 634 closes 
a circuit from ground over conductor 643 
through its contact and thence through the 
left back contact of relay 635, left front 
contact of relay 703, outer left back contact 
of relay 705, winding of register relay 713 
to battery. Relay 13 operates and locks to 
the grounded conductor 643. In response 
to the next impulse, which is negative and 
heavy, relays 633 and 627 operate. Relay 
633 causes the operation of relay 635, which 
in turn, closes a circuit from ground over 
conductor 643, through the outer right con 
tact of relay 635, outer right front contact 
of relay 742, outer right contact of relay 
704, winding of relay 705 to battery. Relay 
705 operates and prepares a holding circuit 
for itself in series with relay 704, but relay 
704 being shunted does not operate. Relay 
627, in operating, closes a circuit from 
ground over conductor 643, thence through 
the outer right back contact of relay 636, 
outer right front contact of relay 702, inner 
right back contact of relay 704, winding of 
relay 714 to battery. Relay 714 operates 
and locks to the grounded conductor 643. 
At the end of this impulse, relay 633 re 
leases and relay 636 operates in series with 
relay 635. 

Finally, a weak negative impulse is trans 
mitted, which is the last impulse of the code 
representing the second digit, and relay 633 
operates shunting the relay 635. At the end 
of this impulse, relay 633 releases and relay 
636 deemergizes to permit relay 704 to oper 
ate in series with relay 7d5. Thus, at the 
end of the second series, relays 713 and 714 
of the register 701 have been energized and 
locked. - 

The first impulse representing the third 
digit 2 being negative and heavy causes the 
operation of relays 633 and 627. Relay 633 
causes the operation of relay 635 which 
closes the above traced circuit over the outer 
left front contacts of relays 702 and 704, 
thence through the outer left back contact 
of relay 802, winding of relay 803 to bat 
tery. IRelay 803 operates and prepares a 
circuit for relay 802, but this latter relay 
being shunted remains inert. Relay 627, in 
operating, completes a circuit over conduc 
tol 643, through the contact of said relay, 
outer right back contact of relay. 636, outer 
right front contact of relay 702, inner right 
front contact of relay 704, inner right back 
contact of relay 802, winding of relay 807 
to battery. Relay 807 operates and locks 
over conductors 810, 811 and 643 to ground. 
At the end of this impulse relays 623 and 

5. 627 release and relay 636 operates. The last 

7 

impulse for the third digit is weak and 
negative, and consequently, relay 633 oper 
ates causing the relay 635 to release. At the 
end of this impulse relay 633 releases open 
ing the circuit of relay 636, which deemer 
gizes and opens the shunt around the relay 
802. Relay 802 operates in series with re 
lay 803 to the grounded conductor 811. 
Thus, for the third digit the register relay 
807 is operated and locked. 
The first impulse representing the last 

digit 6 is positive and causes the operation 
of relay 634. This relay closes a circuit 
over grounded conductor 643 through the 
contact of said relay, left back contact of 
relay 635, thence through the left front con 
tacts of relays 703,705 and 803, left back con 
tact of relay 805, winding of register relay 
808 to battery. Relay 808 operates and 
locks over conductors 812 and 811 to ground. 
The next impulse in order is weak and nega 
tive causing the operation of relay 633 and 
the consequent operation of relay 635. Re 
lay 635 completes a circuit in an obvious 
manner for relay 805. Relay 805 operates 
and prepares a circuit for relay 804. This 
latter relay being shunted remains deener 
gized. At the end of this negative impulse, 
relay 633 releases and relay 636 operates. 
Finally a heavy negative impulse is trans 
mitted causing the operation of relays 633 
and 627. Relay 633 shunts the relay 635. 
Relay 627 closes a circuit from grounded 
conductor 643 to the contact of relay 627, 
outer right front contact of relay 636, inner 
left front contact of relays 702, 704 and 802, 
outer right back contact of relay 804, wind. 
ing of relay 809 to battery. Register relay 
809 operates and locks to the grounded con 
ductor S12. At the end of the impulse, re 
lays 627 and 633 release, causing the release 
of relay 636 and the operation of relay 804 
in series with relay 805. 
to the code of impulses representing the last 
digit, register relays 808 and 809 are oper 
ated and locked. 
At the time the sender is first seized and 

relay 605 operates a circuit is closed from 
battery through the winding of slow-to-re 
lease relay 625, conductor 644, inner right 
back contact of relay 804, conductors 812, 
811 and 643 to ground. Relay 625 operates 
and completes a circuit from battery through 
the winding of relay 624, left contact of re 
lay 625, conductors 645, 646 and 647 to 
ground at the middle right contact of relay 
605. Relay 624 operates and places a sub 
stitute holding ground on conductor 637. 
After the record has been received as above 
described and recorded on the registers in 
Figs. 7 and 8, relay 804 operates and opens 
the circuit of relay 625. While relay 625 
is holding its armatures attracted, however, a circuit is closed from battery, through the 
winding of relay 632, right front contact of 
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relay 625, conductor 648, inner right front 
contact of relay. 804 to the grounded con 
ductor 812. Relay 632 operates and locks 
through its inner left contact to the ground 

5 ed conductor 643. After an interval relay 
625 releases and in so doing opens the hold 
ing circuit of relay 624. Before relay 624 
can release to open the locking circuit of re 
lay 600, a substitute holding circuit is pro 
vided for said relay 600. At the time re 
lay 632 operates a circuit is closed from 
battery through the winding of relay 606, 
right contact of relay 632, right back con 
tact of relay 625, conductor 648 and thence 
as traced to ground over conductor 812. 
Relay 606 operates and at its continuity 
contacts extends the tip and ring conductors 
of the incoming trunk through to the wind 
ings of relay 618. This extended circuit 
may be followed from battery through the 

10 

5 

20 
left-hand winding of relay 618, conductor 
649, normal right contacts of relay 610, 
right-hand front contact of relay 606, thence 
over the tip conductor 542 to the distant 
office and returning over the ring conductor 
543, inner left front contact f relay 606, 
left normal contacts of relay 610, conductor 650, right-hand winding of relay 618 to 
ground. Relay 618 operates in this circuit 

30 and closes a circuit from ground through 
its contact, conductor 651, right contact of 
relay 603, winding of slow relay 600 to bat 
tery. Thus, the relay 600 and relay 605 are 

d under the control of the distant of 
Ce. 

The apparatus is now in condition to 
associate the sender with the incoming mark 
er shown in Fig. 10. As a matter of fact 

35 

40 the second digit has been received and re 
corded on the hundreds register 701. Fol 
lowing the receipt of the second digit a 
circuit is completed from ground over con 
ductor 643, conductor 811 inner left front 
contact of relay 705, conductor 715, outer 
right contact of relay 629, conductor 652, 
winding of relay 904 to battery. . Relay 904 
operates and closes a circuit from ground 
through its right contact, outer right back 
contact of relay 907, winding of relay 908 
to battery. Relay 908 operates and locks 
through its right contact, outer right back 
contact of relay 911, conductor 920, con 
tact of relay 914 to ground. Another cir 
cuit is closed from battery through the right 
hand winding of relay 903, left front contact 
of relay 904, left back contact of relay 906, 
left front contact of relay 908, outer right 
back contact of relay 911 to ground over 
conductor 920. Relay 903 operates and 
closes an obvious circuit for relay 907. With 
relay 907 energized a circuit is closed from 
battery through the left-hand winding and 
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contact of relay 903, left back contact of 
G5 relay 905, left contact of relay 907, winding 
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this association takes place immediately that 

s 

of relay 911 to the grounded conductor 
920. Relay 903 locks and relay 911 operates 
in this circuit. Relay 911 opens the locking 
circuit of relay 908. The multicontact relay 
901 which is individual to the sender illus 
trated is energized to extend the conductors 
from the senier into the marker. The cir 
cuit for this relay may be traced from bat 
tery through its winding, inner right con- . 
tact of relay 903, inner left contact of relay 5 
911, conductor 920 to ground. Relay. 901, 
in operating, also closes a circuit from 
ground through its contact, conductor 92, 
outer left contact of relay 911, inner left 
back contact of relay 913, winding of relay 
912 to battery. 
The connecting device 900 is made up of 

a plurality of multicontact relays each indi 
vidual to a different sender. Another of 
these relays 902 is illustrated together with 
relays 905 and 906 pertaining thereto. 

