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UNITED STATES 
1,525,787 

PATENT OFFICE. 
sAMUEL B. WILLIAMS, J.R., OF BROOKLYN, NEW YORK, ASSIGNOR To wESTERN ELEC 

TRIC CoMPANY, INCORPORATED, OF NEW YORK, N.Y., A coRPORATION of NEw 
YORK 

TELEPHONE SYSTEMI. 

Application filed October 23, 1922. Serial No. 596,178. 

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

Jr., a citizen of the United States, residing 
at Brooklyn, in the county of Kings, State 

5 of New York, have invented certain new and 
useful Improvements in Telephone Sys 
tems, of which the following is a full, clear, 
concise, and exact description. 

This invention relates to telephone sys 
tems and particularly, to coordinate machine 
Switching systems. 

It is the object of this invention to 
vide an exchange system of large capacity 
which will utilize a minimum of apparatus 
and which will operate rapidly and effi 
ciently. 

It is more specifically the object of this 
invention to provide a coordinate machine 
switching system wherein rapid operation is 
obtained through the entire elimination of 
trunk, hunting operations and wherein the 
sendel's are simplified by employing auxil 
iary apparatus less numerous than the Send 
ers for performing several functions hereto 
fore performed by the senders. 
A further object is to provide a system 

of definite capacity in line numbers and in 
definite capacity in lines. 
A feature of the present invention resides 

in means for serving an indefinite number 
of lines in an exchange of definite capacity 
as measured by the possible number of line 
numbers available. For instance, in an ex 
change working on the decimal basis and 
equipped with apparatus responding to four 
digit designations, but ten thousand lines 
number are available. . In the present sys 
tem, however, through the use of un num 
bered lines, this capacity may be increased 
many times. This is accomplished by fur 
nishing service to a subscriber such as one 
employing a private branch exchange over a 

O 
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group of lines, at least one of which is a 
numbered line and the rest of which may be 
unnumbered lines. 

Subscribers' lines radiating from the ex 
change are all connected to equivalent ter 
minal sets and from there cross-connected to 
other terminal sets associated with a switch 
ing device. In this manner lines widely 
scattered in the switching device may be 
closely grouped on the outgoing terminal 
rack. This arrangement places the line 
switches on a nÓfrenumerical basis. 

45 

pro 

The switching devices for extending con 
nections to called lines are under control of 
a device known as a marker. In the present 
instance, connection is made to a called line 
by marking it, that is, setting up a condi 
tion similar to a calling condition, whereby 
the same switches used for extending a line 
when calling, are now used to extend the 
called line to a predetermined point. The 
agency used is a marker wire individual to 

I the line. 
One marker wire may serve a plurality of 

lines, each of which may or may not have its 
own individual marker wires. Those lines 
which do have marker wires are known as 
numbered lines, and those which do not are 
known as unnumbered lines. 
A plurality of lines may be associated in 

55 

60 

65 

70 

a group by extending the marker wire of the 
first through a starter wire circuit to equiva 
lent points of the others, and these lines may 
be promiscuously scattered, or closely asso 
clated, and groups thus formed may com 
prise one numbered line and a plurality of 
unnumbered lines, or several numbered lines 
and several unnumbered lines, or may even 
exclusively comprise numbered lines. 

75 

80 

Another feature of the present invention 
resides in the use of a common sender for 
controlling a marker at each of several se 
lective stages and therethrough controlling 
the switching devices comprising the essen 
tial elements of such switching stages. 
Another feature of this invention is the 

provision of means for setting the sender at 
one office, controlling a marker, and there 
through setting a switch, in accordance with 
a part only of the designation recorded in 
the sender and then transferring the record 
to the sender of another office. 
One feature of this invention is the pro 

vision of means in the marker for translat 
ing a part of the record in the sender and in 
response thereto transmitting a class of ser 
vice indication back to the sender to control 
the subsequent action of the said sender. 
Another features resides in the means in 

the sender responsive to the discovery of a 
busy condition for transmitting a busy tone 
to the calling line. . 
Other features will appear hereinafter The drawings consists of thirty-nine 

sheets numbered Fig. 5 to Fig. 43, inclusive, 
showing the circuits in diagrammatic form 
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20 

25 

to 43 inclusive) 

a 

which are employed in one embodiment of 
this invention. Two additional sheets are 
also employed to show the manner in which 
the separate circuit diagrams are matched 
to form complete circuit arrangements illus 
trating different kinds of connections which 
may be established. Fig.1 shows the ar 
rangement of the circuit diagrams (Figs. 5 

when an interoffice connec 
tion through a mechanical switching center 
is established. Fig. 2 shows the same fig 
ures similarly placed, but containing, in 
stead of the figure numbers, the title of the 
subject matter disclosed therein. This fig 
ure is employed to replace the usual de 
scription of the figures, since it is thought 
that such a device will better convey an 
understanding of the present arrangement 
than giving a mere list of such titles. As an 
illustration, the block corresponding to Fig. 
5 is entitled “Subscriber's line and primary 
line switch' and illustrates the arrangement 
employed in this invention by the showing 
of two calling subscribers' lines, and the pri 
mary line switch used in extending the said 
lines. This figure also illustrates the master 
switch which is in fact a necessary part of the 
primary line switch. Fig. 3 is similar to Fig. 

30 

40 

50 

(30 

65 

1 with the exception that Figs. 17 to 26, in 
clusive, and Fig. 35 are omitted, and is pre 
sented to illustrate the arrangement em 
ployed in establishing a local connection. 
Fig. 4 has the same relation to Fig. 3 that 
Fig. 2 has to Fig. 1. . 
The telephone system of this invention 

makes use of the Reynolds cross-bar switch, 
the essential elements of which are shown in 
the Reynold's Reissue Patent. No. 14,236, De 
cember 26, 1916. Perhaps a more modern 
form of this switch is shown in the patent 
to Reynolds 1,306,124, issued June 10, 1919. 
The particular difference between the form 
of switch used herein and that shown in the 
last mentioned Reynolds patent is that no 
releasing magnet is employed at present, but 
only the line bar magnet and the trunk bar 
magnet as the sole means for operating the 
Switch. The operation of such a switchcom prises essentially three operations, the first 
of which is the energization of the trunk 
bar magnet and the consequent movement of 
the trunk bar with its plurality of contact 
sets. The second operation consists in the 
energization of the line bar magnet with the 
consequent movement of the line bar carry 
ing a plurality of sets of contacts, each cor 
responding to a set of contacts on a differ 
ent trunk bar. The movement of these two bars in the sequence noted causes the opera 
tion of the set of contacts at the crossing 
????????'; of the two bars. Thereafter the trunk ar magnet is deemergized and the trunk bar 
returns to normal position carrying back all 
of the contact sets except those engaged by 
the particular line bar which has been 

,525,787 

moved. The connection through this switch 
is maintained through the continued ener 
gization of the line bar magnet. . . . 

Mention is made hereinafter of certain 
alarm circuits. Where a conductor is 70 
grounded and where such connection is 
maintained for a predetermined lengthi of 
time an alarm will operate. An appropriate 
circuit of this nature is shown in the patent 
to Sperry, 1,406,236 issued February 14, 1922. 75 

In general, the operation of this system 
is as follows: Upon the initiation of a, call 
the calling line will be extended by means 
of a primary line switch to a trunk leading 
to a secondary line switch, whereupon the 80 
secondary line switch will further extend the 
line to the trunk leading to a district selec 
tor. Associated with the trunk leading to 
the district selector is a sender selector which 
immediately operates and attaches one of a S5 
plurality of common senders to the calling 
line. The operation of these three switches 
is automatic and practically instantaneous. 
The subscriber is notified of the proper op 
eration of these switches by receiving a dial 90 
tone whereupon he will proceed to record the 
number of the desired called subscriber's 
line in the sender by manipulating the dial 
Switch on his telephone instrument. In the 
present embodiment of this invention pro- 95 
vision is made for the use of seven digit. 
numbers, the first three digits of which con 
stitute an office code. As soon as the first 
three digits have been received by the sender 
and recorded on an appropriate register, the lot 
apparatus associated with the sender is au 
tomatically set into operation and the record 
set up on the three office registers is trans 
mitted through a marker and a translator 
to perform two functions. The first is to 105 
cause the proper operation of the district 
selector to extend the calling line through 
the district selector in the direction indi 
cated by the office code. The second function 
is to send a class of service indication from 110 
the marker back to the sender to control the 
Subsequent action of the sender. 
Upon the complete operation of the dis 

trict selector a line switch associated with 
the district selector is operated to extend ill 
the calling line to an office selector in the 
case of an interoffice call, or to an incoming 
selector in the case of a local call. In the 
case of an interoffice call upon the extension 
of the calling line to the office selector, an 120 
office sender selector is automatically op 
erated to extend the trunk to an office sender, 
whereupon the record in the district sender 
is transferred by means of well known relay. 
call indicator impulses to the office sender. 
Here again the office code is employed to 
cause the proper operation of the office 
switch and the sending of another class of. 
service indication to the office sender. Upon 
the setting of the office switch, a line switch 
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associated therewith is automatically op 
erated to extend the trunk to an incoming 
switch whereupon another sender selector 
is automatically operated to further ex 
tend the trunk to an incoming sender cir 
cuit. The record now established in the of.- 
fice sender is transferred in part (the office 
code now being onnitted) to the said incom 

O 

30 

35 

ing sender. When the record is complete in 
the incoming sender, then a section marker 
controlled by the thousands digt is op 
erated to extend the trunk from the incolm 
ing selector to a switch known as the “in 
trunk line switch.” Simultaneously there 
with a line marker is controlled by the hun 
dreds, tens and units digits and a marker 
wire individual to the called line is ground 
ed. The grounding of the marker wire in 
dividual to the called line sets-up a condi 
tion on the called line similar to a calling 
condition so that the primary line switch 
to which the called line is wired is caused 
to operate and extend the called line to a 
Secondary line switch. The secondary line 
switch thereupon automatically operates, 
but in this case extends the line to an in 
trunk rather than an out-trunk. The in 
trunk leads to the in-trunk line switch 
where the line extended from the calling 
line is thus connected with the line extended 
from the called line. 

In case of a local call the operation is 
the same with the exception that no office 
switch is used and when the district se 
lector extends a calling line to a trunk lead 
ing to an inconning selector the record on 
the district sender is transferred to the in 
coming sender registers. 

In case the called line is found to be 
busy upon the operation of the line marker, 
then an indication is sent back to the incom 
ing sender which thereupon controls the 
sending of a busy tone from means located 

45 
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in the incoming switch. 
Upon the operation of the district sender 

or the office Sender to extend a calling line 
through the district switch to a trunk in 
a particular group of trunks or through the 
office switch to a trunk in a particular group 
of trunks and when all of the trunks in 
such particular group are found to be busy 
then means in the associated sender is ?? 
erated to send an all trunks busy tone back 
to the calling subscriber. 

It is believed that the invention will be 
more fully understood from the following 
detailed description. 
The subscriber at substation 500 initiates 

a call by removing his receiver from its 
Switchhook, whereupon a circuit is estab 
lished from ground, the inner left-hand ar 
mature and back contact of line bar mag 
net 501, conductor 502, over the loop of the 
calling substation, conductor 503, back con 
tact and Quter left-hand armature of line 

bar magnet 501, right-hand high resistance 
winding of line relay 504 to battery. Line 
relay 504 is energized in this circuit and at 
tracts its armatures, whereupon a circuit is 
established from battery through the wind 
ing of line bar magnet 501, the left-hand 
low resistance winding of line relay 504, the 
front contact and armature of relay 504, the 
back contact and armature of relay 505 (be 
longing to the same group), left-hand al 

70 

75 
mature and back contact of group relay 506, 
winding of group relay 507 to ground. Re 
lay 507 is energized in this circuit and at 
tracts its armature. 
507 included in this circuit, however, intro 
duces sufficient resistance to prevent the en 
ergization of line bar magnet 501 at this 
time. Upon the energization of group re 
lay 507 a circuit is established from battery, 
the left-hand winding of group relay 506, 
the front contact and armature of relay 507, 
the back contact and left-hand armature of 
the primary master switch starter relay 508, 
back contact and right-hand armature of 
relay 509, inner left-hand almature and back 
contact of relay 510, conductor 511, winding 
of alarm relay 512 to ground. Relay 512 
becomes energized in this circuit and con 
nects ground through its armature and con 
tact to conductor 513 which leads to an 
alarm circuit which may be of the type 
shown and described in the patent to Sperry, 
No. 1,406,236, granted February 14, 1922. 
Under normal conditions the action of the 
master switch and the cross bar line switch, 
shown in Fig. 5 will be completed in a very 
short interval of time and the alarm circuit 
connected to conductor 513 will not com 
pletely, operate. Under abnormal conditions 
as when no outgoing trunks are available 

The winding of relay. 
80 
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or there is some defect in the circuit, this 
ground will remain on conductor 513 and 
cause the actuation of the alarm circuit, 
whereupon an attendant may inspect the ap 
paratus and remedy the difficulty. 

Relay 506 is also energized in the circuit 
including relay 512 just described and, upon 
energizing, completes a circuit from battery 

110 

through the right-hand winding of relay 
506, the front contact and right-hand arma 
ture of relay 506, winding of starter relay 
508 and thence over the circuit described 
through the winding of relay 512 to ground. 
Relay 506 also opens the circuit of relay 507 
which becomes deenergized and in retract 
ing its armatures opens the original ener 
gizing circuit of relay 506. Relay 508, 
however, becomes energized in the locking 
circuit of relay 506 and opens the original 
energizing circuit of relay 506 at another 
point. Upon the energization of relay 50S 
a circuit is established from ground through 
the winding of relay 512, conductor 511, 
front contact and inner right-hand armature 
of relay 508, conductor 529, right-hand ar 
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mature and back contact of relay 510, pref 
erence switch wiper 517 and its first posi 
tion contact, left-hand armature and back 
contact of relay 518, winding of trunk bar 
magnet 519 to battery and ground. The 
trunk bar magnet 519 attracts its armatures 
and operates the trunk bar 523, whereupon 
a circuit is established from the ground 
which is thus connected to magnet 519, 
through the inner left-hand armature and 
front contact of magnet 519, conductor 520, winding of relay 521, to battery and ground. 
Relay 521 attracts its armatures and extends this ground to the winding of relay 510, but 
since the other terminal of the winding of 
relay 510 is connected to ground on conduct 
tor 529, relay 510 does not become energized 
at this time. Upon the energization of re 
lay 521 a connection is extended from 
ground, the winding of relay 512, conductor " 
511, the front contact and left-hand arma 
ture of relay 521, the back contact and outer 
left-hand armature of relay 510, the front 
contact and left-hand armature of group 
relay 506, the armature and back contact of 
line relay 505, the armature and front con 
tact of line relay 504, the left-hand low re 
sistance winding of relay 504, the Winding 
of line bar magnet 501 to battery and 
ground. Since this circuit includes only 
the low resistance winding of relays 512 and 
504 and the winding of the line bar magnet 
501, the latter becomes energized at this 
time and connection is made between the 
corresponding contacts of line bar 522 and 
trunk bar 523. 

It should be here noted that if another 
line belonging to the same group as, for in 
stance, the line leading to station 550 ini 
tiates a call before the operations which are 
now being described are completed and this 
other line precedes the first in order along 
the starter wire, then this other will “steal” 
the connection as the relay 505 will switch 
the starter wire from the line bar magnet 
501 to the line bar magnet 551. This, how 
ever, will delay the extension of the origi 
nal call only a small fraction of a second so 
that no actual harm will result. 
The ground extended to the winding of 

line bar magnet 501 is now extended through 
the third conductor and the corresponding 
eontacts of line bar 522 and trunk bar 523, 
through the third conductor of the out 
going trunk whence it is further extended 
to the right-hand winding of relay 518 and 
thence to battery causing the energization 
of relay 518 which results in the opening of 
the original energizing circuit of trunk bar 
magnet 519. Trunk bar magnet 519 does 
not become deemergized at this time, how 
ever, as it is now connected in multiple with 
the winding of relay 521 and this multiple 
circuit is included in series with the wind 
ing of relay 510 so that relay 510 becomes 

inner right-hand armature of relay 
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energized at this time and both relay 521 
and magnet 519 are maintained energized. 
At this point the energizing circuit for 

line bar magnet 501 is opened at the outer 
left-hand armature and contact of relay 510, 
but as will be shown hereinafter ground is 
by this time projected back over the third 
conductor of the outgoing trunk to the right 
hand armature of relay 518 to maintain this 
relay energized and to further extend this 
ground back over the third conductor and 
through the corresponding contacts of trunk 
bar 523 and line bar 522 to the winding of 
line bar magnet 501 to maintain this magnet 
energized to hold the connection. The en 
ergization of relay 510 opens the circuit of 
relay 508 at the inner left-hand armature 
and back contact of relay 510 and relays 
508 and 506 become deenergized. 