Relay 912, in operating, completes a cir 
cuit from ground over conductor 920, 
through its inner left contact, conductor 922, 
outer left back contact of relay 1046, wind 
ing of slow release relay. 1048 to battery. 
Relay 1048 operates and closes a circuit for 
the slow release relay 1047. - 
At this time a circuit is completed for 

the vertical operating magnet 213 which con 
trols the row of contacts 202 of the incom 
ing selector switch 200 in which appears the 
incoming trunk 100. This circuit may be 
traced from ground through the right con 
tact of relay 912, conductor 923, contacts of 
relay 901, conductor 924, inner right back 
contact of relay 629, conductor 653, outer 
right contact of relay 609, conductor 654, 
contacts of the switch 500, conductor 544, 
winding of vertical operating magnet 213 105 
to battery. The magnet 213 operates, ro 
tates the associated rod and prepares all 
contacts in the vertical row 202. The mag 
net 213 also completes a circuit from ground 
through its contact, conductor 214, through llo 
the windings of multicontact relays 1008, 
1009 and 1010 to battery. These relays 
which are individual to the switch 200 op 
erate and associate the incoming marker 
with said switch. 

It will be noted that the marker shown in 
Fig. 10 is provided with a number of relays, 
three of which 1023, 1024 and 1025 are 
shown. These relays are individual to 
groups of trunks appearing in the contacts 120 
of the different incoming switches. They 
are selected in accordance with the registra 
tion of the thousands register 700 in the 
sender in order to determine which group 
of outgoing trunks is needed for extending 125 
the connection through the incoming switch. 
While only three of these relays are shown 
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containing the trunk 211 appearing in the 
vertical row 204 of the selector 200 and in 
corresponding rows of other selectors. This 
group of trunks is identified by the thousands 
digit 1 which, it will be recalled, is the digit 
recorded upon the register 700 of the 
sender. Therefore the register 700 prepares 
a circuit for the selection of the group relay 
1025 due to fact that relays 712,716 and 717 
are released. This circuit may be traced from 
ground over conductor 920 to the outer 
right front contact of relay 911, outer left 
contact of relay 912, conductor 925, con 
tacts of relay 900, conductor 926, inner back 
contact of relay 709, left back contact of 
relay 717, outer right back contact of relay 
716, inner left back contact of relay 712, 
outermost back contact of relay 707, con 
ductor 718, contacts of relay 901, conductor 
927, conductor 1026, winding of relay 1025 
to battery. 
With relay 1025 operated a circuit is 

closed from ground through the lowermost 
contact of said relay, conductor 1027, wind 
ing of relay. 1046 to battery. Relay 1046 
operates and opens the circuit of relay 1048, 
but this latter relay requires an interval in 
which to release its armatures. Relay 1046 
in operating completes a circuit from ground 
through its inner left contact, right front 
contact of relay 1047, inner upper contact 
of relay 1025, conductor 1028, contacts of 
relay 1010, conductor 1029, winding of the 
vertical operating magnet 208 to battery. 

35 

4. 

Magnet 208 operates and prepares the con 
tacts in the vertical row 204 representing the 
selected outgoing group of trunks. Magnet 
208 also closes a circuit from ground through 
its contact, conductor 215, contacts of relay 
1010, conductor 1030, winding of relay 1049 
to battery. With relay 1046 operated a cir 
cuit is completed from ground over conductor 
922, outer left front contact of said relay, 
left contact of relay 1047, conductor 1031, 
contacts of relay 1010, conductor 1032, middle 
lower contact of relay 1025, winding of mul 
ticontact relay 1007 to battery. Relay 1007 
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is individual to the group of trunks appear 
ing in the row 204 and series to associate the 
testing relays of the marker with these 
trunks. 
The equipment is now in condition to make 

a test of the trunks outgoing from the switch 
200 and also of the corresponding horizon 
tal links. For this purpose a series of 
double wound test relays 1011, 1014, 1017, 
etc. is provided, each being individual to an 
outgoing trunk in any group with which the 
marker may be associated and also associable 
with the corresponding horizontal links on 
any incoming switch 200. The relay 1011, 
for instance is associable with the trunk 216 
and if this trunk is busy a circuit is closed 
from the grounded sleeve conductor 217, 
thence over conductor 218, contacts of relay 

1007, right contact of relay 1013, right-hand 
winding of relay 1011 to battery. Should 
the horizontal link 206, which has access to 
the trunk 216, be busy, a circuit is closed 
from the grounded sleeve conductor of said 
link, thence over conductor 219, contacts of 
relay 1009, outer left back contact of relay 
1013, left-hand winding of relay 1011 to 
battery. Relay 1011 operates when either of 
its windings is energized or when both are 
energized simultaneously. Relay 1011, in 
operating, locks through its right winding 
and right contact, conductor 1033 to ground 
at the outer right front contact of relay 1046. 
Relay 1011 closes a circuit for relay 1012 
this manner the test relays associable with 
all busy trunks or busy links are operated. 

If it is assumed that the next trunk 211 in 
the group is idle and that the link 205 is 
also idle, the corresponding test relay 1014 
remains deenergized. After an interval the 
slow relay 1048 becomes deemergized and a 
circuit is completed from ground over con 
ductor 922, right contact of relay 1049, right 
contact of relay 1048, inner right contact of 
relay 1046, conductor 1034, contacts of relay 

inner left back contact of relay 1015, wind 
ing of relay 1016 to battery. With relay 
1016 operated a circuit is completed from 
ground through the left contact of relay 
1049, conductor 1035, contacts of relay 100, 
right front contact of relay 1012, right back 
contact of relay 1015, left contacts of relay 
1016, through contacts of relay 1009, thence 
over conductors 1086 and 1037, through the 
left and right-hand windings, respectively 
of the horizontal operating magnet 209 to 
battery. Magnet 209 rotates the associated 
rod and completes the connection through 
the selector switch 200 whereby the incoming 
trunk 100 is connected to the link. 205 and 
the link 205 is connected to the outgoing 
trunk 211 leading to the group E. 
switch 300. Immediately that the connec 
tion is effected a circuit is completed from 
battery through the right-hand winding of 
magnet 209, through contacts of the switch 
200, over the sleeve conductor 115 of the 
trunk 100 to ground at the contact of relay 
107. The magnet 209 is held energized in 
this circuit after the incoming marker has 
released. 
After an interval has elapsed followin 

the release of relay 1048, the slow relay 104 
becomes deenergized and opens the circuit of 
relay 1007. Relay 1047 also opens the cir 
cuit of the vertical operating magnet 208, 
which in turn, releases and opens the cir 
cuit of relay 1049. With relay 1047 deen 
ergized a circuit is closed from ground over 
the inner left contact of relay 1046, right 
back contact of relay 104.7, conductor 1039, 
winding of release relay 913 to battery. 
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Relay 913 operates and locks temporarily 
through its inner left contact and the outer 
left contact of relay 911 to the conductor 
921. Relay 913 at its outer left contact 
closes a circuit for the relay 914. Relay 914 
is slow to operate and slow to release and therefore, requires an appreciable interval 
of time to attract its armature and remove ground from conductor 920. During this 
interval a circuit is established from ground 
over the conductor 920, through the outer 
right contact of relay 913, conductor 928, 
contacts of relay 901, conductor 929, wind 
ing of relay 629 to battery. Relay 629 oper 
ates and locks through its inner left contact 
to ground over conductor 647. 

fter the necessary interval relay 914 op 
erates to remove ground from conductor 
920 whereby the operated relays of Fig. 9 
become deenergized and the sender is dis 
connected from the marker and the remain 
ing energized relays in the marker and the 
vertical operating magnet 207 of the switch 
200 are restored to normal. - 
The next operation to take place is the 

connection of the line marker shown in Figs. 
11 and 12 with the register sender through 
the medium of the connective device 1101. 
At the time relay 629 operates a circuit is 
closed from ground through the left front 
contact of relay 600, inner right contact of 
relay 605, outermost right contact of relay 
604, conductor 639, outer left front contact 
of relay 632, outer left contact of relay 629, 
outer left back contact of relay 630, conduc 
tor 655, thence in parallel through the wind 
ings of relay 706,707 and 709 to battery. 