It should be noted at this point that upon 
the energization of relay 510 a circuit is 
established from ground, through the wind 
ing of relay 512, the front contact and in 
ner right-hand armature of relay 508, con 
ductor 529, the right-hand armature and 
front contact of relay 510, winding of mag 
net 514, to battery and ground. Magnet 
514 becomes energized and prepares to move 
the wiper 517 on to its next contact. Upon 
the deenergization of relay 508, just de 
scribed, this circuit would be opened but 
for the operation of the timing relays 515 
and 516, which is as follows: Upon the first 
energization of relay 508, a circuit is closed 
from ground, winding of relay 512, conduc 
tor 511, front contact and inner right-hand 
armature of relay 508, armature and back 
contact of magnet 514, right-hand arma 
ture and back contact of relay 515, winding 
of relay 516 to battery and ground. Relay 
516 becomes energized in this circuit and 
establishes a circuit from the ground on 
conductor 511, through the front contact and 

508, 
conductor 529, the right-hand armature and 
back contact of relay 510, the left-hand 
armature and front contact of relay 516, 
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the left-hand winding of relay 515 to bat 
tery and ground. Relay 515 now becomes 
energized and opens the original energizing 
circuit of relay 516, at the same time locking 

15 

up through its right-hand winding, its front 
contact and right-hand armature to the 
ground which caused the original energiza- - 
tion of relay 516. Relay 516 is now de 
energized and after a short interval retracts 
its armatures. 
Under ordinary conditions relay 510 will 

have become energized and relay 508 will 
have become deenergized before relay 516 
retracts its armatures, and, therefore, the 
ground connection between conductor 511 
and conductor 529 which was originally es 
tablished over the front contact and inner 
right-hand armature of relay 508 is main 

20 

25 

30 



10 

15 

20 

2 5 

30 

35 

40 

50 

65 

1,525,78? 

tained over the front contact and right-hand 
armature of slow-to-release relay 516 until 
this relay becomes deemergized. When relay 
516 retracts its almatures, therefore, ground 
is removed entirely from conductor 529 re 
sulting in the deemergization of relays 510 
and 521 and the deemergization of trunk bar 
magnet 519. Trunk bar laagnet 519 re 
turns the trunk bar 523 to hormal position 
leaving only the contacts corresponding to 
the line bar 522 in operated position. The 
deenergization of relay 510 opens the origi 
nal energizing circuit of magnet 514 and 
this magnet becomes deemergized and there 
upon moves the wiper 51 on to its next con 
tact. 

Relays 515 and 516 also operate under 
abnormal conditions upon the failure of a 
trunk bar to operate to move the wiper 517 
forward to pick out an operative trunk. 
Under such abnormal conditions relay 510 
will fail to operate so that upon the de 
energization of a relay 516, a circuit is es 
tablished from the ground on conductor 51.1, 
the front contact and inner right-hand ar 
mature of relay 508, conductor 529, right 
hand armature and back contact of relay 
510, left-hand armature and back contact of 
relay 516, front contact and left-hand ar 
mature of relay 515, winding of magnet 514 
to battery and ground. This circuit is 
closed only for an instant directly upon the 
deenergization of relay 516, for upon the 
energization of magnet 514 the holding cir 
cuit of relay 515 is opened and this relay 
becoming deenergized opens the circuit 
of magnet 514 thus causing the preference 
switch wiper 517 to be stepped forward on 
to its next contact. In this manner wiper 
517 will advance step by step until the call 
ing line is properly extended as hereinbefore 
described. - 

Upon the energization of line bar mag 
net 501 and the consequent operation of line 
bar 522, relay 518 is energized as described 
and through its front contact and right 
hand armature it extends the ground for 
energizing line bar magn 
third conductor of the outgoing trunk to 
the secondary line switch shown in Fig. 6. 
Here this ground is extended through the 
back contact and inner left-hand armature 
of line bar magnet 601, through the left 
hand high resistance winding of line relay 
604 to battery and ground. Relay 604 be 
comes energized in this circuit and extends 
a ground from the armature and back con 
tact of relay 626, conductor 627, back con 
tact and outer right-hand armature of re 
relay 628, the outer left-hand armature, and 
front contact of line relay 604 to the third 
conductor of the trunk. Thus, at the instant 
that connection is made between the corre 
sponding contacts of line bar 522 and trunk 
bar 523, relay 518 is energized, line relay 

et 501, over the 

604 becomes energized and line relay 604 
immediately extends a ground back toward 
the primary line switch to hold relay 518 energized. 
Upon the energization of line relay 604, 

a circuit is established from battery through 
the left-hand low resistance winding of line 
bar magnet 601, the right-hand low resistance 
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Winding of line relay 604, the front contact 
and right-hand armature of line relay 604, 
the back contact and right-hand armature of 
line relay 605, the left-hand armature and 
back contact of group relay 606, winding of 
group relay. 607 to ground. Relay 607 be. 
comes energized in this circuit, but its resist 
ance is such that it prevents the energization 
of line bar magnet 601 at this instant. Re 
lay 607 in energizing establishes a circuit 
from battery, the left-handwinding of group 
relay 606, the front contact and armature of 
relay 607, the back contact and left-hand ar. 
mature of starter relay 608, the back contact 
and outer left-hand armature of relay 621, 
the back contact and outer left-hand arma 
ture of relay 609, conductor 611, winding of 
alarm relay 612 to ground. Alarm relay 612 
becomes energized in this circuit and extends 
a ground to an alarm circuit in the same 
manner as relay 512 in the primary master 
Switch. Group relay 606 also becomes ener 
gized in this circuit and opens the original 
energizing circuit of relay 607, but before this 
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relay can become deenergized and open the 
circuit for relay 612 a substitute circuit is 
closed from battery through the right-hand 
winding of relay 606, front contact and 
right-hand armature of relay 606, winding 
of starter relay 608, and thence over the 
circuit described to the ground on conduc 
to 611. Relay 608 becomes energized in 
this circuit and extends ground through the 
winding of relay 612, conductor 611, 
Outer left-hand armature and back contact 
of relay 609, outer left-hand armature and 
back contact of Irelay 621, left-hand arma 
ture and front contact of relay 608, con 
ductor 629, left-hand armature and back 
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contact of relay 610, outer right-hand ar 
mature and back contact of relay 609, 
preference switch wiper 617, left-hand ar 
mature and back contact of relay 618, wind 
ing of trunk bar magnet 619 to battery and 
ground. The trunk bar 623 is thereby ac 
tuated. At the same time trunk bar mag 
net 619 extends the ground which caused 
its energization over its inner left-hand ar 
mature and front contact to conductor 620, 
whence it is extended to the winding of re 
lay 610, but this relay having its other ter 
minal connected to ground on conductor 
611, is short-circuited at this time and does 
not become energized. 
Trunk bar magnet 619 in operating ex 

tends ground through its outer left-hand 
armature and front contact to conductor 
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630 which is now extended over conductor 
30, through the left-hand winding of re 

lay 700 to battery and ground. Relay 700 
becomes energized and through its left-hand 
armature places a ground on conductor 731, 
which is the third conductor of the outgo 
ing trunk connected to trunk bar 623 and 
this is extended through conductor 631 to 
the winding of advance relay 618, and 
thence to battery, and ground. Relay 618 
becomes energized in this circuit and opens 
the Original energizing circuit of magnet 
619. This removes the ground from one 
terminal of relay 610, and consequently, re 
lay 610 now becomes energized in a circuit 
from battery, the winding of trunk bar 
magnet 619, the inner left-hand armature 
and front contact of magnet 619, conductor 
620, winding of relay 610, conductor 629, 
front contact and left-hand armature of re 
lay 608, back contacts and outer left-hand 
armatures of relays 621 and 609, conductor 
611, winding of relay 612 to ground. Relay 
610, therefore, becomes energized and estab 
lishes a circuit from battery through the 
left-hand low resistance winding of line bar 
magnet 601, right-hand low resistance wind 
ing of line relay 604, front contact and 
right-hand armature of relay 604, the back 
contact and right-hand armature of line re 
lay 605, the left-hand armature and front 
contact of group relay 606, back contact and 
light-hand armature of relay 621, front 
contact and right-hand armature of relay 
610, conductor 611, winding of relay 612 to 
ground. Line bar magnet 601 thereby be 
comes energized and connection is made be 
tween the corresponding contacts of line bar 
622 and trunk bar 623. The ground on con 
ductor 631 is now extended through the cor 
responding contacts of the trunk bar 623 
and line bar 622, the right-hand high re 
sistance winding of line bar magnet 601, the 
left-hand low resistance winding of this 
magnet to battery and ground. It should 
be noted that a direct ground placed on the 
free terminal of this line barmagnet does 
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not cause sufficient current to flow to ener gize this magnet, but will provide sufficient 
current to maintain this magnet energized 
after it has once attracted its armatures. 
The energization of relay 610 establishes a 
circuit from ground, winding of relay 612, 
conductor 611, outer left-hand armatures 
and back contacts of relays 609 and 621, the 
left-hand armature and front contact of re 
lay 608, conductor 629, left-hand armature 
and front contact of relay 610, winding of 
stepping magnet 614 to battery and ground. 
Stepping magnet 614 is energized and pre 
pares to move wipers 617 and 632 forward. 
The energization of line bar magnet 601 

closes a circuit from ground, outer left-hand 
armature and front contact of magnet 601, 
front contact and inner left-hand armature 
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of line relay 604, winding of relay 621 to 
battery and ground. This circuit is estab 
lished only momentarily for upon the ener 
gization of line bar magnet 601, the origi 
nal energizing circuit of line relay 604 is 
opened at the inner left-hand armature and 
back contact of magnet 601 and the holdin circuit of relay 604 including the right-han 
low resistance winding of this relay is bro 
ken shortly thereafter. Relay 621 becomes 
energized in this circuit and locks up to the 
ground on conductor 611 extending through 
the right-hand armature and front contact 
of relay 610. The energization of relay 621 
opens the original energizing circuit of re 
lay 608, but this relay is maintained ener 
gized until relay 616 becomes deenergized. 
The maintaining circuit just spoken of may 
be traced from ground on conductor 611, 
through the right-hand armature and front 
contact of relay 616, the front contact and 
left-hand armature of relay 608, winding of 
relay 608 and the right-hand winding of 
relay 606 to battery. The circuit for relay 
616 is closed upon the first energization of 
relay 608 through the establishment of a 
circuit from ground, winding of relay 612, 
conductor 611, the outer left-hand arma 
tures and back contacts of relays 609 and 
621, the left-hand armature and front con 
tact of relay 608, the armature and back 
contact of magnet 614, the right-handarma 
ture and back contact of relay 615, winding 
of slow-to-release relay 616 to battery and 
ground. Relay 616 becoming energized es 
tablishes a circuit for the energization of 
relay 615 from the ground on conductor 611, 
the outer left-hand armature and back con 
tacts of relays 609 and 621, the left-hand 
armature and front contact of relay 608, 
conductor 629, the left-hand armature and 
back contact of relay 610, the left-hand ar 
mature and front contact of relay 616, the 
left-hand winding of relay 615 to battery 
and ground. Relay 615 now becomes ener 
gized and opens the circuit for relay 616 at 
the same time locking up through its own 
righthand winding. In a short interval re 
lay 616 becomes deemergized and it being 
assumed that the operations hereinbefore de 
scribed have already been completed, now 
the maintaining circuit for relay 608 is 
opened and this relay becomes deenergized, 
whereupon relay 610, magnet 614 and mag 
net 619 become deenergized. Magnet 614 
being deenergized moves brushes 617 and 
632 on to their next contacts. Magnet 619 
becoming deemergized returns trunk bar 623 
to its normal position leaving only the con 
tacts associated with line bar 622 operated. 
Under abnormal conditions relays 615 and 

616 will operate to step the wipers 617 and 
632 forward until an idle trunk has been 
found. ? 

The deemergization of trunk bar magnet 

70 

75 

80 

85 

90 

O) 

105 

0. 

15 

20 

25 

130 



5 

O 

15 

20 

25 

30 

40 

1,525,78? 

619 now opens the original energizing cir 
cuit of holding relay 700, but this is main 
tained in a manner which will be hereinafter 
described. 
In Fig. two trunks leading from the 

secondary line switch of. Fig. 6 to the dis 
trict Selector of Fig. 7 are shown, the lower 
one being shown in full and the upper one 
being indicated by a broken line rectangle 
70i which will include apparatus and circuits 
corresponding in detail to those included 
within the larger broken line space below. 
As soon as the calling line is extended 

through the secondary line switch to the tip 
and Iring conductors leading to Fig. 7, a ciri 
cuit is established from battery through the 
left-hand high resistance winding of line 
relay 905 (Fig. 9), inner left-hand armature 
of line bar magnet 901, conductors 950 and 
750, back contact and outer lower armature 
of relay 02, over the ring conductor of the 
calling line, through the loop of the calling 
line, tip conductor of the calling line, the 
upper al'mature and back contact of relay 
702, conductors 751 and 951, back contact 
and outer left-hand almature of line bar 
magnet 901 to ground. Line relay 905 is 
energized in this circuit and thereby com 
pletes a circuit from battery through the 
right-hand low resistance winding of line 
bal’ magnet 901, right-hand low resistance 
winding of line relay 905, front contact and 
right-hand armature of line relay 905, left 
hand armature and back contact of group 
relay 906, winding of group relay 907 to 
ground. Relay 907 becomes energized in 
this circuit but its resistance is such that it 
prevents the energization of line bar mag 
net 901 at this instant. 

Relay 907, upon energizing, establishes a 
circuit from battery, left-hand winding of 
group relay 906, front contact and arma 
ture of relay 907, back contact and left 
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hand armature of starter relay 908, back 
contact and left-hand armature of relay 
909, conductor 911, winding of alarm re 
lay 912, to ground. Alarm relay 912 be 
comes energized in this circuit and extends 
a ground over conductor 913 to an alarm 
circuit in the same manner as relay 512 in the 
primary master switch. Group relay 906 also 
becomes energized in this circuit and opens 
the original energizing circuit of relay 907, 
but before this relay can become deenergized 
and open the circuit, for relay 912, a substi tute circuit is closed from battery through 
the right-hand winding of relay 906, front 
contact and right-hand armature of relay 
906, winding of starter relay 908 and thence 
over the circuit described to the ground on 
conductor 911. Relay 908 becomes ener 
gized in this circuit and extends ground 
through the winding of relay 912, conduc 
tor 911, left-hand armature and back con 
tact of relay 909, left-hand armature and 

front contact of relay 908, conductor 929, 
left-hand armature and back contact of re 
lay 910, preference switch wiper 917 and its 
Second contact, outer left-hand armature 
and back contact of relay 918, winding of 
trunk bar magnet 919 to battery and ground. 
The trunk bar 923 is thereby actuated. 
At the same time trunk bar magnet 919 ex 
tends the ground which caused its energiza 
tion over its inner-left-hand armature and 
front contact to conductor 920, whence it is 
extended through the winding of relay 910, 
conductor 929, front contact and left-hand 
armature of relay 908, back contact and left 
hand armature of relay 909, conductor 911, 8. 
winding of relay 912 to ground. Thus, re 
lay 910 having ground on each of the ter 
minals of its winding is short-circuited at 
this time and does not become energized. 
Trunk bar magnet 919 in operating ex 

tends ground through its outer left-hand 
almature and front contact to conductor. 
930 and thence to the winding of relay 918 
which becomes energized. Relay 918, upon 
energizing, extends a ground from its front 
contact and right-hand armature to conduc 
tor 931 which is thereupon extended through 
the back contact and left-hand armature of 
relay 1100, back contact, armature and wind 
ing of magnet 1101 to battery and ground. 
Magnet 1101 controls wipers 1102, 1103, 
1104, 1105 and 1106 and upon its energiza 
tion and deemergization in the circuit just 
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described it moves all of them to their first 
position contacts. Thereupon a circuit is 
extended from ground, wiper 1102 and its 
first position contact, winding of relay 1100 
to battery and ground. Relay 1100 is ener 
gized in this circuit and opens the energiz 
ing circuit for magnet 1101. A substitute 
circuit, however, is now provided for mag 

00 

net 1101 extending from battery, winding 
of magnet 1101, armature and back contact 
of magnet 1101, left-hand armature. and 
front contact of relay 1100, wiper 1105 and 
its first position contact, back contact and 

10 

inner left-hand armature of relay 1107 to 
ground. Thereupon magnet 1101 becomes 
energized and moves wipers 1102 to 1106, in 
clusive, forward to their second contacts, 
whereupon the circuit of magnet 1101 is 
again opened. - - 
In the meantime, relay 1100 has become 

locked in a circuit including battery, its 
winding, its front contact and right-hand 
armature, conductor 930, front contact and 
inner left-hand armature of relay 918, con 
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ductor 932, wiper 1106 to the ground con 
nection which is multipled to all of its con 
tacts. Relay 918 is also locked up in this 
circuit. ?? - 

Upon the energization of relay 918 the 
original energizing circuit of trunk bar. 
magnet 919 is opened. This removes the 
ground from one terminal of relay 910 and 
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consequently relay 910 now becomes ener 
gized in a circuit from battery, through the 
winding of trunk bar magnet 919, inner left 
hand armature and front contact of magnet 
919, conductor 920, winding of relay 910, 
conductor 929, front contact and left-hand 

10 

15 

armature of relay 908, back contact and left 
hand armature of relay 909, conductor 911, 
winding of relay 912 to ground. Relay 910, 
therefore, becomes energized and establishes 
a circuit from batterythrough the right 
hand low resistance winding of line bar 
magnet 901, right-hand low resistance wind 
ing of line relay 905, front contact and 
right-hand armature of relay 905, left-hand 
armature and front contact of group relay 
906, back contact and right-hand armature 
of relay 909, front contact and right-hand 

20 armature of relay 910, conductor 911, wind ing of relay 912 to ground. Line bar mag 
net 901 thereby becomes energized and con 
nection is made between the corresponding 
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contacts of line bar 922 and trunk bar 923. 
The subscriber's line is now extended 

through the contacts of line bar 922 and 
trunk bar 923 corresponding to conductors 
950 and 951, respectively, thus extending the 
calling subscriber's line to the two left 
hand armatures of relay 1108 and from 
thence in the case of the outer left-hand 
armature of relay 1108, through the back 
contact and outer right-hand armature of 
relay 1107, right-hand winding of induc 
tion coil 1109 to ground and in the case of 
the inner left-handarmature of relay. 1108 through the normal contacts of the inner 
right-hand armature of relay 1107, the left 
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hand winding of line relay 1110, to battery 
and ground. Relay 1110 is thus brought 
under direct control of the calling sub 
scriber's line. Upon energizing relay 1110 
extends ground through its armature and 
front contact and the winding of the slow 
releasing relay 1111 and thence to battery 
and ground. Relay 1111 becomes energized 
in this circuit and connects ground through 
its right-hand armature to conductor 1112. 
Conductor 1112 is a holding wire and ex 

tends in many directions. The first func 
tion of the ground placed on this holding 
conductor is to extend a ground to conduc 
...tor 933 and thence through the correspond 
ing contacts of trunk bar 923 and line bar 
922 to the left-hand winding of holding re 5 5 
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lay 700 which maintains ground on the hold 
ing wire of the trunk between the secondary 
line switch of Fig. 6 and the sender selector 
switch of Fig. 9. This ground is thus ex 
tended to the left-hand high resistance wind 
ing of line bar magnet 901 thence through 
the right-hand low resistance winding of 
this magnet to battery whereby the line bar 
magnet 901 is maintained energized here 
after. Ground on this conductor is also ex 
tended to conductor 930 and thence through 
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the left-hand winding of holding relay 700 
which being slow to release, has not up to 
this instant retracted its armatures. Thus 
the relay 700 is maintained energized and 
the connection of ground to the conductor 
731 remains continuous. 
Ground placed on conductor 1112 is ex 

tended to conductor 1312 through the arma 
ture and back contact of relay. 1300, the winding of relay 1301 to battery and ground 
and this relay becomes energized. Its func 
tion will be explained hereinafter. 
Ground placed on conductor. 1112 is also 

extended through the first position contact 
of the switch controlled by magnet 1113 and 
thence through wiper 1114 to the winding of 
relay 1118 and thence to battery and ground. 
Relay 1118 becomes energized in this circuit 
and locks to ground on conductor 1112 
through its armature and front contact. 
The switch controlled by magnet 1113 

comprises wipers 1114, 1115, 1116 and 1117, 
and its function is to measure the time in 
terval which is allowed for the subscriber to 
begin sending impulses. If the subscriber 
has seized the sender control circuit of Fig. 
11 by energizing relay 1110, and fails to 
send any impulse until wiper 1117 has ro 
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tated from the normal position in which it 
is shown to its last contact, a circuit is es 95 
tablished from ground, armature and back 
contact of relay 1107, inner right-hand 
armature and front contact of relay 1118, 
wiper 1117 and its last position contact, 
wiper 1103 and its second position contact, 
winding of relay 1119 to battery and 
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ground. Relay 1119 becomes energized and 
locks through its front contact and inner 
most left-hand armature to ground on con 
ductor 1112. The result of the energization 
of relay 1119 will be explained hereinafter. 
The manner in which the time measure 

switch is controlled by magnet 1113 is as 
follows: Upon the energization of relay 
1118 a ground is extended from the inner 
left-hand armature and back contact of 
relay 1107, inner right-hand armature and 
front contact of relay 1118, wiper 1115 and 
its first position contact, armature and back 
contact of magnet 1113, outer right-hand 
armature and front contact of relay 1118, 
left-hand armature and back contact of 
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relay 1120, winding of relay 1121 to battery . 
and ground. Relay 1121 becomes energized 
and extends this same ground through its 
armature and front contact to the winding 
of relay 1120 which thereby becomes ener 
gized, locks to the ground on its left-hand 
armature, and opens the circuit for relay 
1121. Relay 1121, however, being slow to 
release does not retract its armature for a 
definite period of time. When this does 
happen, however, the ground on the arma 
ture of relay 1121 is extended through its 
back contact and thence through the front 
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contact and right armature of relay 1120 
to the winding of magnet 1113 to battery. 
Magnet. 1113, becoming energized through 
this circuit, prepares to step the brushes 
1114, 1115, 1116 and 1117 on to their sec 
ond position contacts and at the same time 
opens, the circuit of relay 1120. Relay 

10 

1120 becomes deenergized and thereby opens 
the circuit of magnet 1113. When magnet 
1113 restores its armature to normal posi 
tion it advances the brushes one step and a 
circuit for relay 1121 is again established 
whereupon the energization of relay 1121 
results in the energization of relay 1120 
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and this same cycle of operations is repeated 
and the brushes 1114 to 1117 are stepped for 

so that at the end of a 
definite period of time the brush 1117 will 
ward step by step 
arrive at its last contact. 

If, after the brushes 1114 to 1117 are 
stepped off their normal contacts, the call 
ing subscriber should abandon the connec 
tion and by releasing relay 1110 thereby re 
lease relay 1111 and remove the ground from 
conductor 1112, relay 1118 would retract its 
armatures. In this case, however, a ground 
is extended over the inner right-hand arma 
ture and back contact of relay 1118, wiper 
1116 and the contact on which it rests, thence 
through the armature and back contact of 
magnet 1113, the outer right-hand armature 
and back contact of relay 1118, winding of 
magnet 1113 to battery and ground. Thus, 
the magnet 1113 being included in a self 
interrupting circuit will quickly step the 
brushes..1114 to 1117 inclusive forward until 
the normal position is reached, whereupon 
this circuit is broken at wiper 1116. 

It should be noted here that the calling 
subscriber's line is connected on the one 
hand through the left-hand winding of line 
relay 1110, and on the other hand through 
the right-hand winding of coil 1109. The 
other winding of coil 1109 is included in a 
circuit from ground, wiper 1102, left-hand 
winding of coil 1109, condenser 1170, left 
hand armature and back contact of relay 
1122, secondary winding of dial tone trans 
former 1123 to ground. The dial tone is 
thus induced in the right-hand winding of 
coil 1109 and thence projected over the call 
ing line to advise the calling subscriber that 
conditions are now ready for dialing the 
designation of the called subscriber. . 
Going back now for an instant over the 

operation, of the sender selector in Fig. 9, 
it will bè noted that upon the energization 
of the line bar magnet 901, that the corre 
sponding contacts of line bar 922 and 923 become engaged and ground is projected 
} the appropriate contacts for hold 
ing the line bar magnet 901 energized. 
Upon the energization of relay 910 which 
pstablishes the energizing circuit for line 

bar magnet 901, a circuit is established from 
ground, winding of relay 912, conductor 911, 
back contact and left-hand armature of relay 
909, left-hand armature and front contact of 
relay 908, conductor 929, left-hand armature 
and front contact of relay 910, winding of 
stepping magnet 914 to battery and ground. 
Stepping magnet 914 is energized and pre 
pares to move wiper 917 forward. 
The energization of trunk bar magnet 901 

now closes a circuit from ground, outer left 
hand armature and front contact of trunk 
bar magnet 901, front contact and left 
hand armature of line relay 905, winding of 
relay 909 to battery and ground. Relay 909 
becomes energized in this circuit and locks 
up through its right-hand armature, and 
front contact and the right-hand armature 
and front contact of relay 910 to ground on 
conductor 911. By attracting its armature 
relay 909 thus opens the original circuit 
for the energization of relay 908, but this 
relay is now maintained energized through 
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the right-hand armature and front contact 
of relay 916. In the manner hereinbefore 
described it will be noted that upon the first 
energization of relay 908 a circuit is closed 
from ground through the winding of relay 
912, conductor 911, the left-hand armature 
and back contact of relay 909, the left 
hand armature and front contact of re 
lay 908, conductor 929, the left-hand arma 
ture and back contact of relay 910, the ar 
mature and back contact of magnet 914, the 
right-hand armature and back contact of re 
lay915, the winding of relay 916 to battery 
and in attracting its armature connects 
ground from conductor 911, through its left 
hand armature and front contact to the left 
hand winding of relay 915 which now be 
comes energized and opens the energizing 
circuit for relay 916 at the same time lock 
ing up through its right-hand winding and 
its front contact and right-hand armature 
to the ground which originally caused the 
energization of relay 916. After a short in 
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and ground. Relay 916 becomes energized 
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terval relay 916 retracts its armatures and . 
the circuit movement heretofore described 
having now taken place the holding circuit 
of relay 908 and group relay 906 is now 
opened. Ground being removed from con 
ductor 929 allows relay 910 and magnets 914 
and 919 to become deenergized. Magnet 914 
in retracting its armatures moves the pref 
erence switch wiper 917 forward to its next 
position. Magnet 919 becoming deenergized 
returns trunk bar 923 to normal position 
leaving only the contacts corresponding to 
line bar 922 in operative position. W 
Under abnormal conditions the timing re 

lays 915 and 916 operate to move the wiper 
917 forward in a manner similar to that 
heretofore described. . . . 
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The connection is now in a stable condi 

tion awaiting the sending of impulses by 
the calling subscriber. 

Permanent signal. 
When the calling subscriber seizes the 

sender control circuit of Fig. 11 in the man 
ner described and fails to send any impulses 
until the time measure switch, controlled 
by magnet 1113 has moved to its last posi 
tion, then relay 1119 is energized, as hereto 
fore described. This results in Switching the 
calling line to a special operator's position 
whose duty it is to ascertain the cause of 
the delay and to report trouble if this proves 
to be the case. The first result of the ener 
gization of relay 1119 is the connection of 
ground from conductor 1112 through the 
outer left-hand amature and front contact 
of relay 1119, winding of relay 1124 to 
battery, whereupon relay 1124 becomes ener 
gized. This relay extends ground from con 
ductor 1112 through its outer right-hand 
armature and front contact, the outer right 
hand armature and back contact of relay 
1125, conductor 1126, conductor 1326, con 
ductor 1426, winding of relay 1400 to bat 
tery. Relay 1400 is energized in this circuit 
with the following results: A circuit is com 
pleted from battery, left-hand winding of 
relay 1401, front contact and armature of 
relay 1400, first contact and wiper 1403, back 
contact and left-hand armature of relay 
1405, back contact and inner left-hand ar 
mature of relay 1406, armature and back 
contact of relay 1407 to ground. Relay 
1401 is energized in this circuit and there 
upon locks up in a circuit from battery, the 
right-hand winding of relay 1401, front 
contact and inner right-hand armature of 
relay 1401, first contact and wiper 1402, 
winding of relay 1405, back contact and 
inner left-hand armature of relay 1406, ar 
mature and back contact of relay 1407 to 
ground. Relay 1405 now becomes energized 
in this circuit. At this stage, a ground is 
projected from the inner right-hand arma 
ture and front contact of relay 1405, outer 
right-hand armature and front contact of 
relay 1401, winding of magnet 1408 to bat 
tery and ground. Magnet 1408 becomes en 
ergized in this circuit and actuates the mul 
tiple contacts shown diagrammatically 
above it. A ground is also extended from 
the outer right-hand armature and front 
contact of relay 1405, the inner left-hand 
armature and back contact of relay 1409, 
winding of relay 1410 to battery and ground. 
Relay 1410 becomes energized in this circuit. 
Relay 1405 also closes a circuit from ground, 
armature and back contact of relay 1407, in 
ner left-hand armature and back contact 
of relay 1406, left-hand armature and front 
contact of relay 1405, winding of magnet 
1411 to battery and ground. Magnet 1411 
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controls the three wipers 1402, 1403 and 
1404 and upon its energization prepares to 
move them one step forward. . 
The energization of relay 1410 closes: a 

circuit from ground, right-hand armature 
and front contact of relay 1410, conductor 