It was hereinbefore explained that the ex 
change is divided into five terminal line 
groups each serving 2000 lines and each pro 
vided with a single line marker. It is, there 
fore, necessary to determine which one of 
these terminal line groups is to be taken for 
use in completing the connection to the called 
line. This is done by means of the thous 
ands register 700 upon which is recorded 
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the thousands digit. In the present instance, 
the digit being 1, that means that the called 
line occurs in the first group of 2000 lines. 
Accordingly, the setting of the thousands 
register 700 will determine that the line 
marker pertaining to the first terminal line 
group shall be taken into use. Therefore, 
a circuit is traceable from ground over con 
ductor 655, as previously described, through 
the inner left front contact of relay 709, left 
back contact of relay 717, outer right back 
contact of relay 716, inner left back contact according to the combination in which they of relay 712, outer left front contact of re 
lay 707, conductor 719, thence to the relay 
1112 associated with the connecting device 
1101. Relay 1112 operates and closes a cir 
cuit for relay 1116. Relay 1116 locks 
through its E. contact, outer right back 
contact of relay 1114, conductor 1140 to 
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ground through the contact of slow relay 
1117. Relay 1116 closes a circuit from bat 
tery through the right-hand winding of re 
lay 1110, left contacts of relays 112 and 
1113, left-hand contact of relay. 1116, outer 
right back contact of relay 1114 to ground 
over conductor 1140. Relay 1110 closes an 
obvious circuit for relay 1115. Relay 1115 
closes a circuit from battery through the 
left-hand winding and contact of relay 1110, 
left back contact of relay 1111, left contact 
of relay 1115, winding of relay 1114 to the 

70 

grounded conductor 1140. Relay 1110 locks . 
and relay 1114 operates in this circuit. A 
circuit is now established from battery 
through the winding of multic-ntact relay 
1108, which is individual to the sender shown 
in the disclosure, outer right contact of re 
lay 1110, inner left contact of relay 1114 to 
ground over conductor 1140. Relay 1108 
operates and connects the sender to the line 
marker. Relay 1108 also closes a circuit 
through its contact, outer left contact of re 
lay 1114, outer left back contact of relay 
1119, winding of relay 1118 to battery. 
One of the first things to take place upon 

the connection of the line marker to the 
sender is the closure of a circuit for the ver 
tical operating magnet 306 of the group se 
lector 300 in which terminates the selected 
trunk211 outgoing from the incoming switch 
200. This circuit may be traced from the 
grounded conductor 1140, inner right con 
tact of relay 1114, contact of relay 1118, con 
ductor 1141, contact of relay 1108, conductor 
1142, lowermost contact of relay 706, con 
ductor 720, inner right contact of relay 630, 
conductor 656, inner right back contact of 
relay 609, conductor 657, conductor 545, outer 
left back contact of relay 106, over the tip 
conductor of trunk 100, through contacts of 
the switch 200, thence over the tip conductor 
of trunk 211, contact of relay 318, winding 
of the vertical operating magnet 306 to bat 
tery. Magnet 306 operates and prepares the 
contacts in the vertical row in which appears 
the incoming trunk 211 in the group selector 
switch 300. Magnet 306 also closes a circuit 
for the multicontact relay 312. Relay 312 
connects the test relays of the line marker 
with the horizontal links of the switch 300 
for testing purposes. 
The record of the thousands, hundreds, 

tens of units digets is now transferred from 
the registers of the sender to the line marker. 
Relays 1218 and 1219 serve to determine 
whether the thousands digit is even or odd 
are operated. In the present case the digit 
being 1 and odd, the relay 708 in the sender 
is operated. It will be noted that this relay 
is energized in parallel with the register 
relay 711 at the time the latter relay is 
operated. Accordingly a circuit is complet 
ed from ground over conductor 1142 as 
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previously traced through the outermost 
contact of relay 708, conductor 721 contacts 
of relay 1108, conductor 1144, winding of 

A circuit is now.. 
1121 to ground over conductor 1141. Relay 

relay 1218 to battery. 
closed from battery through the winding of 
multicontact relay 1228, left front contact 
of relay 1218, back contact of relay 1219, 
conductor 1141, contact of relay 1118, inner 
right contact of relay 
conductor 1140. ..i. ... ', 
Another circuit may be traced from 

ground over conductor 1142, through the 
outermost contact of relay. 718, conductor 
722, contacts of relay 1108, conductor 1145, winding of relay: 1214, to battery. Still 
another circuit may be traced over the 
grounded conductor 1142 to the outermost 
contact of relay, 714, conductor 723, con 
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tacts of relay 1108, conductor 1146, winding 
of relay 1215 to battery. Another circuit 
may be traced over the grounded conductor 
1142, through the outermost contact of relay 
807, conductor 813, contacts of relay 1108, 
conductor 1147, winding of relay 1207 to 

5 battery. Other circuits are completed over 
the grounded conductor 1142, through the 
contacts of relays 808 and 809, conductors 
814 and 815, contacts of relay 1108, con 
ductors 1148 and 1149, relays 1210 and 1213, respectively to battery. 
With relays 1214 and 1215 operated a 

circuit is completed over the grounded con 
ductor 1141, conductors 1150, 1151, inner 
right contact of relays 1217 and 1216, inner 
right front contact of relay 1215, inner left 
front contact of relay 
multicontact relay. 1240 to battery. A cir 
cuit is now completed from battery through 
the winding of relay 1230, contact of relay 
1228, contact of relay 1240, conductor 1150 
to the grounded conductor 1141. Relay 1230 
operates and a circuit is established from 
ground over conductor 1150, contact of re 
lay 1230, inner right back contacts of relays 
1209 and 1208, inner right contact of relay 
1207, inner left back contact of relay 1206, 
conductor 1241, contacts of relay 1228, con 
tacts of relay 1240, conductor 1242 to the 
winding of the vertical operating magnet 
415 to battery. Magnet 415 operates and 
prepares the contacts in the vertical row 
418 in which appears the called line 416. 
Magnet 415 also closes a circuit from ground 
through its contact, conductor 419, thence 
in parallel through the windings of multi 
contact relays 1220 and 316 to battery. 

Relay 316 connects the common test relays 
of the marker with the group of trunks 
leading from the switch 300 to the connector 
switch 400 and also closes a circuit for the 
vertical operating magnet 308. Magnet 308 
prepares the contacts in the associated row 
and closes a circuit from ground through 
its contact, contacts of relay 312, conductor 
320, winding of slow-to-release relay 1121 

1114 to the grounded 

1214, winding of 

to battery. Relay 1121 closes a circuit from 
battery through the winding of slow-to 
release. relay 1138, back contact of relay 
1137, conductor 1152, outer contact of relay 
1138 closes a circuit from ground over con 
ductor 1141, through the inner front contact 
of said: relay, conductor 1153, winding of 
slow-to-release relay 1123 to battery. Relay 
1123 operates and closes a circuit from bat 
tery through the winding of slow-to-release 
relay 1124, right front contact of relay 1123 
to the grounded conductor 1141. Relay 
1124, in turn, completes a circuit from bat 
tery through the winding of relay 1125, 
front contact of relay 1124, conductor 1154, 
outer right contact of relay 1114 to the 
grounded conductor 1140. Relay 1125 oper 
ates and locks through its inner right con 
tact to the grounded conductor 1154. 
The multicontact relay 1220 operates and 

connects the register 1201 to the connecting 
device 410. Relay 122) also closes a circuit 
from battery through the winding of relay 
1235, contact of relay 1220 to ground over 
conductor 1150. Relay 1235 completes a 
circuit from the grounded conductor 1151, 
contact of relay 1235. Outer right contact of 
relay 1210, outer right contact of relay 1213, 
outer right contacts of relays 1212 and 1211, 
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conductor 1248, contacts of relay 1220, con 
ductor 1244, winding of multicontact relay 
411 to battery. Relay 411 connects the test 
relays 1222, 1224, etc. with the horizontal 
links of the group having access to the called 
subscriber's line 416. - 
The testing operation will now be ex 

plained. If the first trunk 321 in the se 
lected group is busy, a circuit is closed from 
battery, through the right-hand winding of 
test relay 1134, inner right contact of re 
lay 1136, conductor 1155, contacts of relay 
316 to the busy test conductor 324 of the 
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trunk 321. If the link 303 associated with 
the trunk 321 is busy, a circuit is closed from 
battery through the left-hand winding of 

0. 

relay 1134, outer left back contact of relay . 
1136, contacts of relay 312 to the sleeve con 
ductor of the busy link 303. Either winding . 
of the relay 1134 is sufficient to operate the 
same. If the next trunk 322 or its associ 
ated link is busy, or both are busy, the cor 
responding test relay 1131 is operated in the 
same manner. Assuming, however, that the 
next trunk 323 and the link 305 are idle, the 
relay 1128 remains deemergized. Relays 
1134 and 1131, in operating, lock through 
their right windings and contacts, conductor 
1156, conductor 1152, outer contact of relay 
1121 to the grounded conductor 1141. Relay 
1134 closes a circuit from battery through 
the winding of relay 1135, left contact of re 
lay 1134 to the grounded conductor 1156. 
In a similar manner relay 1131 closes a cir 
cuit for relay 1132. 
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Another circuit may be traced from 
ground over conductor 1141, through the 
inner contact of relay 1121, conductor 1157, 
inner left front contacts of relays 1135 and 
1132, inner left back contact of relay 1129, 
winding of relay 1130 to battery. A circuit 
is now completed for the vertical operating 
magnet 413 of the connector switch 400. 
This circuit leads from ground over con 
ductor 1141 to the outer contact of relay 
1121, conductor 1152, outermost contact of 
relay 1130, middle contact of relay 1129, con 
tacts of relay 316, conductor 325, winding 
of vertical operating magnet 413 to battery. 
Magnet 413 prepares the associated contacts 
and also closes a circuit from ground 
through its contact, conductor 420, contacts 
of relay 316, conductor 326, winding of re 
lay 1137 to battery. Relay 1137 operates 
and opens the circuit of relay 1138. This 
latter relay, however, being slow requires an 
interval before it retracts its armatures. 
Relay 1137 also closes a circuit from battery 
through the winding of the horizontal test 
magnet 409, contacts of relay 411, conductor 
421, front contact of relay 1137 to the 
grounded conductor 1152. Magnet 409 op 
erates the test link 403 connecting the test 
conductor of the incoming trunk 319 to the 
test conductor of the called subscriber's line 
46 
While the aforegoing operations are talk 