70 

1412, conductor 1212, conductor 1012, nor 
mal contacts of the left-hand armature of 
relay 1000, conductor 1013, conductor 1213, 
conductor 1413, corresponding contacts of 
the multi-contact relay controlled by mag 
net 1408, conductor 1427, conductor 1327, 
conductor 1127, back contact and left-hand 
armature of relay.1125, conductor 1174, con 
ductor 974, corresponding contacts of line 
bar 922 and trunk bar 923, conductor. 935, 
conductor 735, outer left-hand armature and . 
back contact of relay 703, winding of trunk 
bar magnet 704 to battery. Trunk bar mag 
net 704 becomes energized in this circuit 
and upon its energization, extends giround 
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from its outer right-hand armature and 
front contact to conductor 745, conductor' 
845, conductor 1045, winding of magnet 
1001 to battery and ground. Magnet 1001 
controls a multi-contact device shown dia 
grammatically above it and in the circuit 
just described, it becomes energized and ac 
tuates these contacts. Magnet 1001 closes a 
circuit from ground, its lower armature, and 
front contact, winding of relay 1000 to bat 
tery and ground. Relay 1000 becomes en 
ergized and extends the ground from con 
ductor 1012 through the alternate contacts 
of its left-hand armature through the cor 
responding contacts controlled by magnet 
1001 to conductor 1046, and thence over 
conductor 846, conductor 746, the right 
hand winding of relay 703, the inner right 
hand armature and front contact of magnet 
704, winding of magnet 704 to battery. The 
ground which was extended to this magnet 
to cause its energization is disconnected 
upon the establishment of the circuit just 
described through the movement of the left 
hand armature of relay 1000. Relay 703 be 
comes energized in this circuit and opens 
the original energizing circuit of magnet 
704 but this magnet now remains energized 
in series with the right-hand winding of 
relay 703 and the ground extended thereto 
from conductor 1012. , 
Upon the energization of relay 1119 a cir 

cuit is also established from ground, the 
normal contacts and the right-hand al'ma 
ture of relay 1128, wiper 1130 and its nor 
mal contact, conductor 1136, conductor 1336; 
conductor 1536, conductor 1636, wiper 1604 
and its normal contact, conductor 1637, con 
ductor 1537, conductor 1337, conductor 1137, 
front contact and right-hand armature of 
relay 1119, conductor 1138, conductor 1338, 
conductor 1438, corresponding contacts of 
the multiple contact arrangement controlled 
by magnet 1408, conductor 1414, conductor 
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1214, conductor 1014, winding of relay 1002 
to battery and ground. Relay 1002 becomes 
energized in this circuit and extends ground 
from conductor 1012 through the front con 
tact and right-hand armature of relay. 1000, 
the right-hand almature and front contact 
of relay 1002, corresponding contacts of the 
multiple contact device controlled by mag 
net 1001, and thence to a - "conductor per 
forming the same functions as conduc 
tor 726. 
The conductor grounded by the perma 

nent signal relay 1002 and which corre 
sponds to conductor 726 is not shown on 
Fig. 7 on account of lack of space. Instead 
we will describe the results of grounding 
conductor 726, as these results will be ex 
actly the same with one exception that a 
different trunk outgoing from the district 
selector of Fig. 7 will be selected. 
Upon the grounding of conductor 726 a 

circuit is completed from ground, over con 
ductor 726, the right-hand armature and 
back contact of relay 712, winding of mag 
net 713 to battery. Magnet 713 becomes en 
ergized and actuates the line bar 714 which 
thereupon engages the corresponding con 
tacts of trunk bar 710 and extends the talk 
ing conductors to the non-numerical switch 
of Fig. 8. The ground on conductor 731 
is now extended through the corresponding 
contacts of trunk bar 710, line bar 714, 
through the right-hand winding of relay 712, 
winding of magnet 713 to battery and 
ground. When in a short interval the 
ground is removed from conductor 726, re 
lay 712 becomes energized and the energiza 
tion of magnet 713 is maintained over the 
connection from conductor 731. 
Let us now go back for a moment to the 

operations taking place in the marker in 
Fig. 14. Upon the energization of magnet 
1408 the operations above described were 
initiated and the circuit movement was con 
pleted during, the operation of this magnet. 
Simultaneously with the operation of mag 
net 1408 relay 1410 is energized as herèin 
before described. Tais results in the estab 
lishment of a circuit from ground through 
the left-hand armature of relay 1410, right 
hand armature and back contact of relay 
1415, winding of relay 1416 to battery and 
ground. Relay 1416 becomes energized and 
extends ground from its front contact and 
armature to the winding of relay 1417. Re 
lay 1417 in turn becomes energized and ex 
tends the ground from its armature and 
front contact to the winding of relay 1415. 
Relay 1415 becomes energized and locks to 
the ground supplied from the left-hand 
armature and front contact of relay 1410, 
whereupon the circuit for the energization 
of relay 1416 is opened and this relay re 
tracts its armature after a short interval. 

65. This results in the deenergization of relay 
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1417 which being also a slow-to-release relay 
consumes a definite time before it retracts 
its armiature. Upon the retraction of its 
armature a circuit is closed from ground, 
armature and back contact of relay 1417, 
front contact and left-hand armature of re- . 
lay 1415, winding of relay 1409 to bat 
tery and ground. Relay 1409 becomes 
energized and opens the original energizing 
circuit of relay 1410, but this latter relay 
being slow to release does not immediately: 
retract its armatures. 
In the meantime a circuit is established 

from ground thr?ugh the right-hand arma 
ture and front contact of relay 1409, con 
ductor 1418, corresponding contacts of the 
multicontact device controlled by magnet 
1408, conductor 1439, conductor 1339, con 
ductor 1139, winding of relay 1125 to bat 
tery and ground. Relay 1125 becomes ener 
gized in this circuit and locks through its 
front contact and inner right-hand arma 
ture to ground on conductor 1112, thus open 
ing the circuit of relay 1400 which there 
upon becomes deenergized. 
Upon the energization of relay 1410 

ground is extended over conductor 1419, con 
ductor 1219, and thence in series through 
the inner right-hand armature andback con 
tacts of relays 1200 to 1203, inclusive, con 
ductor 1205, conductor 1005, winding of re 
lay 1003, to battery and ground. The 
ground on conductor 1419 is also extended 
over conductor 1219, conductor 1019, wind 
ing of relay 1004 to battery and ground, and 
relays 1003 and 1004 now become energized. 
Thereupon ground on conductor 1012 is ex 
tended through the front contact and right 
hand armature of relay 1000, the left-hand 
armature and front contact of relay 1003, 
conductor 1006, front contact and corre 
sponding left-hand armature of relay 1004, 
conductor 1020, conductor 1220, conductor 
1420, corresponding contacts of the multi 
contact device controlled by magnet 1408, 
conductor 1440, conductor 1340, conductor 
1140, winding of relay 1141 to battery and 
ground. 
The energization of relay 1125 which is 

known as the marker release relay signifies 
the fact that the marker has performed all 
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of its functions and is now being released 
from further use in the present connection. 
The deenergization of relay 1410 removes 
ground from conductor 1412 which means 
the removal of ground from conductor 1046, 
thereby causing trunk bar magnet 704 to 
become deenergized so that the trunk bar 
710 returns to normal leaving only the con 
tacts associated with line bar 714 in opera 

The current flowing through 
the right-hand winding of relay 703 is now 
cut off, but this relay remains energized in 
a circuit including battery, the left-hand 
winding of relay 703, front contact and 
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inner left-hand armature of relay 703 to 
ground on conductor 730. The deenergiza 
tion of magnet 704 results in the removal of 
ground from conductor 745 whereupon mag 
net 1001 becomes deemergized and this is 
followed by the deemergization of relay 
1000. Relays 1002 and 1003 become de 
energized upon the deenergization of relay 
1410 so that all apparatus in the district 
translator, the office code translator and the 
marker in Figs. 10, 12 and 14, respectively, 
are returned to normal. 

It will be noted that both relays 1125 and 
1141 which depend for their energization 
upon the circuit movement in the district 
translator now remain energized through 
virtue of locking circuits including their 
front contacts and inner right-hand arma 
tures to the ground on conductor 1112. The 
energization of these two relays establishes a 
circuit from ground on conductor 1112, the 
outer right-hand armature and front con 
tact of relay 1124, the outer right-hand 
armature and front contact of relay 1125, 
the outer right-hand armature and front 
contact of relay 1141, winding of relay 1108 
to battery and ground, whereupon relay 1108 
becomes energized and locks up in a cir 
cuit from battery, its winding, its front con 
tact and inner right-hand armature, con 
ductor 930, front contact and inner left 
hand armature of relay 918, conductor 932, 
wiper 1106 and thence to ground. 

Relay 1108 is known as the sender release 
relay and its function is to cause the re 
lease of all of the common apparatus now 
associated with the calling subscriber's line. 
Through the actuation of its left-hand ar 
matures relay 1108 removes the relay 1110 
from control by the calling subscriber's 
line, whereupon this line relay 1110 becomes 
deenergized and allows the holding relay 
1111 to retract its armatures. However, re 
lay 1111 is slow to release, and, therefore, 
the ground on conductor 1112 is maintained 
for a short period of time after relay 1108 
has become energized. During this period 
a ground connection is established from the 
outer right-hand armature and front contact 
of relay 1108, front contact and left-hand 
armature of relay 1125, conductor 1174, con 
ductor 974, corresponding contacts of trunk 
bar 923 and line bar 922, conductor 935, 
conductor 735, outer left-hand armature and 
front contact of relay. 703 and thence in par 
allel through the windings of relays 702 
and 705 to battery. Relays 702 and 705 be 
cone energized in this circuit and relay 702 
extends the talking conductors of the calling 
????bers line to the armatures of relay 06. 
At the same time a circuit is established 

from ground on conductor 1112, the left 
hand armature and front contact of relay 
1141, conductor 1165, conductor 965, corre 

sponding contacts of trunk bar 923 and line 
bar 922, conductor 963, conductor 763, outer 
right-hand armature and front contact of 
relay 705, winding of relay 706 to battery 
and ground. Relay 706 becomes energized 
and locks up through its front contact and 
inner lower armature to the ground on con 
ductor 731. This relay switches the talking 
conductors of the calling subscriber's line 
past the repeating coil 707 and through the 
back contacts of relay 709 to the talking con 
ductors leading to the operator's trunk. The 
energization of relay 706 prevents the ener 
gization of relay 709 so that relay 706 acts 
as a means to remove the repeating coil en 
tirely from the circuit when this class of 
connection is established. 
When after a short interval relay 1111 

becomes deemergized and removes ground 
from conductor 1112 the ground on conduc 
tor 933 for holding line bar magnet 901 
actuated is disconnected and this magnet 
returns to normal, thereby releasing the 
sender selector. At the same time this re 
moves the ground from the left-hand wind 
ing of the holding relay 700 and this relay 
becomes deemergized to remove ground from 
conductor 731. However, since this con 
nection has by this time been extended in 
a manner to be described hereinafter from 
the non-numerical switch of Fig. 8 to an 
operator's position, a ground will be re 
turned over the third conductor from that 
point to substitute for the ground just re 
moved from conductor 731. 

It might be appropriate at this point to 
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mention the fact that two different super 
visory circuits are provided in the district 
selector of Fig. 7. It will be noticed that 
normally the polarized relay 715 is in cir 
cuit with the called end of the line. This 
polarized relay functions as a Supervisory 
relay when supervision is accomplished 
through the method of reversing the line. 
Under other conditions relay 717 is ener 

gized to substitute an ordinary supervisory 
relay 718 for the polarized relay 715. Such 
relay 718 is marginal, not responding to very 
weak currents, but attracting its armature 
when energized by a strong current. Relay 
717 may be energized through an appro 
priate class indication made in the district 
translator and communicated to the sender 
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wnere a relay similar in function to relay 
1141 will be energized to ground conductor 
750 at the outer left-hand armature of relay 
1108. Since the invention in the present 
case does not consist of this particular fea 
ture, it will not be more fully described at 
the present time. 
Going back for a moment to describe a 

little more fully the release of the marker, 
we find that when relay 1410 becomes deen 
ergized due to the energization of relay 
1409 as hereinbefore described, a circuit is 
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established from ground, right-hand arma 
ture and back contact of relay 1410, the 
front contact and outer left-hand armature 
of relay 1409, winding of relay 1406 to bat 
tery and ground. Relay 1406 becomes ener 
gized and opens the circuit of relays 1401, 
1405 and magnet 1411. Upon the deener 
gization of magnet 1411 the wipers 1402, 
1403 and 1404' are stepped forward to their 
second positions. The energization of relay 
1406 also causes the energization of relay. 
1407 and this relay becoming energized re 
moves ground from the inner right-hand ar 
mature of relay 1406 so that upon the deen 
ergization of relay 1409, relay 1406 will be 
come deenergized and its locking circuit will 
be maintained open for a sufficient time to 
prevent it becoming energized again. Thus 
the relays of the marker go, through a com 
plete cycle of operations and the marker 
magnet 1408 becomes deenergized after hav 
ing attracted its armatures for a definite 
period of time which is sufficient to insure 
the proper operation of the circuits con 
trolled thereby. 
Upon the energization of relay 1108 de 

scribed hereinbefore, the calling subscriber's 
line is removed from the control of relay 
1110 in the sender control circuit. When 
this relay becomes deemergized it results in 
the deenergization of the holding relay 1111. 
Relay 1111 becoming deenergized removes 
the ground from conductor 1112 thereby 
depriving magnet 901 of its energizing cir 
cuit whereupon it becomes deenergized and 
disconnects the sender from the calling 
line. w 

When relay 1410 becomes deemergized as 
hereinbefore described relays 1002, 1003 and 
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1004 become deenergized and thereby remove 
ground from conductor 1011. The deener 
gization of relay 1410 also removes ground 
from conductor 1046 so that the locking cir 
cuit of magnet 704 is now opened and this 
magnet retracts its armatures and returns 
trunk bar 710 to its normal position leaving 
only the contacts corresponding to the line 
bar in an actuated position. The deener 
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gization of magnet 704 also removes ground 
from conductor 745 which results in the de 
energization of magnet 1001 and this in turn 
results in the deenergization of relay 1000 
so that now all of the apparatus in the fig 
ures below Figs. 7 and 8 is returned to 
normal. 
The ground on conductor 731 being ex 

tended through the corresponding contacts 
of trunk bar 710 and line bar 714 is now 
connected through the two windings of line 
bar magnet 801 in series. This magnet con 
trols a set of armatures here shown to the 
left which become attracted on a slight ener 
gization of the magnet and another set of 
armatures shown here on the right which 

65 move with the line bar 822 and require a 
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much greater energization. Thus the ground 
extending through the two windings of mag 
net 801 in series causes only sufficient cur 
rent to flow to attract the left-hand arma 
tures of this magnet so that now a circuit is 
established from battery, the right-harid low 
resistance winding of magnet 801, the inner 
right-hand armature and back contact of 
magnet 801, the front contact and outer left 
hand armature of magnet 801, the back 
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75 
contact and outer left-hand armature of 
magnet 851, left-hand armature and back 
contact of relay 806, winding of relay 807 
to ground. Relay 807 becomes energized in 
this circuit but does not cause sufficient cur 
rent to flow in the right-hand winding of 

80 

magnet 801 to cause the energization of this 
latter magnet. The energization of relay 807, 
however, results in the energization of relay 
806, in a circuit extending from battery, the 
left-hand winding of relay 806, the front 
contact and armature of relay 807, the back 
contact and left-hand armature of relay 808, 