ing place a test is made of the links 401, 
402, etc. to determine an idle one thereof. 
Assuming the link 401 is busy a circuit 
is completed from battery through the right 
hand winding of relay 1222, left contact of 
relay 1221, contact of relay 411 to the 
grounded sleeve conductor of the busy link 
401. Relay 1222 operates and locks through 
its left-hand winding to the grounded con 
ductor 1141. If the next link 402 is idle the 
corresponding test relay 1224 remains de 
energized. 
After the necessary interval, relay 1138 

releases and opens the holding circuit of re 
lay 1123. While relay 1123 is holding its 
armatures attracted a test circuit is closed 
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from battery, through the winding of test 
relay 1122, left contact of relay 1123, con 
ductor 1158, outer contact of relay 1138, 
middle right contact of relay 1130, outer 
most right contact of relay 1129, contacts of 
relay 316, conductor 327, over the sleeve con 
ductor of the trunk 319, through the test 
link 403 to the test conductor of the called 
line 416. Assuming the line 416 to be idle 
no potential is found on the test conductor, 
and consequently, the relay 1122 fails to op 
erate, After an interval relay 1123 releases 
and opens the circuit of relay 1124, While 
relay1124, which is slow to release, is de 
energizing, a circuit is closed from ground 
over conductor 1141, right back contact of 
relay 1123, right contact of relay 1122, 
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outer left contact of relay 1125, conductor 
1159, innermost right front contacts of re 
lays 1135 and 1132, innermost right back 
contact of relay 1129, left front contacts of 
relay 1130, thence over conductors 1160 and 
1161, contacts of relay 312, through the 
windings of the horizontal operating mag 
net 311 to battery. Magnet 311 operates the 
Selector switch 300 and immediately that the 
connection is effected, a circuit is closed from 
battery through the winding of relay 317, 
through contacts of the switch 300, thence to 
the grounded conductor 1141, over the path 
just traced. Relay 317 operates and locks to 
the grounded sleeve conductor of the incom 
ing trunk 211. Relay 317 closes a circuit for 
relay 318 which opens the circuit of the 
magnet 806. Magnet 306, in turn, opens the 
circuit of multicontact relay 312. The con 
nection through the switch 300 is now held 
by the horizontal magnet 311 which is locked 
in a circuit through its right winding, con 
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tacts of the switch 300, contact of relay 317 
to the grounded sleeve conductor of the 
trunk 211, 
Another branch of the above mentioned 

circuit leads through the inner left contact 
of relay 1125, conductor 1162, right front 
contact of relay 1222, right back contact of 
relay 1224, winding of relay 1223 to battery. 
Relay 1223 operates and the grounded con 
ductor 1162 is extended through the right 
contact of said relay, thence over conductor 
1245, contact of relay 411 left-hand winding 
of the horizontal operating magnet 408 to 
battery. Magnet 408 operates the connector 
switch 400 and locks through the right 
winding and contacts of the switch 400 to 
the grounded sleeve conductor of the trunk 
319, 
After an interval has elasped relay 1124 

releases. . Relay 1125 remains energized and 
a circuit is established from the grounded 
conductor 1154, back contact of relay 1124, 
outer right contact of relay 1125, winding 
of release relay 1119 to battery. Relay 
1119 closes a circuit for the relay 1117 which 
being slow to operate requires an interval 
in which to retract its armature. Relay 
1119 opens the circuit of relay 1118 which 
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removes ground from the conductor 1141, 
bringing about the release of the several re 
lays which have been held in circuits de 
pending upon this grounded conductor. 
While relay 1117 is operating a circuit is 
closed from ground through its contact, 
conductor 1140, right contact of relay 1119, 
conductor 1153, contacts of relay 1108, con 
ductor 1163, winding of relay 630 to battery. 
Relay 630 operates and locks through its 
inner left contact to the grounded conductor 
647. After an interval relay 1117 oper 
ates and removes ground from conductor 
1140 causing the release of the remaining 
operated relays and magnets. Relay 1108 
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is also released to disconnect the register 
The horizon 

tal test magnet 409 releases and disconnects 
the test link 403 from the subscriber's line 
and from the trunk 319. With the vertical 
magnets 306, 308, 413 and 415 deenergized 
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the connection is held through the switches 
300 and 400 by the maintained operation of 
magnets 311 and 408. 
When relay 630 operates a circuit is closed from battery through the windings of relay 

621, outer left front contact of relay 630, 
outer left contact of relay 629, outer left 
front contact of relay 632, conductor 639 to 
ground as above traced Relay 621 oper 
ates and locks temporarily through its inner 
right contact to the grounded conductor 639. 
Relay 621 completes a circuit from battery 
through the winding of slow relay 608, left 
front contact of relay 621 conductor 640 
to ground at the middle right contact of re 
lay 605. Relay 603, in operating at its 
right contact, opens the holding circuit of 
slow relay 600. As this is the only circuit 
by which relay 600 can be held at this time, 
said relay releases and in so doing opens 
the circuit of relay 605 which also releases. 
The release of these relays causes the re 
moval of ground from the several holding 
conductors and the consequent restoration 
of the register sender and its associated re 
lays. The removal of ground from the 
holding conductor 540 causes the release of 
the sender selector switch 500 for the pur 
pose of disassociating the sender from the 
incoming trunk 100. . 

Prior to the time the sender selector 
switch 500 releases to disconnect the Sender 
a circuit is closed from ground through the 
outer right front contact of relay 630, con 
ductor 658, outer left contact of relay 609, 
conductor 659, contacts of the switch 500, 
conductor 546, winding of relay 106 to bat 
tery. Relay 106 operates and locks through 
its right front contact to ground at the 
contact of slow relay 107. When, a short 
time later, the circuit of relay 102 is opened 
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and this relay deemergizes it opens the hold 
ing circuit of relay 107. Before relay 107, 
however, can restore, trunk 100 is extended 
through to the windings of the relay 104 
and this relay operates in series with the 
trunk which at this time may be under the 
control of the subscriber's receiver at the 
calling end. Relay 104, in operating, re 
closes the holding circuit for the relay 10 
and this relay remains energized to hold 
ground potential on the sleeve conductor 
115. 
In any well-known manner ringing cur 

rent may be applied to the called sub 
scriber's line and when in response to the 
ringing of his bell the called partly re 
moves his receiver, relay 105 is included in 
circuit with the called line. This relay 

receiver to release the relay 618. 

8 

operates the relay 103, which in the well 
known manner, reverses the flow of current 
back over the trunk 100 which may be used for any desired purpose. 
After conversation is completed the sub 

scribers replace their receivers on the switch 
hooks and relays 104, 105 and 103 become 
deenergized. Relay. 104 opens the circuit 
of relay 107, which in turn, releases and re 
moves ground from the holding conductor 
115. This results in the release of the hori 
Zontal operating magnets of the incoming 
switch 200, the group selector 300 and the 
connector switch 400, whereby these switches 
release to break down the connection. 

It will next be assumed that the called 
subscriber's line is busy at the time a test is 
made thereof. Since the called line is busy 
a ground potential exists on the sleeve con 
ductor thereof and the test relay 1122 is 
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operated in the circuit above traced. Relay 
1122 closes a circuit from the grounded con 
ductor 1141, through its outer left contact, 
conductor 1170, contacts of relay 1108, con 
ductor 1171, winding of relays 604 and 608 
in parallel to battery. These relays operate 
and lock through the innermost right con 
tact of relay 604 to the grounded conductor 
640. Relay 608 at its left contacts connects 
the busy tone apparatus 607 across the tip 
and ring conductors of the incoming trunk. 
A busy tone is, therefore, transmitted back 
over the calling line to notify the calling 
subscriber that connection cannot be ob 
tained. 
After an interval relay 1123 releases, but 

since relay 1122 is now operated, the above 
traced circuits for operating the selector 
switch 300 and the connector switch 500 are 
not completed. In the manner described re 
lay 1124 releases and operates the release 
relay 1119 which brings about a disconnec 
tion of the sender from the line marker. 
In this case, however, relay 621 remains 
deenergized since the operating circuit there 
for is opened at the outer right back contact 
of relay 604. Consequently the sender re 
mains connected to the incoming trunk until 
the calling subscriber recognizes the signifi 
cance of the busy tone and hangs up his 

Relay 618 
opens the holding circuit of relay 600 which 
brings about a release of the sender, sender 

stor and other apparatus in the incoming 
OCe. 

Establishment of a semi-mechanical 
connection. 

It will now be considered that a connec 
tion is to be established between trunk 1400 
incoming from a distant operator's position, 
through the switches 200, 300 and 400 to 
a called subscriber's line in the terminating 
office. For simplification in the description, 
the assumption will be made that the same 
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subscriber's lire 416 is desired having the 
number 1 3 2 6. In this case the operator 
in the distant office receiving the call com 
municates with the cordless operator whose 
position is shown in Figs. 13 and 14 over 
an order wire which is not illustrated herein. 
The originating or distant operator requests 
the assignment of an idle trunk by the cord 
less operator and also communicates to her 
the number of the called subscriber's line. 
Complying with this request the cordless op 
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erator assigns the trunk 1400 for use and at 
the same time depresses the assignment key 
1418. The depression of the assignment key 
1418 causes the contacts of the associated 
release key 1419 to close, these contacts being 
normally opened. When key 1418 is de 
pressed a circuit is completed from battery 
through the winding of relay 1408, left con 
tacts of key 1418 to ground. Relay 1408 
closes a circuit from ground through its 
inner right contact, winding of relay 1405 
to battery. Relay 1405 completes a circuit 
for lamp 1420 which burns steadily. Re 
lay 1408 locks in a circuit through the inner 
left contact of relay. 1408, inner left back 
contact of relay 1416, conductor 1424, left 
contacts of key 1419 to ground. 

Relay 1408 also closes a circuit from bat 
tery through the winding of relay 1409, 
outer left contact of relay 1408, conductor 
1422, outer left contact of relay 1810, re 
sistance 1331, right back content of relay 
1309 to ground at the right back contact of 
slow-release relay 1308. Relay 1409 operates 
in this circuit and associates the operator's 
keyboard and equipment shown in Fig. 13 
with the trunk 1400, the keyboard being 
common to a number of these trunks. Re 
lay 1409 locks through its inner upper con 
tact, conductor 1423, winding of relay 1309 
to ground at the right back contact of re 
lay 1308. Relay 1309 operates and relay 
1409 locks in this circuit. 
The operation of the key 1418 and the clos 

ing of the contacts of key 1419 results in the 
closure of a circuit for operating the sender 
selector switch 500 to associate the trunk 
1400 with an idle register sender. This 
circuit may be traced from ground through 
the left contacts of key 1419, conductor 
1424, conductor 1425, inner right back con 
tact of relay 1412, conductor 1426, lowermost 
back contact of relay 1410, conductor 1427, 
winding of relay 547 to battery. Relay 547 
is individual to the trunk 1400 in the sender 
selector switch and serves in identically the 
same manner as the relay 513 to bring about 
an operation of the sender selector to connect 
the trunk 1400 to an idle register sender. 
Since this operation has already been de 
scribed, it will not be repeated at this time. 
As soon as the sender is attached to the 
trunk a circuit is completed from ground 
over the conductor 540 as previously de 
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scribed, through the contacts of the sender 
selector switch 500 involving the link 508, 
for instance, thence over conductor 548, 
right contacts of key 1419, outer left con 
tact of relay 1403, conductor 1428, winding 
of relay 1410 to battery and in parallel 
through the middle lower contact of relay 
1409, conductor 1429, Willing of relay 1310 
to battery. Relay 1410 at its lowermost con 
tact opens the circuit of relay 54 resulting 
in the release of the operating relays in the 
selector switch 500. The sender selector is 
held from the sender over the grounded con 
ductor 540. 
When the cordless operator receives the 

designation of the called subscriber's line, 
which in the present case is number 1326, 
she proceeds to set this number up on her 
keyboard. Accordingly, she depresses the 
No. 1 key 1332 in the row 1300, the No. 3 
key 1333 in the row 1301, the No. 2 key 
1334 in the row 1302 and the No. 6 key 1335 
in the row 1303. These keys are of the 
locking type and remain depressed until 
they are released by the key release magnets 
1304, 1305, 1306 and 1307. The contacts 
1336, 1337, 1338 and 1339 are common to 
the rows 1300, 1301, 1302 and 1303, respec 
tively, and operate whenever any key of 
these rows is depressed. When a key in 
each row has been depressed as above men 
tioned a circuit is completed from ground 
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through the contacts 1336, 1337, 1338 and . 
1339, through the inner right front contact 
of relay 1310, conductor 1340, inner lower 
contact of relay 1409, thence through the 
winding of relay 1416 and in parallel 
through the inner upper contact of relay 
1410 and the lower winding of relay 1415 to 
battery. Relay 1415 completes a circuit 
from battery through the lamp 1421, inner 
lower front contact of relay 1415, inmer 
right contact of relay 1416, inner lower con 
tact of relay 1410, through the interrupter 
1430, to ground. The interrupter 1430 
causes the lamp 1421 to flicker. Relay 1416 
releases relays 1408 and 1405 and the latter 
opens the circuit of lamp 1420. 
Another circuit is completed from ground 

through the contacts 1336, 1337, etc., thence 
through the left contact of relay 1309, wind 
ing of relay 1329 to battery. Relay 1329 
operates and prepares the mechanism in 
Fig. 13 for transmitting codes of impulses 
in accordance with the depressed keys to 
establish the record of the called line on 
the registers of the associated sender. Relay 
1329 completes a circuit from ground 
through the right back contact of relay 1308, 
right front contact of relay 1309, inner left 
front contact of relay 1310, conductor 1341, 
middle right contact of relay 1329, inner 
right back contact of relay 1327, outer right 
contact of relay 1326, inner right contact of 
relay 1325, left back contact of relay 1327, 
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left-hand windings of relays 1328 and 1327 
to battery. Relay 1328 operates in this cir 
cuit, but relay 1327 being marginal does not 
receive sufficient current to attract its arma tures. Relay 1328, in operating, completes 
a circuit from battery through the left-hand winding of relays 1327 and 1328, right-hand 
winding of relay 1327, inner right contact 
of relay 1328 to the grounded conductor 
1341. The right-hand winding of relay 
1327, however, being shunted by the above 
traced circuit, this relay does not operate. 
Relay 1328 completes a circuit from ground 
through its outer right contact, conductor 
1342, back contact of relay 1321, outer right 
back contact of relay 1313, winding of l'elay 
1312 to battery. Relay 1312 operates and 
closes a circuit from battery through its wind 
ing and inner left contact, winding of relay 
1821 to ground over conductor 1342. Relay 
1321, however, being shunted by the circuit 
above traced, does not operate at this time. 

Relay 1329 also completes a circuit from 
ground through the outer right contact of 

5 relay 1310, conductor 1343, inner right con 
tact of relay 1329, conductor 1344, left back 
contact of relay 1324, winding of relay 1323 
to battery. The relays 1323 and 1324 are 
constructed to operate and release slowly and 
in conjunction with each other they serve 
to measure intervals of time for the purpose 
of creating and transmitting impulses in ac 
cordance with the setting of the keys on the 
operator's keyboard to represent the different 
digits of the wanted subscriber's line. Relay 
1323, therefore, operates slowly in the above 
traced circuit and on completing its opera 
tion closes a circuit from battery through the 
winding of relay 1324, inner left contact of 
relay 1323 to the grounded conductor 1344. 
Relay 1324 energizes in this circuit and op 
erates slowly. When relay 1324 is fully 
operated a circuit is closed from bat 
tery through the winding and normal 
contact of relay 1322, outermost right 
front contact of relay 1324 to the ground 
ed conductor 1344. Relay 1322 operates 
and locks through its inner left front con 
tact to ground over conductor 1344. When 
relay 1324 completes its operation it closes a 
circuit from battery through a resistance, 
through its middle right contact directly to 
the grounded conductor 1344. This circuit 
being in shunt of the relay 1323, the latter 
relay commences to-release slowly. When 
relay 1323 is fully released it closes a circuit 
from battery through a resistance, through 
its right back contact directly to the 
grounded conductor 1344 in shunt of the 
winding of relay 1824. Therefore relay 
1323 commences to deenergize slowly. In 
this manner the relays 1323 and 1324 operate 
in succession and release in succession to 
measure intervals of time. 
While the relays 1323 and 1324 are releas 