85 

back contact and left-hand armature of re. . 
lay 809, conductor 811, winding of relay 
812 to ground, relay 812 becomes energized 
in this circuit and extends ground to cun 
ductor 813 which leads, as in cases hereto fore explained, to an alarm circuit. Relay 
806 is energized in this circuit and thereby 
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opens the energizing circuit of relay 807, 
which in turn becomes deenergized and 
opens the circuit just traced, but before this 
circuit can be effectively disturbed, relay 
806 becomes locked in a new circuit from 
battery, the right-hand winding of relay 
806, the front contact and right-hand arma 
ture of relay 806, winding of relay 808, back 
contact and left-hand armature of relay 809, 
to the ground on conductor 811. Relay 808 
becomes energized in the locking circuit for 
relay 806 and thereupon extends a ground 
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from conductor 811 over the back contact 
and left-hand armature of relay 809, left 
hand armature and front contact of relay 
808, the left-hand armature and back con 
tact of relay 810, preference switch wiper 
817, left-hand armature and back contact 
of relay 818, winding of trunk bar magnet 
819 to battery and ground. Trunk bar 
magnet 819 becomes energized and actuates 
the trunk bar 823. This magnet also ex 
tends the ground which was instrumental in 
its energization through its inner left-hand 
armature and front contact to conductor. 820 
and thence to the winding of relay 810, but 
this relay having ground to its otheriter 
minal at this time does not become energized. 
Magnet 819 also extends a ground from its 
outer left-hand armature and front contact 
to the winding of relay 818 which thereupon 
becomes energized and removes the ground 
connection from the winding of miagnet 819, 
but magnet 819 remains energized in series 
with relay 810 which now becomes ener 
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fi%??? Thereupon a circuit is established rom ground, winding of relay 812, conduc 
tor 811, front contact and right-hand arma 
ture of relay 810, right-hand armature and 
back contact of relay 809, winding of relay 
824, front contact and left-hand almature 
of relay 806, outer left-hand al'mature and 
back contact of magnet 851, outer left-hand 
armature and front contact of magnet 801, 
back contact and inner right-hand a 'nature 
of magnet 801, right-hand low resistance of 
magnet 801 to battery and ground. Resist 
ance of relays 812 and 824 is low enough to 
permit sufficient current to flow in this cir 
cuit to cause the energization of magnet 80 
which thereupon actuates line bar S22 aid 
extends the talking conductors through the 
corresponding contacts of line bar S22 and 
trunk bar 823. Relay 824 becomes ener 
gized in this circuit and locks up througi). 
its right-hand armature and front contact 
to the ground on conductor 811. It also 
extends the ground on conductor S11 to the 
winding of relay 809 which now becomes 
energized and opens the original energizing 
circuit of relay 824. Upon the energiza 
tion of relay 810 a circuit is established 
from ground, left-hand armature and back 
contact of relay 809, left-hand armature and 
front contact of relay 808, left-handarina 
ture and front contact of relay 810, winding 
of magnet 814 to battery and ground. Mag 
net 814 prepares to move preference switch 
wiper 817 forward. Now upon the ener 
gization of line bar magnet 801 the energiz 
ing circuit of relay 824 is opened and this 
relay becomes deemergized and relay 809 
being held in a locking circuit ground would 
be removed from the left-hand armature of 
relay 808 were it not for the operation of 
the timing relay 816. it will be noted that 
in a manner similar to that heretofore de 
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scribed relay 816 is energized at the same 
time that ground is extended over prefer 
ence switch wiper 817. This ground con 
nection is extended through the armature 
and back contact of magnet 814, the right 
hand armature and back contact of relay 
815, winding of relay 816 to battery and 
ground. Relay 816 becomes energized in 
this circuit and establishes a connection 
from ground on conductor 811, through its 
front contacts and two armatures to the left 
hand winding of relay 815 which now be 
comes energized. Relay 815 opens the 
original energizing circuit of relay. 816 and 
at the same time locks up through its right 
hand winding, its front contact and right 
hand armature to the ground which caused 
the energization of relay 816. In an appro 
priate interval during which the circuit 
movement heretofore described takes place, 
relay 816 becomes deenergized and at this 
time ground is removed from the front con 
tact and left-hand armature of relay 808, 
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whereupon relay 808 and relay 806 become 
deenergized. The deemergization of relay 
808 caused by the removal of ground from 
the conductor 829 allows relay 810 and mag 
net 819 in series therewith to become deen 
ergized. Magnet 819 returns the trunk bar 
823 to normal position leaving only the 
contacts corresponding to line bar 822 in 
operative position. The deemergization of 
relay 810 also opens the circuit of magnet 
814 which now moves the preference switch 
wiper 817 forward. 
Under abnormal conditions the timing re 

lays 815 and 816 will operate in a similar 
manner to the corresponding relays hereto 
fore described. 
The calling subscriber's line is now ex 

tended to the conductors connected to trunk 
bar 823 which extend to a special operator's 
position (not shown), but well known in the 
art. The operator will be called in the 
usual manner and will investigate the reason 
for the extension of this call to her position. 

If the trouble is merely caused by the 
failure of the calling subscriber to manipu 
late his dial the operator will advise the call 
ing subscriber to hang up his receiver and 
initiate a new call. If the trouble is caused 
by a short circuit of the calling line an at 
tendant will be summoned who will open the 
calling line by actually opening the conduc 
tors 502 and 503 as they pass through what 
is known as the main distributing frame. 
This is done in order to restore the primary 
and secondary line switches appropriated by 
a calling line until the trouble can be 
remedied. Upon the hanging up of the 'e- 
ceiver of the calling station or the opening 
of the line as described the supervisory re 
lay in the operator's cord circuit becomes 
deenergized and the operator disconnects 
and thereby removes the holding ground 
from conductor 731, whereupon all relai's 
and magnets depending upon this ground 
for their energization become deemergized 
and the entire connection is restored to nor 
mal. 

We are now come to a consideration of 
certain special conditions resulting from the 
use of the substation sender. Some of these 
conditions result from the proper use and 
some from the improper use of this piece of 
apparatus and, so, for a clear understanding 
of these conditions, the following notes are 
made in regard to the dial. 
The dial used in connection with the pres 

ent system is illustrated in Fig. 3, section 3 
of volume 2, Machine switching equipment 
notes, copyrighted 1921 by the Western 
Electric Company. This dial is used to send 
a variable number of impulses consisting of 
short interruptions of the calling subscrib 
er’s loop circuit. These trains of impulses 
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vary from 1 to 10 according to the following 
code: 

Dial code. 

Impulses. Digit. Code letters. 
1. 1. 
2 2 ABC 
3 3 DEF 
4 4 GHI : 
5 5 JKlu 
6 6 MNO) , 
7 7 PRS. 
8 8 TUV - 
9 9 W?? 
10 0 Operator. 

The special condition created when the 
calling subscriber fails to dial has just been 
described under the heading “ Permanent 
signal.” The second special condition re 
Sults from the sending of a single impulse 
which may be done by the substation sender, or through the improper manipulation of 
the receiver hook and is known in the tele 
phone art as the 

Preliminary impulse. 
After the sender is attached to the calling 

subscriber's line, the receipt of a single im 
pulse will result in the momentary estab 
lishment of a circuit from ground, the arma 
ture and back contact of relay 1110, the 
front contact and left-hand armature of re 
lay 1111, winding of relay 1128, wiper 1133 
and its first position contact, right-hand 
armature and back contact of relay 1144, 
conductor 1145, conductor 1345, conductor 
1545, conductor 1645, winding of magnet 
1600 to battery and ground, resulting in the 
energization of this magnet. Upon the en 
ergization of relay 1110 the circuit of mag 
net 1600 is broken and this magnet becom ing deénergized, retracts its armatures and 
moves, wipers 1601 to 1606, inclusive, ? 

he 
current for energizing magnet 1600 bein 

causes the energization of this relay, which 
thereupon closes a circuit from ground, al 
ternate contact and right-hand armature of 
relay 1128, winding of magnet 1147, wind 
ing of relay 1148 to battery and ground. 
Magnet 1147 and relay 1148 become ener 
gized in this circuit and since relay 1128 is 
slow to release, they remain energized for a 
short period of time, after relay 1128 and 
magnet 1600 have become deenergized. 
During the energization, of relay 1148 a cir 
cuit is closed from ground, front contact 
and right-hand armature of relay 1148, 
third contact and wiper 1105, front contact 
and left-hand armature of relay 1100, back 
contact, armature and winding of magnet 
1101 to battery and ground, whereby mag 
net 1101 becoming energized, automatically 

t 
opens its own circuit, and becomes deemer 
gized to move wipers 1102 to 1106, inclusive, 
forward on to their fourth contacts. 
Upon the retraction of its armature by 

relay, 1128, the original energizing circuit 
of magnet 1147 and relay 1148 is opened, 
but due to the fact that only a singleim 
pulse has been sent, a substitute circuit is 
now established from battery and ground, 
winding of relay 1148, winding of magnet 
1147, conductor 1154, conductor 1354, con 
ductor 1554, conductor 1654, first active con 
tact and wiper 1603, conductor 1655, con 
ductor 1555, conductor 1355, conductor 1155, 
first position contact and wiper 1129, con 
ductor 1149, back contact and outer right 
hand armature of relay 1122, conductor 
1112, right-hand armature and alternate 
contact of relay 1111 to ground. Thus, re 
lay 1148 and magnet 1147 are maintained 
energized and brushes 1129 to 1134, inclu 
sive, and 1135 are prevented from moving 
off from their first contacts. At the same 
time a circuit is established from ground, 
the normal contacts of the right-hand ar 
mature of relay 1128, wiper 1130 and its 
first position contact, conductor 1136, con 
ductor 1336, conductor 1536, conductor 1636, 
first active contact and wiper 1604, conduc 
tor 1656, conductor 1556, conductor 1356, 
conductor 1156, left-hand winding of relay 
1144, back contact and left-hand armature 
of relay 1128 to battery and ground. Thus, 
relay 1144 is included in an energizing cir 
cuit and attracts its armatures at this time. 

If now, the calling subscriber should dial 
any other number, say, for instance, 5, the 
first impulse of this new series will be ab 
sorbed and the wipers controlled by magnet 
1600 will be moved forward four additional 
steps so that they will come to rest on their 
fifth active contacts corresponding to the 
digit 5. The manner in which this first im 
pulse is absorbed is as follows: Upon the 
retraction of its armature by relay 1110, a 

- g circuit is established from ground, the connected through the winding of relay 1128 left-hand armature and back contact of re 
lay 1110, the front contact and left-hand 
armature of relay 1111, winding of relay 
1128, wiper 1133 and its first contact, right 
hand. armature, front contact and right 
hand winding of relay 1144, conductor 1157, 
conductor 1357, conductor 1557, conductor 
1657 to battery and ground. Relay 1128 is 
energized in this circuit and maintains the 
energization of magnet 1147 and relay 1148, 
but does not cause the operation of magnet 
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1600 as heretofore, and because it is con 
nected in series with relay 1144 it maintains 
this relay energized until the end of this im 
pulse. During the time that current con 
tinues to flow through the relay 1128 and the 
right-hand winding of relay 1144 the ener 
gizing circuit including the left-hand wind 
ing of relay 1144 is opened and upon the 
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end of this impulse relays 1128 and 1144 be 
come deenergized But before relay 1128 
can retract its armatures, the second impulse 
of this series is sent and the connection is 
transferred by the right-hand armature of 
relay 1144 to its back contact and thence 
over conductors 1145, 1345, 1545, 1645, 
winding of magnet 1600, to battery and 

10 
ground, causing the further stepping of 
wipers 1601 to 1606, inclusive. 
Should the preliminary impulse described 

be not followed by another impulse then the 
time measure switch consisting of magnet 
1113 and the wipers 1114 to 1117, inclusive, 
will be brought into play in the manner 
heretofore described. Wiper 111 will be 
moved forward step by Step until it rests 
on its last contact. At this point the circuit 
for the magnet 1113 is opened as the wiper 
1115 comes to rest on its last contact which 
is not multipled to the others. However, a 
Substitute circuit is furnished by the con 
nection of ground over wiper 1117 and its 
last contact, wiper 1103 and its fourth con 
tact, winding of relay 1158 to battery and 
ground. This relay becomes energized and 
extends ground from its right-hand arma 

, ture to the winding of magnet 1101 which 
30 

35 

a) 

50 

50 

: deemergized and cause the time measure. 

now becomes energized. Relay 1158 also 
extends ground from its left-hand armature 
to the last position contact on which wiper 
1115 now rests. This results in the stepping 
of brushes 1114 to 1117, inclusive, to their 
normal positions. The circuit of relay 1158 
is therefore, opened and this relay retracts 
its armatures, thereby opening the circuit of 
magnet 1101 which steps the brushes 1102 
to.1106, inclusive, to their fifth active con 
tacts. The time measure switch controlled 
by magnet 1113 now goes through another 
complete cycle of operations resulting in 
the stepping of brushes 1102 to 1106, inclu 
sive, to their sixth active contacts and these 
brushes are in this manner stepped forward 
slowly until they rest on their last con 
tacts, whereupon a circuit is permanently es 
tablished from ground, the inner left-hand 
armature and back contact of relay 1107, 
inner right-hand armature and front contact 
of relay 1118, wiper 1117 and its last position 
contact, Wiper 1103 and its last active con 
tact, outer left-handarmature and back con 
tact of relay 1107, signal lamp 1160, to bat 
tery and ground. This lamp is caused to 
glow in this circuit and thereby notify the 
attendant of the fact that trouble has de 
veloped, 
If the trouble is removed before the time 

measure switch has resulted in the lighting 
of lamp. 1160 and relay 1110 is permanently 
deenergized, then relay 1111 will become de 
energized and remove ground from conduc 
tor 1112, whereupon relay 1118 will become 

switch. to quickly assume its normal Pasi 
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tion. Relay 1111 in retracting its armatures 
places a ground on conductor 1151 which is 
extended through conductor 1351, conductor 
1551, conductor 1651, wiper 1606, and thence 
over the multiple contacts with which it is 
associated through the back contact and 
armature of magnet 1600, winding of mag 
met 1600, to battery and ground, thuis in 
cluding magnet 1600 in a self-interrupting 
circuit, whereby it moves wipers 1601 to 
1606, inclusive, forward until they have as 
Sumed their normal position. 
Thereupon the ground on conductor 1651 is 

extended through wiper 1607 and its normal 
contact, wiper 1608 and its normal contact, 
conductor 1618, conductor 1518, conductor 
1318, first position contact and wiper 1302, 
wiper 1303 and its normal contact, conductor 
1304, conductor 1504 and thence through 
wipers 1505 to 1511, inclusive, and their nor 
mal contacts, conductor 1561, conductor 1361, 
conductor 1161, wiper 1131 and its first posi 
tion contact, conductor 1162, the multipled 
contacts associated with wiper 1104, front 
contact and left-hand armature of relay 1100, 
back contact, armature and winding of mag 
met 1101 to battery and ground. Thus mag 
met 1101 is included in a self-interrupting 
circuit and thereby automatically returns 
wipers 1102 to 1106, inclusive, to normal po 
sition. 
Wiper 1106 having assumed normal posi 

tion, ground is removed from conductor 932 
and relay 918 becomes deenergized. The re 
moval of ground from conductor 1112 re 
sults in the removal of ground from cOn 
ductor 933 which maintained the sender Se 
lector line bar magnet. 901 energized and this 
magnet now becomes deenergized and re 
turns the sender selector to normal. The re 
moval of ground from the winding of mag 
net 901 removes ground from conductor 780 
and allows relay 700 to becomedeenergized, 
whereupon ground is removed from conduct 
tor 731 resulting in the return to normal of 
the rest of the apparatus held in this con 
nection. 

Returning for a moment to a considera 
tion of the dial code, it will be noted that 
only digits 2 to 9, inclusive, have code iet 
ters associated with them. In this system 
only these digits, therefore, are used in Set 
ting up the office codes and the digits 1 and 
0 have no place in Sueh designations, except 
in special instances as will be described here 
inafter. Consequently, if the digit 1 or the 
digit 0 is used in anyone of the first three 
places of a telephone designation, it will re 
Sult in a special condition. It has just been 
shown that the digit 1, if dialed in the first 
place will result in a special condition known 
as the “preliminary impulse', and that this 
impulse will be absorbed in the next train of 
impulses sent, or if not followed up by an 
other series of impulses will cause the light 
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ing of signal lamp 1160. As an additional 
precaution, and assuming what under ordi 
nary conditions is an impossibility, we will 
assume that the A register controlled by 
magnet 1600 has been set on its first active 
contact and that the B and C registers have 
been set in a proper manner. 
shown hereafter, at the end of the fourth 
series of impulses, which is used as the 

10. 

5 

20 

thousands designation, magnet 1400 will be 
come energized. This will result, in the 
manner hereinbefore described, in the ener 

i gnet 1408. Re 
round from its left-hand armature and 
ront contact over conductor 1419 to con 
ductor 1219. In Fig. 12 there are three sets 
of four relays, one set corresponding to the 
A register of Fig. 16, another set corre 
sponding to the B register and a third set 
corresponding to the C register. Each set 
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contains an A, B, C and D relay and the A 
relay of the A set is designated as AA, the 
A relay of the B set is designated BA, and 
the Arelay of the C set is designated CA. 
These relays are energized in the follow 
ing combinations in response to the setting 
of the A, B and C registers: 

Code. 
Digit. - Relay energized. 