ing a circuit is completed from ground or 
the positive pole of battery, through the cut 
er right contact of relay 1322, conductor 1350, 
outer left contact of relay 1329, conductor 
1351, right normal contacts of relay 1330, 
conductor 1352, middle upper contact of 
relay 1409, conductor 1431, contacts of the 
sender selector 500, conductor 543, thence as 
above traced through the windings of relays 
627, 633 and 634 and returning over con 
ductor 542, through the sender selector switch 
500, conductor 1432, uppermost contact of 
relay 1409, conductor 1353, left normal con 
tacts of relay 1330, left back contact of relay 
1326, outer right contact of relay 1329, left 
back contact of relay 1313, contacts of key 
1332, high resistance 1354 to the opposite 
pole of battery. After the relays 1323 and 
1324 have fully released as above explained, 
a circuit is closed from the grounded con 
ductor 1344, through the outer right back 
contact of relay 1324, outer left contact of 
relay 1322, conductor 1345, left back contact 
of relay 1325, left-hand winding of relays 
1326 and 1325 to battery. When relay, 1326 
operates it opens the shunt circuit around 
the right-hand winding of relay 1327 and 
this relay operates in series with relay 1328. 
Relay 1327, in operating, completes a circuit 
from battery through the winding of relay 
1313, outer left contact of relay 1312, con 
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ductor 1346 outer right contact of relay . . 
1327, conductor 1347 to the grounded con 
ductor 1341. Relay 1313 operates and locks 
directly to the conductor 1347. Relay 1313 
at its Outer right contact opens the shunt 
around the winding of relay 1321 and this 
relay operates in series with relay 1312. 
Another circuit is completed from battery 
through the resistance 1348, conductor 1349, 
winding of relay 1330, outer left contact of 
relay 1323, inner right contact of relay 1324, 
inner right contact of relay 1322 to the 
grounded conductor 1344. Relay 1330 op 
erates and locks in a circuit from battery 
through resistance 1348, conductor 1349, 
winding and inner left contact of relay 1330 
to the grounded conductor 1344. 
Next the relays 1323 and 1324 operate in 

succession. Relay 1324, in operating, re 
moves ground from conductor 1345, where 
upon relay 1325 is permitted to operate in 
series with relay 1326. While relays 1323 
and 1324 are operating at this time a circuit 
is closed from the positive pole of battery 
over conductor 1350, outer left contact of re 
lay 1329, conductor 1351, left front contacts 
of relay 1330, thence over the conductor 
1853, through the polarized relays in the 
Sender, as explained, and returning over 
conductor 1352, through the right front con 
tacts of relay 1330, conductor 1356, through 
the high risistance 1354 to the opposite pole 
of battery. 
After the relays have fully operated a 
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circuit is closed from battery through the 
resistance 1348, middle left contact of relay 
1322, outer right front contact of relay 1324 
directly to E. grounded conductor 1344. 
This circuit shunts the relay 1330 which re 
leases and interrupts the impulse being trans 
mitted to the sender. 
Next the time measuring relays 1323 and 

1324 release in succession, at the end of 
which period a circuit is closed from the 
grounded conductor 1344, outer right con 
tact of relay 1324, outer left contact of relay 
1322, conductor 1345, left front contact and 
left-hand winding of relay 1325 to battery. 
This circuit shunts the relay 1326 which re 
leases. Moreover, the above traced circuit is 
closed for the operation of relay 1330. 

Next the relays 1323 and 1324 operate in 
succession and during this period a circuit 
is closed from positive pole of battery over 
conductor 1351, thence through the left front 
contacts of relay 1330, over conductor 1353 
as traced through the sender and returning 
over conductor 1352 through the right front 
contacts of relay 1330, conductor 1356 and 
resistance 1354 to battery. Thus another 
impulse of negative polarity and weak in 
character is transmitted from the operator's 
keyboard to the sender. At the end of this 
impulse period ground is removed from con 
ductor 1345 whereupon relay 1325 releases. 
A circuit is now closed from battery through 
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the left-hand winding and left front con 
tact of relay 1327, inner right contact of 
relay 1325, outer right contact of relay 1326, 
inner right front contacts of relays 1327 anut 
1328 to the grounded conductor 1341. This 
circuit shunts the relay 1328, which releases, 
and opens the circuit of relay 1327 which 
also deemergizes. Moreover, the relay 1330 
is shunted as above explained and retracts 
its armatures. Thus the necessary code im 
pulses have been transmitted from the op 
erator's keyboard through the sender selec 
tor switch to the sender for recording on 
the registers of the sender the first digit of 
the wanted subscriber's line. When relay 
1328, releases it opens the holding circuit of 
relays 1312 and 1321. Relay 1312 at its 
right contact disconnects the control con 
ductors from the first set of keys 1300. 
Immediately that the timing relays have 

been restored as above explained, relay 1328 
is reenergized as previously explained. Re 
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lay 1328 closes a circuit from ground through 
its outer right contact, conductor 1342, con 
tact of relay 1341, outer right front contact 
of relay 1313, outer right back contact of 
relay 1315, winding of relay 1314 to bat 
tery. Relay 1314 operates and closes a hold 
ing circuit for itself in series with relay 
1321, but this latter relay being shunted 
does not operate. Next the relays 1323 and 
1324 undergo release. During this period 
a circuit is closed from the positive pole of 

1,558,847 

battery over conductor 1351, thence through 
contacts of relay 1330, over conductor 1352 
as traced and returning over conductor 1353 
through the normal contacts of relay 1330, 
left back contact of relay 1326, outer right 
contact of relay 1329, left front contact of 
relay 1313, left back contact of relay 1315 
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contacts of key 1833, conductor 1356, high 
resistance 1854 to the opposite pole of bat 
tery. After relays 1323 and 1324 have re 
leased, relays 1326, 1327 and 1330 are oper 
ated as heretofore explained. Relay 1330, 
in operating, interrupts the impulse being 
transmitted to the sender. 
operating, closes a circuit from ground over 
conductor 1347, through the outer right con 
tact of relay 1327, conductor 1346, left con 
tact of relay 1314, winding of relay 1315 to 
battery. Relay 1315 operates and locks and 
also permits relay 1321 to operate in series 
with relay 1314. 
Next the relays 1323 and 1324 undergo 

operation and during this period a circuit 
is closed from positive pole of battery over 
conductor 1351, and thence as traced over 
conductor 1353 to the sender and returning 
over conductor 1352, front contacts of relay 
1830, outer right back contact of relay 1325, 
conductor 1357, inner right contact of relay 
1314, left contacts of key 1333, low resistance 
355 to battery. In this case a heavy im 

pulse of negative polarity is transmitted to 
the sender. Relay 1325 operates and relay 
1330 releases. 
Next the relays 1323 and 1324 release at 

the end of which time relay 1326 releases 
and relay 1330 operates. 
Next the relays 1323 and 1324 operate. 

During this period a weak negative impulse 
is transmitted to the sender in the manner 
above explained. At the end of the period 
relays 1325, 1328, 1327 and 1330 become de energized. 
When relay 1328 again operates it closes 

a circuit from ground through its outer 
right contact, conductor 1342, contact of re 
lay 1321, right front contacts of relays 1313 
and 1315, outer right back contact of relay 
1317, winding of relay 1316 to battery. 
Relay 1316 operates and prepares a circuit 
for itself and relay 1321, but the latter re 
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lay being shunted remains deenergized. The 
apparatus is now ready to transmit code 
impulses representing the third digit. 
When relays 1323 and 1324 have released, 

relays 1326, 1327 and 1330 become operated. 
Relay 1327, in operating connects ground 
over conductor 1346, through the outer left 
contact of relay 1316, winding of relay 1317 
to battery. Relay 1317 locks to conductor 
1347 and opens the shunt to permit relay 
1321 to operate in series with relay 1316. 
Next relays 1323 and 1324 operate and 

during this period a circuit is closed from 
the positive pole of battery over conduc 
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tors 1350 and 1351, thence over conductor 
1353 to the sender and returning over con 
ductor 1352, through the right front contact 
of relay 1330, outer right back contact of 
relay 1325, conductor 1857, inner right con 
tact of relay 1316, left contacts of key 1884, 
low resistance 1355 to battery. A heavy 
negative impulse is transmitted in this cir 
cuit. Following the impulse period relay 
1325 operates and relay 1330 releases to 
interrupt the impulse. 
Next the relays 1323 and 1324 release, 

at the end of which time, relay 1326 releases 
and relay 1330 operates. 
Following this relays 1323 and 1824 oper 

ate and during the period of their operation 
a light negative impulse is transmitted to 
the sender in the manner above described. 
After relays 1323 and 1324 have fully oper 
ated relays 1325, 1328, 1827 and 1330 become deemergized. 