1. A. 
2 B 
3 A, B 
4 C 
5 D 
6 A D 
7 B, D 
8 A, B, D 
9 C, D 
0 None. 

Thus, the A register being set on its first. 
active contact, a circuit will be closed from 
ground, the left-hand armature and front 
contact of relay 1410, conductor 1419, cor 
responding contacts of the device controlled 
by magnet 1408, conductor, 1425, conductor 
1625, first active contact and wiper 1601, 
conductor 1624, conductor 1424, correspond 
ing contacts of the device controlled by 
magnet 1408, conductor 1425, conductor 
1225, winding of relay 1203 to battery and 
ground, and relay 1203 becomes energized 
in this circuit. Thus in accordance with the 
code just given, the A register being set in 
accordance with the digit 1 causes the en 

60 
ergization of the corresponding A relay in 
the A set of translating relays shown in 
Fig. 12. The ground on conductor 1219 is 
low extended through the inner right-hand 
armatures and back contacts of relays 1200, 
1201 and 1202, the inner right-hand arma 

As will be 

ay 1410 becoming energized extends a 

ture and front contact of relay 1203, con 
ductor. 1214, conductor, 1014, winding of 
relay 1002 to battery and ground, thus en 
ergizing the trouble relay. The energiza 
tion of this relay will result in the extension 
of the calling subscriber's line to a trouble 
operator in the same manner as hereinbe 
fore described in connection with the “per 
manent signal.” 
The next special condition to be noted 

is the direct result of the proper operation 
of the substation sender. In case the callin 
subscriber is in doubt as to how to rea 
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75 

a particular party, or wants to make some 
inquiry of what is known as the "informa 
tion operator,’ he will dial the digit 0 and 
his line will be extended to the 

Zero operator. 
For certain purposes now well known to 

the telephone companies, it is desirable to 
have an operator who may answer inquiries 
even in a full automatic telephone system 
and for this purpose, provision has been 
made here to extend a connection to an op 
erator by dialing zero. This means the 
sending of ten impulses in quick succession 
and each of short duration. Each impulse 
of this series results in the momentary de 
energization of relay 1110 whereupon a cir 
cuit is established from ground, the arma 
ture and back contact of relay 1110, the 
front contact and left-hand armature of re 

80 

85 

90 

95 

lay 1111, winding of relay 1128, wiper 1133 
and its first position contact, right-hand 
armature and back contact of relay 1144, 
conductor 1145, conductor 1345, conductor 
1545, conductor 1645, winding of magnet 
1600 to battery and ground. This ground 
is also extended through the armature and 
back contact of magnet 1600, thence over 
conductors 1652, 1552, 1352, first position 
contact and wiper 1134, winding of relay 
1153, left-hand armature and back contact 
of relay 1144 to battery and ground and re 
sults in the energization of relay 1153 which 
thereupon places ground through its right 

00 

105 
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hand armature on the winding of relay 1111, . 
and through its left-hand armature on the 
circuit for operating magnet 1600 to insure 
the proper operation of magnet 1600. Mag 
net 1600 becomes energized in this circuit 
and moves the brushes 1601 to 1606, inclu 
sive, forward one ste 
impulse. When magnet 1600 has moved 
its armatures forward where their proper 
operation is insured, it opens the circuit of 
relay 1153 and this relay becomes deener 

115 

p at the end of each 
20 

gized. Hereafter only the energizing cir 
cuit for the switch stepping magnet will be 
described as it is thought unnecessary to de 
scribe the action of relay 1153 during each impulse. 

Relay 1128, in series with this impulse 
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circuit, becomes energized but being slow 
to release maintains its armatures attracted 
throughout the sending of this set of im 
pulses. Through its right-hand armature, 
relay 1128 connects ground to magnet 1147 
and thence through the winding of relay 
1148 to battery and ground. Magnet 1147 
and relay 1148 are energized in this circuit. 
Relay 1148 establishes a connection from 
ground, the front contact and right-hand 
armature of relay 1148, the second position 
contact and wiper 1105, front contact and 
left-hand armature of relay 1100, back con 
tact, armature and winding of magnet 1101 
to battery and ground. Magnet 1101 be 
comes energized and breaking its own cir 
cuit automatically deenergizes itself and 
moves brushes 1102 and 1106, inclusive, to 
the third positions whereupon the dial tone 
is disconnected from the calling line by the 
movement of wiper 1102. The calling sub 
scriber is thereby apprised of the fact that 
the dial impulses have been received by the 
sender. 
At the end of this series of impulses, re 

lay 1128 retracts its armatures, whereupon 
magnet 1147 and relay 1148 become deener 
gized. The deemergization of magnet 1147 
results in the movement of wipers 1129 to 

30 1134, inclusive, on to their second position 
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contacts. 
At this time a circuit is completed from 

the ground on conductor 1112 through the 
Outer right-hand armature and back con 
tact of relay 1122, conductor 1149, wiper 
1129 and its second position contact, back 
contact and left-hand armature of relay 
1124, conductor 1150, conductor 1350, con 
ductor 1550, conductor 1650, wiper 1605 and 
its tenth contact, conductor 1646, conductor 
1546, conductor 1346, conductor 1146, outer 
right-hand armature and back contact of 
relay 1125, conductor 1126, conductor 1326, 
conductor 1426, winding of relay 1400 to 
battery and ground. Relay 1400 performs 
the same function as that heretofore de 
scribed, causing the energization of magnet 
1408 and relay 1410. A circuit is now es 
tablished from ground, the left-hand arma 
ture and front contact of relay 1410, conduc 
tor 1419, conductor 1219, and thence over 
the back contacts and inner right-hand ar 
matures of relays 1200 to 1203, inclusive, 
conductor 1205, conductor 1005 to the wind 
ing of relay 1003 and in multiple therewith 
from conductor 1219, conductor 1019, wind 
ing of relay 1004 to cause the operation of 
these two relays in the same manner as here 
tofore described. In this case, however, one 
difference exists and that is that relay 1002 
does not become energized as heretofore de 
scribed. A ground is now closed from the 
back contact and left-hand armature of re 
av 1002, the right-hand armature and front 
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contact of relay 1003 and thence through 
the corresponding contacts of the multi-con 
tact relay device controlled by magnet 1001 
to a conductor similar to conductor 726 but 
leading to a different group than that 
grounded by the permanent signal relay 
1002. Under certain conditions, these two 
conductors may be connected together. So 
that the same operator will be called in 
upon either a permanent signal or the dial 
ing of the zero operator as in the present:7; 
CS8. 
The operation now is very similar to 

the operation heretofore described in con 
nection with the permanent signal, that is, 
the ground connection established by relay 
1410 causes the operation of magnet 704 and 
later on, relays 1141 and 1125 are both ener gized, resulting in the energization of the 
sender release relay 1108 and the consequent 
disconnection of the sender from the calling 
line. 

:At this stage, another function is per 
formed which consists in connection of 
ground to conductor 1151 upon the retrac 
tion of its armatures by the holding relay 
1111. This ground is extended over conduc 
tors 1151, 1351, 1551, wiper 1606, back con 
tact and armature of magnet 1600 to battery 
and ground. Magnet 1600 is thus included 
in a self-interrupting circuit and moves the 
wipers which it controls to their normal position, whereupon this self-interrupting 
circuit is broken and the connection is there 
by entirely returned to normal position. 
Another special condition will be en 

countered when the calling subscriber dials 
a wrong office code which contains the digit 
1 in the second or third place. In case the 
digit 1 is in the second place, then the BA 
relay of Fig. 12 will be energized and 
ground on conductor 1219 will be extended 
through the inner right-hand armatures and 
back contacts of relays 1206, 1207 and 1208, 
and the inner right-hand armature and 
front contact of relay 1209, through the 
winding of relay 1210 to battery and 
ground. Relay 1210 will become energized 
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in this circuit and will extend ground which 
will be found on conductor 1011 to conduc 
tor 1211, right-hand armature and front 
contact of relay 12:10, inner left-hand arma 
ture and back contact of relay 1215, con 
ductor 1205, conductor 1005, winding of re 
lay 1003 to battery and ground and thus the 
call will be routed in the manner hereinbe 
fore described to the zero Operator. 
Should the digit 1 be found in the third 

position, that is, registered on the C register, 
the CA relay will be energized and ground 
will be extended from conductor 1211 over 
the inner right-hand armatures and back 
contacts of relays 1221, 1222, 1223, and the 
inner right-hand armature and front con 
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tact of relay. 1224 to the winding of relay 
1215, so that this relay becomes operated. 
Ground is now extended from conductor 
1211, the right-hand armature and back con 
tact of relay 12:10, the outer left-hand arma 
ture and front contact of relay 1215, conduc 
tor 1205, conductor 1005, winding of relay 

and ground, so that in this 
case the call is routed to the zero operator. 

If the digit 0 is found in the first, second, 
or third position, or in any combination of 
these positions, the call will be routed to the 
Zero operator since either one or more of the 
three sets of translating relays Of Fig. 12 
will be wholly deenergized and a connec 
tion will be made either from conductor 
1219 to conductor 1205, or from conductor 
1211 to conductor 1205, thus energizing the 
operator's relay 1003. . Y 

Official codes. 
One other special condition should be 

noted at this point. This is the provision 
for routing calls to the official telephones 
provided for the use of the employees of the 
telephone company. Here, a special code 
consisting of anyone of the digits 2 to 9, 
inclusive, in the first place, is used in com 
bination with the digit 1 repeated in the 
second and third positions. Let us assume 
for the time being that the code 911 is set 
up on the A, B and C registers. The A 
register will have its wipers set on their 
ninth active contacts and will result accord 
ing to the translating relay code in the en 
ergization of relays C and D of the A set, 
so that a circuit is closed from ground on 
conductor 1219 through the back contact 
and outer left-hand armature of relay 1203, 
the left-hand armature and front contact of 
relay 1200, the left-hand armature and front 
contact of relay 1201, winding of magnet 
1216 to battery and ground, causing the en 
ergization of magnet 1216. The setting of 
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time a circuit 

the B register and C register in accordance 
with digit I will cause the energization of 
relays 1210 and 1215 as heretofore described, 
so that a circuit will now be established 
from the ground on conductor 1211 through 
the left-hand armature and front contact of 
relay 1210, the right-hand armature and 
front contact of relay 1215, conductor 1217, 
corresponding contacts controlled by mag 
net 1216, conductor 1218, conductor 1018, 
and thence into the multi-contact relay de 
vice associated with the set of conductors of 
which conductor 1018 is one. At the same 

is established from the 
ground on conductor 1211 through the 
right-hand armature and front contact of 
relay 1210, the inner left-hand armature 
and front contact of relay 1215, conductor 
1227, conductor 1027, ma 
tery and ground, whereby the ground ex 

gnet 1028 to bat 

tended over conductor 1018 is now connect 
ed through the agency of magnet 1028 to a 
particular set of points in this multi-con 
tact device to cause the extension of the 
calling line to the official telephone called 
by this particular code. 
which this is done will be fully explained 
hereinafter in connection with the routing 
of another call. 

Three-digit operator. 

still another class of calls to an operator and 
this condition arises when the calling party 
attempts to establish a connection to a tele 
phone in a Zone for which he would have to 
pay a greater amount than for ordinary 
calls. Let us assume that this telephone 
system is located in New York city and that 
the calling subscriber attempts to establish 
.a. call to the town of Wantagh, Long Ísland, 
and that this is outside the metropolitan 
area. The telephone directory would give 
the telephone address of the wanted sub 
scriber as, say WANtagh 1234, which would 
indicate to the calling subscriber that he 
must dial the three code letters WAN be 
fore he dials the number of the particular 
telephone. According to the dial code given 
heretofore, he would dial the digits 9, 2, 6 
which would result in setting the A register 
on its ninth active contact, the B register. 
On its second active contact and the Creg 
ister on its sixth active contact and this 
would result in routing the call to the three digit operator. 
The A register being set on its ninth ?? 

tive contact would result in the energization. 
of the AC and AD relays; the B register 
being set on its second active contact would 
result in the energization of the BB relay 
and the C register being set on its sixth 
active contact would result in the energiza 
tion of the CA and CD relays. A circuit 
Will now be established as follows: from 
ground, on conductor 1219, through the back 
contact and outer left-hand armature of re 
lay 1203, the left-hand armature and front 
contact of Irelay 1200, the left-handi arma 
ture and front contact of relay 1201, wind 
ing of magnet 1216 to battery and ground. 
Ground will also be extended over conductor 
1219, the inner right-hand armature and 
back contacts of ré??ys 1206 and 1207, the 
inner right-hand armature and front con 
tact of relay 1208, the inner left-hand ar 
mature and back contact of relay 1209, con 
ductor 1228. Ground will also be extended 
from conductor 1211, the outer right-hand 
armature and front contact of relay 1224, 
the outer right-hand armature and front 
contact of relay 1221, the outer right-hand 
armatures and back contacts of relays 1222 
and 1223, conductor 1229, conductor 1029, 
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to the right-hand multi-contact relay device 
shown in Fig. 10. The energization of mag 
net 1216 and the grounding of conductor 
1228 results in the grounding of conductor 
1230. Ground is thereupon extended over 
conductor 1030 to the winding of magnet 
1031 so that this magnet becomes energized 
and extends the ground connection from 
conductor 1029 through the same contact 
controlled by magnet 1001 which was 
grounded by the relay 1003 heretofore de 
scribed. The ground on conductor 1029. 
is also extended through the cross connec 
tion indicated to conductor 1033 which is a 
branch of conductor 1006, and therefore 
performs the same function that the ground 
on conductor 1006 performed as heretofore 
described. Thus the dialing of a code des 
ignating an office outside of the metropoli 
tan area will result in the functioning of the 
apparatus in the same manner as caused by 
the operator's relay 1003 and the call will 
be routed to the operator. 

Class indications. 
Having now described certain special 

conditions which will occur during the first 
stages of the connection, it is appropriate to 
mention certain other conditions which oc 
cur at a later stage. It will be noticed that there are ten registers provided for receiv 
ing and recording designations sent by the 
calling station. Three of these registers 
designated A, B and C, are shown in Fig. 
16 and the other seven are shown in Fig. 15. 
Reading from the right in Fig. 15, these 
registers are first, the thousands register, 
Second, the hundreds register, third, the 
tens register, fourth, the units register, and 
lastly, the three stations registers. In case 
of a simple party line having four digits 
and a stations designation, only the first of 
these stations registers will be used. In 
case of other party lines, three stations 
registers will be used. In the regular order, 
these registers will be set beginning with the 
A register from Fig. 16 and taking each one 
in turn toward the left. 
The first three registers will record what 

is known as the office code and, as we have 
seen heretofore, will respond to the code 
letters dialed by the calling subscriber in 
accordance with the name of the office in 
which the called number is located. The 
office code will be translated and will cause 
the setting of the district selector of Fig. 7 
to direct the calling line in a particular one 
of a large plurality of directions. At the 
same time, a class indication will be sent 
from the translator in Fig. 10, back to the 
sender control circuits in Figs. 11 and 13. 
Here certain relays are operated to perform 
the following functions. 
We have seen in the previous description 

how the operator's relay 1141 was operated 
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in response to the operator's relay 1003 so 
that this relay will not, at present be de 
scribed. - 

In Fig. 13, there are three relays 1305, 
1306 and 1307 known as the compensating 
resistance relays. As will be seen hereinaf 
ter, the sender, after causing the district Se 
lector of Fig.7 to extend the connection in a 
certain direction, will send out a code of im 
pulses over the trunk selected to operate ap 
paratus further on. These impulses are of 
the type' known as relay call indicator im 
pulses and consist in pulses of plus and mi 
nus currents of varying strength. Since all 
trunk lines are not of the same length and 
therefore not of the same resistance, the 
marginal relay which must not respond to 
the weak impulses and must respond to the 
strong impulses, is adjusted to a line of 
maximum resistance. Therefore, when a 
trunk line of less than the maximum resist 
ance is encountered, certain artificial resist 
ances must be introduced into the impulse 
circuit so that the marginal relay will be 
properly actuated. These artificial resist 
ances are controlled by the relays 1305, 1306 
and 1307. If, for instance, a trunk line is 
picked which has a minimum resistance, then 
none of the relays 1305, 1306 and 1307 will be 
actuated, thus leaving all of the resistance 
coils shown above these relays in circuit. If 
a trunk line, which has a definite amount of 
resistance dess than the maximum, is Selected 
then a particular one of these three relays 
will be actuated and thus short circuit the 
corresponding resistance coils. 
The selection and operation of one or more 

of these compensating resistance relays is 
controlled by the cross connection from the 
translator in Fig. 10 to the class indicator 
controlled by relay 1004. 

After the calling subscriber has sent in 
the designation of the called line and there 
by set the registers shown in Figs. 15 and 
16, apparatus shown in Fig. 13 becomes ac 
tive to send impulses out over the selected 
trunk. Under certain conditions, no im 
pulses are sent from this point until after 
all of the registers in Fig. 15 have been set 
and under other conditions, the sending of lili 
impulses will take place after the thousands 
register has been set. For instance, if the 
class indicated by the particular code set up 
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on the A, B and C registers points to an 
office where there are party lines, then it is 
obviously not possible to begin the sending 
of the impulses until the stations designa 
tion has been received because it is the usual 
practice to reverse the order of sending, so 
that where the calling subscriber has regis 
tered, the three office code digits, the thou 
Sands, hundreds, tens, units and stations 
digits in order, these designations must be 
repeated in the order of first, the stations 
digit, second, the thousands digit, third, the 
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hundreds digit, fourth, the tens and lastly, the 
units digit. Therefore, a relay known as the 
relay call indicator relay and here desig 
nated 1159, is provided and may be operated 
in direct response to the registration of a 
particular office code. This relay 1159 has 
its active terminal in one of the armatures 
of relay 1004, and when it becomes ener 
gized, it prevents the starting of the lim 
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pulse sender at the usual time and does not 
allow the impulses to go out until after the 
stations digit has been recorded. VK. 

If the Office code indicates that the call 
is local or intra-office then it is obvious that 
the office code need not be retransmitted and 
for this purpose a numerical relay, here 
designated 1313, is provided. This relay 
causes the impulses sent from the apparatus 
of Fig. 13 to start directly with the sta 
tions digit and follow this with the thou 
sands digit and so on. 
In case the office code indicates an inter 

office call so that the connection will he 
routed through a mechanical switching cen 
ter, sometimes known as a tandem office, then 
in this system the designations sent in by 
the calling subscriber will be repeated into 
apparatus in the mechanical switching cen 
ter, and later a part of the designation will 
be again repeated into apparatus at the of 
fice containing the called line. Since the 
stations digit must be received first at the 
terminating office, it is obvious that if a re 
versal took place between the calling office 
and the mechanical switching center and an 
other reversal took place between the me 
chanical switching center and the terminat 
ing office, trouble might develop. To obviate 
this, a relay, here designated 1310, is pro 
vided which may be actuated whenever a 
call is, routed through a mechanical switch 
ing center to preserve the original order of 
recording during the first repetition. 
Another class of calls is directed to offices 

containing more than 10,000 lines, that is 
offices where a five digit code in certain in 
stances must be used. In this case, a relay 
1314 is provided which is responsive to the 
setting of the thousands register on its first 
active contact which indicates that a call 
to the ten thousands group in some office 
is being registered. In this case, the 
thousands register becomes the ten thou 
sands register, the hundreds register be 
comes the thousands register, the tens reg 
ister becomes the hundreds register, the 
units register becomes the tens register and 
the first stations register becomes the units 
register. 
digit numbers beginning with the digit 1 
with calls of this particular class, a relay 
1311 is provided to render the relay 1314 
effective only in certain cases, as indicated 
by the office code. Thus, relay 1814 is 

number of different directions. 

In order not to confuse the four 

under the direct control of the thousands 
register but the stations relay 1311 is under 
the control of the class indicator controlled 
by relay 1004. W v 
The above class distinctions may be some 

what more apparent from the following 
list of classes of service which may be pro 
vided in this system. The district selector 
capacity and may direct a call in a large 
's Two direc 
tions have been previously noted, that is, 
the trunks leading to the trouble operator 
and the trunks leading to the zero and three 
digit operator. In addition there may be 
trunks leading to a mechanical switching 
center where the apparatus will respond to 
the impulses sent out from the sender in 
Fig. 13 and where the call will be further 
extended by means of mechanical switching 
apparatus. There may be trunks leading 
to apparatus in the same office so that we 
have full mechanical operation and the im 
pulses sent out from the sender in Fig. 13 
will control apparatus in the same office 
to automatically extend a connection to the 
called subscriber's line. There may be 
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of Fig. 7 is a switching device of large 
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trunks leading to a mechanical switching 
center equipped to take care of four digit 
numbers only and there may be trunks lead 
ing to a mechanical switching center. 95 
equipped to take care of five digit numeri- , 
cal designations. Other trunks may lead to 
what is known as a relay call indicator tan 
dem office where the impulses sent out from 
the sender in Fig. 13 will cause indicating 
apparatus to indicate the further direction, 
of the call to an operator in the tandem 
office who will thereupon cooperate in ex 
tending the connection to the called party 
in the terminating office. This particular 
class of service may be again divided into 
two classes, one taking care of only four 
digit numbers and another taking care of 
five digit numbers. There may be still other 
trunks leading directly to a relay call indi 
cator office where the impulses sent from the 
sender in Fig. 13 will cause the indicating 
apparatus to point out the further direc 
tion of the call to an operator who is in the 
terminating office who will thereupon com 
plete the connection, and again this partic 
ular class of service may be provided for 
either four or five digit offices. 
With this brief statement of functions and 

possibilities, we will not go on to the trac 
ing of a call to a particular called sub 
scriber. ,$ 

Interoffice connection. 
For the purpose of illustration we will 

assume that a call is to be established to 
telephone Wadsworth 1102. This will be 
shown in the directory as WADsworth 1102 
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scribed. 
When the calling subscriber dials the first 

s 

and, according to the dial code heretofore 
given, this means that the calling Sub 
scriber will dial the following seven digits 
9, 2, 3, 1, 1, 0, 2. Further, for the sake 
of illustration, we will assume that the 
Wadsworth office has no party lines and 
that it is a distant office and will have to 
be reached through a mechanical switching 
center. The code 923 will, therefore, have 
to indicate these facts. This is done by 
causing relay 1310 to be energized as class 
indication for the purpose hereinbefore de 

digit 9, it will cause the line relay 1110 to 
retract its armature nine times in quick suc 
cession, thus setting the A register in Fig. 
16 in the manner hereinbefore described. 

30 

25 

30 

35 

45 

At the end of this series of impulses, relay 
1128 becoming deenergized opens the circuit 
of magnet 1147 and relay 1148. Upon the 
deenergization of magnet 1147, wipers 1129 
to 1134, inclusive, are moved to their second 
position contacts. The next series of im 
pulses may be traced through relay 1128, 
wiper 1133 and its second position contact, 
conductor 1163, conductor 1363, conductor 
1563, conductor 1663, winding of magnet 
1610 to battery and ground and thus the B 
register is set. At the end of this series 
of impulses wipers 1129 to 1134, inclusive, 
are moved to their third position contacts, 
and in a similar manner each of the other 
registers is set in accordance with the desig 
nations assumed. In the manner described, 
at the end of the third series of impulses, 
wiper 1129 is moved to its fourth contact, 
whereupon a circuit is established from 
ground the normal contacts of the right 
hand armature of relay 1111, conductor 
1112, outer right-hand armature and back 
contact of relay 1122, conductor 1149, wiper 
1129 and its fourth position contact, back 
contact and left-hand armature of relay 
1159, winding of relay 1124 to battery and 
ground. Relay 1124 becomes energized in 
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this circuit and locks up through its front 
contact and inner right-hand armature, the 
outer right-hand armature and back contact 
¬lay 1159 to the ground on conductor 
A circuit is now established from 

on conductor 1112, through the outer right 
hand armature and front contact of relay 
1124, conductor 1146, the outer right-hand 
armature and back contact of relay 1125, 
conductor 1126, conductor 1326, conductor 
1426, winding of relay 1400 to battery and 
ground. Relay, 1400 becomes energized and 
in the manner hereinbefore described causes, 
the energization of magnet 1408 and relay 
1410. A circuit is now extended from 
ground, right-hand armature and front con 
tact of relay 1410, conductor 1412, conductor 

ground 
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1212, conductor 1012, normal contacts of the 
left-hand armature of relay 1000, conductor 
1013, conductor 1213, conductor 1413, cor 
responding contacts controlled by magnet 
1408, conductor 1427, conductor 1327, con 
ductor 1127, back contact and left-hand 
armature of relay 1125, conductor 1174, con 
ductor 974, corresponding contacts of trunk 
bar 923 and line bar 922, conductor935, con 
ductor 735, outer left-handarmature and back 
contact of relay 703, winding of magnet 704 
to battery and ground. Magnet 704 is en 
ergized in this circuit and attracts its arma 
tures and moves the trunk bar 710 into Oper 
ative position. The energization of magnet 
704 results in the connection of ground from 
the outer right-hand armature and front 
contact of magnet 704 to conductor 745. 
whence it is extended over conductor 84.5 
and conductor 1045 to the winding of mag 
net 1001. Magnet 1001 becomes energized 
and extends a ground connection from its 
lower armature and front contact to the 
winding of relay 1000 which now becomes 
energized and transfers the ground connec 
tion from conductor 1013 to conductor 1007 
whence it is extended through the core 
sponding contacts controlled by magnet 1001 
to conductor 1046 and thence over conduc 
tor 846, conductor 746, right-hand winding 
of relay 703, the inner right-hand armature, 
front contact and winding of magnet 04 
to battery and ground to maintain this lat 
ter magnet energized for the time being. 
The energization of relay 1000 also extends 
the ground on conductor 1012 to conductor 
1011. Thereupon and in accordance with 
the code heretofore given the translating 
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relays in Fig. 12 will be energized in such 
a manner that magnet 1216 is energized and 
conductor 1228 is grounded resulting in the 
grounding of conductor 1230 and the con 
sequent energization of magnet 103i. In 
the sanne manner relays 1223 and 1224 are 
energized and ground is extended from coil 
ductor 12:11, over the inner right-hand arlma 
ture and back contacts of relays 1221 and 
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1222, the inner right-hand armature and 
front contact of relay 1223, the inner left 
hand armature and front contact of relay 
1224, conductor 1232, conductor 1032 and 
thence into the translating device of Fig. 
10. The contacts corresponding to conduc 
tors 1032 and magnet 1031 are now rendered 
effective. These are cross connected in the 
manner indicated so that upon the energiza 
tion of magnet 1001, conductor 726 becomes 
grounded and the front contact and arma 
ture of relay 1004 leading to the relay 1310 
is grounded. This latter circuit may be 
traced from ground, right-hand armature 
and front contact of relay 1410, conductor 
1412, conductor 1212, conductor 1012, front 
contact and right-hand armature of relay 
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1000, conductor 1011, inner right-hand arma 
tures and back contacts of relays 12:21 and 
1222, inner right-hand armature and front 
contact of relay 1223, inner left-hand anna 
ture and front contact of relay 1224, conduc 
tor 1232, conductor 1032, cross connecting 
connector 1034, front contact and outer 
right-hand armature of relay 1004, conduc 
tor 1035, conductor 1235, conductor 1435, 
corresponding contacts controlled by mag 
get 1408, conductor 1428, conductor 1328, 
relay 1310 to battery and ground. Relay 
1310 becomes energized in this circuit and 
locks up through its outer left-hand arma 
ture and front contact to the ground on con 
ductor 1312 (which is an extension of con 
Iet it be assumed that the trunk leading 

to the mechanical switching center is of 
less than the maximum resistance and that 
certain additional resistance is required in 
the impulse circuit to take care of the proper 
operation of the marginal relay at the me 
chanical switching center. Therefore, an 
additional cross connection will be made 
from the translator to the class indicator 
whereby ground will be extended over cross 

35 

connecting conductor 1036, through the 
front contact and innermost right-hand ar 
mature of relay 1004, conductor 1043, con 
ductor 1243, conductor 1443, corresponding 
contacts controlled by magnet 1408, conduc 
tor 1444, conductor 1344, winding of relay 
1805 to battery and ground. Relay 1305 be 
comes energized and locked through its 
front contact and lower armature to the 
ground on conductor 1312 and through the 
actuation of its two upper armatures it 
short-circuits the resistances 1319 and 1320 
thereby adjusting the resistance of the im 
pulse path to the particular trunk line se. 
lected. - - - 
Ground is also extended over cross con 

necting conductor 1008 and thence through 
the corresponding contacts controlled by 
magnet 1001 to conductor 1026, conductor 

50 

5 5 

(30 

826, conductor 726, the armature and back 
contact of relay 712, winding of magnet 713 
to battery and ground. Magnet 713 becomes 
energized in this circuit and operates line 

it bar 714 whereupon connection is made be 
tween the corresponding contacts of trunk. 
bar 710 and line bar 714, thus extending the 
called end of the trunk line in Fig. 7 to the 
non-numerical switch of Fig. 8. Ground 
on conductor 731 now being extended to the 
apparatus of Fig. 8 causes the operation of 
the non-numerical switch at that point, 
whereupon the connection is extended into 
the office selector circuit in the mechanical 
switching center here shown in Fig. 17. 

In a predetermined length of time as 
marked off by the operation of the timing 
relays in Fig. 44, relay 1125 will become op 

erated in the manner described. This is an 
indication that the marker has performed 
its functions and is being released. The 
operation of relay 1125 results in the estab 
lishment of a connection from ground on 
conductor 1112, the outer right-hand arma 
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70 
ture and front contact of relay 1124, con 
ductor 1146, outer right-hand armature and , 
front contact of relay 1125, outer right 
hand armature and back contact of relay 
1141, conductor 1164, conductor 1364, wind 
ing of relay 1308 to battery 

up through its front contact and inner lower 
armature to the ground on conductor 1312. 
A circuit is now established from ground, 

and ground. 
Relay 1308 now becomes energized and locks 

5 

the outer left-hand armature and back con 

ductor 1765, back contact and upper arma 
ture of relay 1702, conductor 1763, conduc 
tor 863, corresponding contacts of trunkbar 
823 and line bar 822, conductor 865, conduc 
tor 765, corresponding contacts of the line 

tact of magnet 1901, conductor 1965, con 

85 

bar 714 and trunk bar 710, conductor 763, 
back contact and outer right-hand armature 
of relay 705, conductor 963, corresponding 90 
contacts of line bar 922 and trunk bar 923, 
conductor 965, conductor 1165, conductor 
1365, front contact and uppermost armature. 
of relay 1308, resistance coil 1321, resistance 
coil 1322, front contact and uppermost ar 95. 
mature of relay 1305, back contact and inner 
left-hand armature of relay 1323, winding. 
of relay 1327, outer left-hand armature and 
back contact of relay 1323, inner upper ar 

00 mature and front contact of relay 1305, re 
sistance 1324, resistance 1325, inner upper 
armature and front contact of relay 1308, 
conductor 1366, conductor 1166, conductor 
966, corresponding contacts of trunk bar 923 
and line bar 922, conductor 964, conductor 
764, corresponding contacts of trunk bar 710 
and line bar 714, conductor 766, conductor 866, corresponding contacts of line bar 822 
and trunk bar 823, conductor 864, conductor . 
1764, inner lower armature and back contact, 
of relay 1702, conductor 1766, conductor 

ll.0 

1966, back contact and inner left-hand ar 
mature of line bar magnet 1901, left-hand 
winding of line relay 1905 to battery 
ground. Line relay 1905 and impulse relay 

and 
115 

1327 both become energized in this circuit. 
The energization of relay 1327 results in 

the connection of ground from conductor 
1312 through the front contact and arma 
ture of relay 1327, winding of relay 1329 to 
battery and ground. Relay 1329 becomes 

20 

energized in this circuit and extends the 
ground which caused its energization to the 
winding of relay 1300, but this relay having 

1312 does not become energized at this time. 
Line relay 1905 is energized and thereby 

its other terminal connected to conductor 

completes a circuit from battery through the 



such that it 
O 

5 

20 

30 

35 

40 

45 

50 

60 

22 

right-hand low resistance winding of line 
bar magnet 1901, right-hand low resistance 
winding of line relay 1905, front contact 
and right-hand armature of line relay 1905, 
left-hand armature and back contact of 
group relay 1906, winding of group relay 
1907 to ground. Relay 1907 becomes ener 
gized in this circuit, but its resistance is prevents the energization of 
line bar magnet 1901 at this instant. 