Relay 1328 immediately operates again 
and in so doing ground potential is connect 
ed over conductor 1342, through the contact 
of relay 1321, outer right front contacts of 
relays 1313, 1315 and 1317, outer right back 
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contact of relay 1319, winding of relay 1818 
to battery. Relay 1318 operates and pre 
pares a circuit for itself and relay 1321. 
Next the relays 1323 and 1324 release and 
during this interval a circuit is closed from 
positive pole of battery, over conductor 1351, 
normal contact of relay 1330, conductor 1552 
to the sender and returning over the con 
ductor 1353, left normal contacts of relay 
1330, left back contact of relay 1326, outer 
right contact of relay 1329, left front con 
tacts of relays 1313, 1315 and 1317, left back 
contact of relay 1319, contacts of key 1335, 
conductor 1356, high resistance 1354 to the 
opposite pole of battery. A light positive 
impulse is transmitted to the sender in this 
circuit. When relays 1323 and 1324 have 
released relays 1326, 1327, 1330 become oper 
ated. Relay 1337 in the manner above ex 
plained completes a circuit for relay 1319 
and relay 1321 operates in series with re 
lay 1318. 
Next the relays 1323 and 1324 are oper 

ated and during the interval they are being 
operated, a light negative impulse is trans 
mitted over the circuit to the sender. When 
these relays have operated relay 1325' ener 
gizes and relay 1330 releases to interrupt 
the impulse. 
Next relays 1323 and 1324 become deemer 

gized, following which, relay 1326 releases 
and relay 1330 operates. 

Lastly, relays 1323 and 1324 operate and 
during this period a circuit is closed from 
positive pole of battery over conductor 1351, 
left front contact of relay 1330, over con 
ductor 1353 to the sender and returning 
over the conductor 1352, right front con 
tacts of relay 1330, right front contact of 

a 7 

relay 1325, outer right contact of relay 1318, 
left contacts of key 1335, low resistance 1355 
to the opposite pole of battery. A heavy 
negative impulse is transmitted over this 
circuit to the sender. 
Thus, the record set up on the operator's 

keyboard has been transmitted to the reg 
isters 700, 701, 800 and 801 of the sender. 
These registers take identically the same 
settings as in the case previously described 
since the number of the wanted number is 
the same. Immediately following the trans 
mission of the last code impulse, relay 1328 
operates in the manner above described and 
completes a circuit from ground over its 
outer right contact, conductor 1342, contact 
of relay 1321, outer right front contacts of 
relays 1313, 1315, 1317 and 1319, outer right 
back contact of relay 1320, winding of re 
lay 1311 to battery. Relay 1311 operates 
and prepares a circuit for itself in series 
with the winding of relay 1321. When sub 
sequently, relay 1327 operates a circuit is 
closed from battery through the winding of 
relay 1320, outer contact of relay 1311, con 
ductor 1346, outer right contact of relay 
1327 to the grounded conductor 1347. Re 
lay 1320 operates and removing the shunt 
permits relay 1321 to operate in series with 
relay 1311. 
opens the circuit of relays 1311 and 1321. 
The next time relay 1328 operates the cir 
cuit extending over conductor 1342 now leads 
through the contacts of relays 1321, 1313, 
1315, 1317, 1319, through the outer right 
front contact of relay 1320, winding of relay 
1308 to battery. Relay 1308 operates and 
locks through its left contact and thence 
in parallel through contacts of the operated 
keys 1332, 1333, etc. to ground. Relay 1308 
opens the circuits of relays 1309 and 1329. 
Relay 1329 renders the impulse sending 

When relay 1328 releases it 
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mechanism ineffective to transmit further 
impulses. Relay 1308 at its right front 
contact closes parallel circuits for the 
key release magnets 1304, 1305, 1306, 1307 
and 1358. These magnets energize and 
restore the operated keys in their respec 
tive rows. After the last key has been 
restored all parallel branches of the op 
erating circuit of relay 1308 are opened 
and this relay releases. Relay 1308 being 
slow to release, maintains its armatures at 
tracted for an appreciable interval. While 
relay 1308 is operated to open the holding 
circuit of relay 1309 it also opens the circuit 
of relay 1409. Relay 1308 also removes 
ground from conductor 1341 whereby all 
energized relays depending upon this con 
ductor are restored to normal. 

Relay 1409, in releasing, disconnects the 
operator's keyboard from the trunk circuit 
1400 whereby the relay 1310 becomes deen 
ergized. 3. 

If at this time the operator at the origi 
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nating office has inserted her plug in the 
jack of the trunk 1400 outgoing therefrom, 
a circuit is completed from battery through 
the right-hand winding of relay 1406, right 
normal contacts of relay 1404, lower left 
winding of repeating relay 1401, inner right 
back contact of relay 1403, over the ring side 
of the trunk 1400 and returning over the tip 
side of the trunk to the outer right back con 
tact of relay 1400, upper right winding of re 
eating coil 1401, left normal contacts of re 

E. 1404, left-hand winding of relay 1406 
to ground. Relay 1406 operates and closes 
circuits for the upper and left hand wind 
ings of relays 1415 and 1417 respectively. 
Relay 1417 locks through its right winding 
to the grounded conductor 1425. 
In the manner fully explained hereinbe 

fore the register sender is attached to the 
incoming and line markers and these de 
vices operate to control the selective actuation 
of the switches 200, 300 and 400 to extend 
the trunk.1400 to the called subscriber's line 
416. After the line marker has performed 
its functions and relay 630 operates as above 
described a circuit is completed from ground 
through the outer right contact of said re 
lay thence over conductors 658, left back con 
tact of relay 609 conductor 659, through the 
switch 500, conductor 549, outer right back 
contact of relay 1408, winding of relay 1412 
to battery. Relay 1412 operates and locks 
to the grounded sleeve conductor 1425. It 
will be noted that the relay 1408 and relay 
1405 are released at this time since the oper 
ator has released the assignment key 1418 
and since relay 1416 is operated. The cont 
tacts of the release key 1419, however, still 
remain closed. Relay 1412 at its left con 
tacts completes the tip and ring conductors 
of the trunk through to the right-hand wind 
ings of the repeating coil 1401. 

In the manner fully described hereinbe 
fore the register sender and sender selector 
switch 500 are restored to their normal posi 
tions following the completion of the func 
tions of the line marker. When the sender 
and sender selector switch are released, 
ground potential is removed from the con 
ductor 548 and, consequently, relay 1410 re 
leases. Relay 1410 disconnects the lamp 
1421 from interrupter 1430 and connects the 
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same to ground. The lamp 1421 discontinues 
flickering and burns steadily. 
... Ringing current is now applied to the 
called subscriber's line. To accomplish 
this the operator in the distant office by any 
well-known device transmits ringing current 
over the trunk 1400. This results in the 
operation of the ringing current responsive 
relay 1402. When relay 1402 operates a 
circuit is closed from battery through the 
winding of relay 1411, contact of relay 1402 
to ground at the back contact of relay 1407. 
Relay 1411 locks through its inner lower 
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contact, contacts of relays 1418 and 1414 to 
grounded conductor 1424. The circuit for 
applying ringing current to the called line 
maybe traced from the ringing source 1433 
to the winding of relay 1414, lower front 
contact of relay 1411, inner left contact of 
relay 1412, thence over the ring side of the 
line through the subscriber's station and 
returning over the tip side of the line 
through the outer left front contact of re 
lay 1412 to ground at the uppermost front 
contact of relay 1411. 
subscriber answers relay 1414, which nor 
mally remains inert, operates and opens 
the following shunt circuit which has up to 

When the called 
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this time existed around the winding of re. . 
lay 1413: battery through the winding of 
relay 1411, inner lower contact of said relay, 
back contact of relay 1413, contact of relay 
1414 to the grounded conductor 1424. Relay 
1413 thereupon operates and a circuit is 
closed from battery through resistance 1434, 
front, contact and winding of relay 1413 to 
the grounded conductor 1425. Relay 1413 
locks and shunts out the relay 1411 which 
releases, and disconnects ringing current 
from the line. When relay 1411 releases 
relay 1407 is included in series with the 
called line and operates to close a circuit for 
relay 1404. This relay disconnects the 
supervisory battery supply from the incom 
ing énd of the trunk 1400, and talking cur 
rent is supplied from the distant office in 
the usual manner. 
When conversation is completed the called 

subscriber in hanging up his receiver opens 
the circuit of relay 1407. This relay opens 
the circuit of relay 1404 which reconnects 
the windings of relay 1406 to the incoming 
tip and ring conductors of the trunk 1400. 
If the operator at the distant office has 
disconnected at this time or when she does 
disconnect, relay 1406 releases and opens the 
circuit of relay 1415. Relay 1415 releases 
and closes a circuit through the supervisory 
lamp 1420, inner upper back contact of relay 
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1415, middle right contact of relay 1416, 
left front contact of relay 1417, interrupter, 
1435 to ground. A similar circuit is also 
closed for the lamp 1421. These lamps flash 
to advise the cordless operator that the con nection is no longer required and according 
ly she manipulates the key 1419 to release 
the connection. Key 1419 disconnects 
ground potential from the conductors 1424 
and 1425 whereupon the operated switches 
are restored to their normal positions. 
A description will now be given of the 

manner in which the apparatus operates in 
case the called line is found busy when a 
connection of the aforegoing class is being 
established. At the time the sender is first 
connected to the incoming trunk and the 
ground potential is placed on conductor 643 
a circuit is completed from battery through 
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the winding of relay 609, conductor 661, 
inner right back contact of relay 703 to 
ground, on conductor 643. Relay 609 com 
pletes a circuit from battery through the 
winding of relay 623, conductor 662, left 
front contact of relay 609, conductor 659, 
through the sender selector switch 500, con 
ductor 549, outer right front contact of re 
lay 1408 to ground. Relay 623 operates and 
closes a circuit from battery through the 
winding of relay 619, outer right front con 
tact of relay 623 to ground on conductor 646. 
Relay 619 operates and locks directly to the 
grounded conductor 640. Another circuit is 
closed from battery FE relay 626, inner 
right front contact of relay 609, conductor 
657, through switch 500, conductor 550, left 
front contact of relay 1405 to ground. Re 
lays 623 and 626 complete a circuit from battery through the winding of relays 628, 
left front contact of relay 626, inner right 
front contact of relay 623 to the grounded 
conductor 646. A circuit is now closed 
through relay 611, right front contact of re 
lay 628 to grounded conductor 647. Relay 
611 operates and locks to the grounded con 
ductor 647. 
Since the called line is busy when the test 

is made relays 604 and 608 are operated in 
the manner above described. A circuit is 
now closed from ground through the outer 
left contact of relay 619, conductor 663, in 
nermost right contact of relay 608, left back 
contact of relay 609, conductor 659, through 
the sender selector 500, conductor 549, outer 
right back contact of relay 1408, winding of 
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relay 1412 to battery. Relay 1412 operates 
and locks to the grounded sleeve conductor 
1425. It will be noted that relay 609 has 
released by this time since its circuit is 
opened by the relay 703 which operates when 
the first digit is transferred from the op 
erator's keyboard to the sender. It will also 
be noted that the relay 1408 is released since 
the operator has, previously to this time re 
leased her assignment key 1418. Still an 
other circuit is closed from ground over con ductor 663, through the middle right con 
tact of relay 608, inner right back contact 
of relay 609, conductor 657, through the 
sender selector switch 500, conductor 550, 
outer right front contact of relay 1412, left 
hand winding of relay 1403 to battery. Re 
lay 1403 operates and extends the tip and 
ring conductors of the incoming trunk 1400 
over conductors 1431 and 1432, through the 
sender selector 500 to conductors 543 and 542, 
front contacts of relay 606, left-hand arma 
Es of relay 608 to the busy tone apparatus 
607. 

It will also be noted that relay 610 is op 
erated in a circuit through its winding to 
ground at the outer right contact of relay 
611. Relay 610 at its front contacts extends 
the tip and ring conductors of the incoming 
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trunk through the left contacts of relay 611 
to the windings of relay 615. The busy tone. 
apparatus 607 being connected across to the 
tip and ring conductors a tone is transmitted 
back over the incoming trunk to the distant 
office. While this condition prevails, relay 
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617 is intermittently operated and released 
in a circuit from battery through its wind 
ing, through the middle right contact of re 
lay 604, interrupter 660, to ground. Re 
lay 617 at its left contact opens and closes 
a circuit through contact of relay 611, wind 
ing of relay 614. Relay 614 holds relay 
615 but removes battery and ground from 
the trunk to control supervision at the dis tant office. This expedient may be used in 
any well-known manner to cause an inter 
mittent signal at the distant office to advise 
that the called subscriber's line has been 
found busy. 
During this period relay 615 applies 

ground to conductor 651 to hold relay 600 
to prevent the sender from releasing. 
- When the operator at the distant office 
disconnects the relay 615 releases and removes 
ground at its left contact from conductor 
651 and causes the sender to release in the 
manner above described. The switches and 
other apparatus taken in connection with the 
unsuccessful call may be released by the op 
erators as previously explained. 
What is claimed is: 
1. In a telephone system, a selective switch 

having a plurality of link circuits, trunks 
terminating in said switch serving for the 
said switch, other trunks terminating in 
said switch serving for the extension of con 
nections manually to said switch, and a reg 
ister sender mechanism for controlling said 
switch to further extend any of said trunks 
over one of said links. 

2. In a telephone system, a selective switch, 
trunks terminating in said switch serving 
for the extension of connections automati 
cally to said switch, other trunks terminat 
ing in said switch serving for the extension 
of connections manually to said switch, 
trunks outgoing from said switch, said switch 
having a plurality of links for interconnect 
ing said first mentioned trunks with said 
outgoing trunks, and a register sender 
mechanism for controlling said switch to ex 
tend any of said automatic or manual trunks 
over one of said outgoing trunks. 

3. In a telephone system, 
switches, an automatic device for extending 
connections to said switches, means includ ing an operator's position for extending 
other connections to said switches, a plu 
rality of senders, a marker controlling mech 
anism associable with any one of said 
senders, means for connecting any one of 
said senders to any one of said extended con 
nections, and means, controlled by said 
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marker for operating said switches to 
further extend such connections. 

4. In a telephone system, a series of selec 
tive switches, means for extending con 
nections in the direction of said switches 
automatically, means including an opera 
tor's position for extending other connec 
tions in the direction of said switches, a 
register sender a plurality of marker mechan 
isms each associable with a different switch 
in said series, means for connecting said 
sender to any of said connections, and means 
for connecting said sender to said markers 
in succession for controlling said switches 
to further extend the connection. 

5. In a telephone system, a selective 
switch, trunks of different classes incoming 
to said switch, automatic means for extend 
ing connections over trunks of one class, 
means under the control of an operator for 
extending connections over trunks of 
another class to said switch, and a register 
sender mechanism automatically associable 
with any of said trunks over which a con 
nection is extended for controlling said auto 
matic switch to further extend the connec 
tion. 

6. In a telephone system, a single auto 
matic selective switch, a trunk over which 
connections are extended automatically ter 
minating in said switch, a second trunk 
over which connections are extended under 
the control of an operator terminating in 
said switch, and a register sender mech 
anism for controlling the selective operation 
of said switch to further extend said trunks. 

7. In a telephone system, a coordinate 
selective switch, a number of trunks, of one 
class terminating in said switch, a number 
of trunks of another class also terminating 
in said switch, and a common register con 
trolling mechanism for governing the opera 
tion of said switch to extend any of said 
trunks. 

8. In a telephone system, a selective 
switch, an operator's trunk incoming to said 
switch, a plurality of register senders, a 
sender selector for connecting said trunk 
to any of said senders, an operator's posi 
tion, means controlled by the operator for 
sending code impulses from her position 
through the Sender selector to set the con 
nected sender, and means controlled by 
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said sender for selectively operating said 
selective switch. 

9. In a telephone system, selective 
switches, a circuit incoming to said switches 
over which connections are extended auto 
matically, another circuit incoming to said 
switches over which connections are ex 
tended under the control of an operator, a 
register sender, an automatic switch for 
connecting said sender to either of said 
incoming circuits, means controlled over cir 
cuits extending through said automatic 
Switch for setting said sender, and means 
controlled by said sender for operating said 
selective switches to further extend the in 
coming circuits. -- 

10. In a telephone system, selective 
Switches, a circuit incoming to said switches 
over which connections are extended auto 
matically, another circuit incoming to said 
Switches over which connections are ex 
tended under the control of an operator, 
a plurality of register senders, an automatic 
Switch for connecting one of said senders 
to either of said incoming circuits in re 
sponse to the extension of a connection 
thereover, means for sending code impulses 
through said automatic switch for setting 
said senders, and means under the control 
of a sender taken for use for operating said 
selective switches to further extend either 
of said incoming circuits. 

11. In a telephone system, selective 
Switches, a circuit incoming to said switches 
over which connections are extended auto 
matically, an operator's position having a 
keyboard thereat, another circuit incoming 
to said switches over which connections are 
extended under the control of the operator, 
a register sender device, an automatic 
Switch for connecting said sender device to 
either of said incoming circuits, means for 
transmitting impulses either over said first 
incoming circuit or from said operator's 
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keyboard through said automatic switch to 
position said sender, and means controlled by 
the sender for operating said selective 
switches to further extend either of said 
incoming circuits. 
In witness whereof, I hereunto subscribe 

my name this 14th day of August A. D., 
1923. 

SAMUEL B. WILLIAMS. 
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