Relay 1907, upon energizing, establishes a 
circuit from battery, left-hand winding of 
group relay 1906, front contact and arma 
ture of relay 1907, back contact and left 
hand armature of starter relay 1908, back 
contact and left-hand armature of relay 
1909, conductor 1911, winding of alarm re 
lay 1912, to ground. Alarm relay 1912 be 
comes energized in this circuit and extends a 
ground over conductor 1913 to an alarm cir 
cuit in the same manner as relay 512 in the 
primary master switch. Group relay 1906 
also becomes energized in this circuit and 
opens the original energizing circuit of relay 
1907, but before this latter relay can be 
come deenergized and open the circuit for 
relay 1912, a substitute circuit is closed from battery through the right-hand winding of 
relay 1906, front contact and right-hand 
armature of relay 1906, winding of starter 
relay 1908 and thence over the circuit de 
scribed to the ground on conductor 1911. 
Relay 1908 becomes energized in this cir 
cuit and extends ground through the wind 
ing of relay 1912, conductor 1911, back con-. 
tact and left-hand armature of relay 1909, 
left-hand armature and front contact of re 
lay 1908, conductor 1929, left-hand arma 
ture and back contact of relay 1910, prefer 
ence switch wiper 1917 and its second con 
tact, outer left-hand armature and back con 
tact of relay 1918, winding of trunk bar 
magnet 1919 to battery and ground. The 
trunk bar 1923 is thereby actuated. At the 
same time trunk bar magnet 1919 extends 
the ground which caused its energization 
over its inner left-hand armature and front 
contact to conductor 1920, whence it is ex 
tended through the winding of relay 1910 
to the ground on conductor. 1929. Thus re 
lay. 1910 having ground on each of the 
terminals of its windings is short circuited 
at this time and does not become ener 
gized. , w 
Trunk bar magnet 1919 in operating ex 

tends ground through its outer left-hand 
armature, and front contact to conductor 
1930 and thence through the winding of re 
lay 1918 which now becomes energized. Re 
lay 1918, upon energizing extends ground 
from its front contact and right-hand arma-. 
ture. to conductor 1931. Ground on con 
ductor 1930 is extended through the back 
contact and armature of magnet 2101, left 

hand armature and back contact of relay 
2106, wiper 2104 and its normal contact, 
winding of magnet 2101 to battery and 
ground. Magnet 2101 is energized in this 
circuit and upon attracting its armatures 
breaks its own circuit and moves the wipers 
2102 to 2105 forward onto their first active 
contacts. The ground on conductor 1930 is 
now extended over the back contact and 
armature of magnet 2101, left-hand arma 
ture and back contact of relay 2106, wiper 
2104 and its first active contact, right-hand 
armature and back contact of relay 2107, 
winding of relay 2109 to battery and 
ground. 

Relays 2107, 2108 and 2109 are timing re 
lays and are all of the slow-releasing type. 
Their function is to cause the advance of the 
wipers 2102 to 2105, inclusive, forward after 
a certain time interval has passed. The 
energization of relay 2109 results in the ex 
tension of ground over its armature and 
front contact to the winding of relay 2108 
which thereupon becomes energized and 
causes the energization of relay 2107. Re 
lay 2107 opens the energizing circuit of re 
lay 2109 and this after a time opens the 
energizing circuit of relay 2108 which there 
upon extends ground from the armature and 
back, contact of relay 2108, front contact 
and left-hand armature of relay 2107, wind 

et 2101 to battery and ground. ing of magn 
Thus magnet. 2101 is energized and in at 
tracting its armatures opens the circuit 
whereby ground is supplied from conductor 
2130 to wiper 2104 to maintain the timing 
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relays operated. Thus, magnet 2101 in ef 
fect opens its own circuit and becoming de 
energized it moves wipers 2102 to 2105 for 
ward on to their second active contacts. Af 
ter another time interval, these brushes will 
again be moved forward in the same man 
e. -- 

The ground extended to conductor 1931 
is, after the wipers 2102 to 2105 have been 

tended over the inner right-hand armature 
and back contact of the sender release re 
lay 2100, wiper 2102, winding of relay 2110 
to battery and ground. Relay 2110 is ener 
gized in this circuit with results which will 
be described hereinafter. 
Upon the movement of wiper 2105 on to 

its active contacts, relay 1918 is locked into 
a circuit including battery and ground, its 
front contact and inner left-hand armature, 
conductor 1932, conductor 2132, wiper 2105 
to ground. d 
Upon the energization of relay 1918 the 

original energizing circuit of trunk bar 
magnet 1919 is opened. This removes the 
ground from one terminal of relay 1910 and, 
consequently, relay 1910 now becomes ener 
gized in a circuit from battery through the 
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moved to their first active contacts, ex- 10 
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winding of trunk luar magnet 1919, inner 
left-hand armature and front contact of 
magnet 1919, conductor 1920, winding of 
relay 1910, conductor 1929, front contact 
and left-hand armature of relay 1908, left-, 
hand armature and back contact of relay 
1909, conductor 1911, winding of relay 
1912 to ground. Relay 1910, therefore, be 
comes energized and establishes a circuit 
from battery, through the right-hand low 
resistance winding of line bar magnet 
1901, right-hand low resistance winding of 
line relay 1905, front contact and right 
hand arniature of relay 1905, left-hand ar 
mature and front contact of group relay 
1906, back contact and right-hand armature 
of relay 1909, front contact and right-hand 
armatuire of relay 1910, conductor 1911, 
winding of relay 1912 to 
bar magnet 1901 thereby becomes ener 
gized and connection is made between the 
corresponding contacts of line bar 1922 and 
trunk bar 1923. Upon the engagement of 
the corresponding contacts of line bar 1922 
and trunk bar 1923, 
from the front contact and right-hand ar 
nature of relay 1918, conductor 1931, con 
ductor 21:31, the inner right-hand armature 
and back contact of relay 2106, conductor 
2133, conductor 1933, corresponding contacts 
of trunk bar 1923 and line bar 1922, conduc 
tol 1935 to maintain trunk bar magnet 1901 
energized by extending this ground through 
its two windings in series. This ground is 
also extended over conductor 1735 and 
thence through the right-hand winding of 
relay 1700 to battery and ground, causing 
the energization of relay 1700. Relay 1700 
attracts its armature and connects ground 
through its armature and contact to conduc 
tor 1731 for purposes which will be men 
tioned hereinafter. . . . 
Upon the energization of relay 1910, a 

circuit is established from ground, winding 
of relay 1912, conductor 1911, left-hand ar 
mature and back contact of relay 1909, left 
hand armature and front contact of relay 
1908, conductor 1929, left-hand armature 
and front contact of relay 1910, winding of 
stepping magnet 1914 to battery and 
ground. Stepping magnet 1914 is energized 
and prepares to move wiper 1917 one step. 
The energization of trunk bar magnet 1901 
now closes a circuit from ground, the outer 
left-hand armature and front contact of 
trunk bar magnet 1901, front contact and 
left-hand armature of line relay 1905, wind-. 
ing of relay 1909 to battery and ground. 
Relay 1909 becomes energized in this circuit 
and locks up through its right-hand arma 
ture and front contact and the right-hand 
armature and front contact of relay 1910 to 
ground on conductor 1911. By attracting 

ground. Line 

ground is extended. 

its armature relay 1909 thus opens the origi 
nal energizing circuit of relays 1908 and 
1906, but these relays are maintained ener 
gized until timing relay 1916 retracts its ar 
matures. 
When this occurs, the deenergization of 

relay 1908 opens the holding circuit of 
trunk bar magnet 1919 which now becomes 
deenergized and thereby restores trunk bar. 
1923 to normal position leaving only the 
contacts corresponding to line bar 1922 op 
erated. The energization of the line bar 
magnet also opens the circuit of line relay 
1905 so that this relay now becomes deener 
gized. The deemergization of relay 1908 
also opens the holding circuit of relay 1910 
and the master switch for the sender selector 
switch is now returned to normal. 
Under abnormal conditions relays 1915 

and 1916 operate in a similar manner to re 
lays 515 and 516 hereinbefore described. 
The impulse circuit traced from the back 

contact and outer left-hand armature of 
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trunk bar magnet 1901, through the wind 
ing of relay 1327, back to the back contact 
and inner left-hand armature of relay 1901 
is now extended through the corresponding 
contacts of line bar 1922 and trunk bar 1923 
to conductors 1963 and 1964. Conductor 
1963 extends over conductor 2163, outer 
right-hand armature and back contact of re 
lay 2111, winding of relay 2114, winding of 
relay 2113, winding of relay 2112, back con 
tact and outer left-hand armature of relay 
2111, conductor 2164, conductor 1964. 

Relay 2112 is the marginal relay hereto 
fore mentioned and responds to strong cur 
rent impulses only. Relays 2113 and 2114 
are polarized relays which respond to plus 
and minus impulses, respectively. These 
three relays are included in series with the 
impulse circuit now extending back to the 
apparatus of Fig. 13. 
Returning now to the operation of the ap 

paratus in Fig. 13, it will be noted that 
when line bar magnet 1901 became ener 
gized that the circuit for relay 1327 was 
opened. Relay 1327 thereupon becomes de 
energized and in retracting its armature 
opens the original energizing circuit of re 
lay 1829, but this relay remains energized 
in series with relay 1300, which now be 
comes energized due to the removal of 
ground and the substitution of battery on 
one of its terminals. The energization of 
relay 1300 transfers the ground connection 
from conductor. 1312 from the winding of 
relay 1301, over the back contact of relay 
1300 to the winding of relay 1323 over the 
front contact of relay 1300. Thus relay 1323 
becomes energized at this time and through 
the attraction of its armatures disconnects 
relay 1327 from the impulse circuit. Relay 
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1301 being a slow-to-release relay, in a cer 
tain interval, retracts its armature where 
upon a circuit is established from ground 
on conductor 1312, through the lowermost 
armature and front contact of relay 1308, 
armature and back contact of relay 1301, ar 
mature and back contact of relay 1309, 
wiper 1330 and its normal contact, winding 
of relay 1331 to battery and ground. Relay 
1331 becomes energized in this circuit and 
by the movement of its armatures connects 
ground through its right-hand armature 
and front contact, the back contact and ar 
mature of magnet 1332, winding of magnet 
1332 to battery and ground. Magnet 1332 
becomes energized in this circuit but since 
the ground extended to the winding of relay 
1331 is also extended to the winding of this 
magnet it does not become deenergized at 
this time. 
The energization of relay 1331 extends a 

connection from ground over the front con 
tact and left-hand armature of relay 1331, 
conductor 1335, lowermost armature and 

5 back contact of relay 1341, -left-handi arma 
ture and back contact of relay 1348, wind 
ing of relay 1349 to battery and ground. 
Relay 1349 becomes energized in this cir 
cuit. At the same time a circuit is complet 
ed from ground, front contact and left 
hand armature of relay 1331, conductor 
1335, back contact and armature of magnet 
1343, brush 1353 and its normal contact, 
winding of magnet 1343 to battery and 
ground. Therefore, magnet 1343 becomes 
energized at the same time as relay 1349 
and by attracting its armature removes 
ground from the armature of relay 1349. 
Magnet 1343 also opens its own circuit and 
it thereby becomes deenergized and moves 
the associated wipers on to their first active 
contacts. It is here noted that magnet 1343 
controls wipers 1302, 1315, 1316, 1330, 1353 
and 1358. 
Upon the movement of brush 1330 onto 

its first position contact, the circuit of relay 
1331 is opened and this relay retracts its ar 
matures thereby allowing magnet 1332 to 
become deemergized. Magnet 1332 controls 
wipers 1303, 1317, 1333 and 1334 and these 
wipers are now moved to their first active 
contacts. 
Magnet 1343 and its associated wipers 

comprise the impulse sending switch and 
magnet 1332 and its associated wipers com 
prise the impulse control switch. It is here 
noted that as the impulse sending switch 
moves on to its first active contacts that the 
impulse control switch is advanced. One 
special result of this will be noted hereafter 
in connection with the operation of the sta 
tions register. 
Upon the movement of wiper 1353 to its 
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first active contact a circuit is completed 
from ground, wiper 1353, armature" and 
front contact of relay 1349, winding of re 
lay 1348 to battery and ground. Relay 1348 
becomes energized and locks up through a 
circuit from battery, winding of relay 134S, 
front contact and left-hand arnature of re 
lay 1348, back contact and outer lower arma 
ture of relay 1341, conductor 1335, almature 
and back contact of magnet 1343 which has 
now returned to normal position, wiper 1353 
and its first active contact to ground. This 
condition now is maintained for an instant, 
until relay 1349 which is slow to release, 
finally retracts its armatures and during 
this interval an impulse is sent out over the . 
impulse circuit as will be described a little 
later. When relay 1349 retracts its arma 
ture it establishes a circuit from ground, 
wiper 1353, armature and back contact of 
relay 1349, front contact and right-hand 
armature of relay 1348, outer right-hand 
armature and back contact of relay 1847. 
winding of relay 1341 to battery and 
ground, whereupon relay 1341 attracts its 
armatures and disconnects the impulse cir 
cuit from wipers 1315 and 1316. Upon the 
energization of relay 1341 the circuit of re 
lay 1348 is opened at the back contact and 
lowermost armature of relay 1341 and relay 
1348 thereupon becomes deenergized. Re 
lay 1347 is now included in a series circuit 
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with relay 1341 which circuit may be traced 
from ground, wiper 1353, armatule and 
back contact of magnet 1343, conductor 1335, 
winding of relay 1347, front contact and 
inner lower armature of relay 1341, wind 
ing of relay 1341 to battery and ground, 
whereupon relay 1347 becomes energized. 
This provides a new circuit for relay 1349 
which may be traced from ground on con 
ductor 1335, inner right-hand armature 
and front contact of relay 1347, left-hand 
armature and back contact of relay 1348, 
winding of relay 1349 to battery and ground. 
Upon the energization of relay 1349 a cir 
cuit is established from ground, wiper 1353, 
armature and front contact of relay 1349, 
winding of relay 1348 to battery and 
ground, so that relay 1348 now becomes 
energized and locked through its front con 
tact and left-hand armature and at the same 
time opens the circuit of relay 1349. In a 
short interval relay 1349 becomes deener 
gized whereupon a circuit is established 
from ground, wiper 1353, almature and back 
contact of relay 1349, front contact and 
right-hand armature of relay 1348, outer 
right-hand armature and front contact of 
relay 1347, winding of magnet 1343 to bat 
tery and ground. Magnet 1343 becomes 
energized and removes ground from con 
ductor 1335 whereupon the circuit of relays 
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1341, 1347 and 1348 is opened these relays 
retract their armatures and in so doing open 
the circuit of magnet 1343 which now re 
turns to normal and moves the associated 
wipers on to their second active contacts. 
The impulse circuit is now again connected 
to Wipers 1315 and 1316 so that the second 
impulse of a series may be transmitted. At 
this time a circuit is established from 
ground, viper 1353, armature and back con 
tact of magnet 1343, conductor 1335, outer 
lower armature and back contact of relay 
1841, left-hand armature and back contact 
of relay 1348, winding of relay 1349 to bat 
tery and ground, whereupon relay 1349 be 
comes energized. This results in the estab 
lishment of an energizing circuit for relay 
1348 which attracts its armatures and opens 
the circuit of relay 1349. A definite inter 
val now is consumed before relay 1349 be 
comes deemergized and during this interval 
the second impulse of the series is trans 
mitted over the impulse circuit. When re 

1349 becomes deemergized it results in 
the energization of relay 1341 and the same 
cycle of operations just described takes 
place. Bliefly, this consists of first the en 
ergization of relay 1341, second, the de 
energization of relay 1348, third the energi 
Zation of relay 1347, fourth the energization 
of relay 1349, fifth the energization of relay 
1348, the deemergization of relay 1349, sixth 
the energization of magnet 1343 and seventh 
the deenergization of relays 1341, 1347, 1348 
and magnet 1343. Thereupon the associ 
ated wipers are moved on to their third 
active contacts and the third impulse is 
transmitted. This third impulse is main 
tained during the energization of relay 1349 
and the energization of relay 1348 and until 

, relay 1349 again becomes deenergized where 
upon this cycle of operations again takes 
place. When at last the wipers controlled 
by magnet 1343 move to their normal posi 
tion, ground being no longer connected to 
wiper 1353, this impulse switch comes to 
halt and further movement depends upon 
the next energization of relay 1331. If 
neither relay 1301 nor relay 1309 is ener 
gized at this time relay 1331 will become 
energized and the wipers controlled by mag 
net 1332 will be moved onto their second 
active contacts and the wipers controlled by 
magnet 1343 will be started on a second 
revolution. 
Each step of the wipers controlled by 

magnet 1332 corresponds to one digit and 
each complete revolution of the wipers con 
trolled by magnet 1343 also corresponds to 
one digit. An examination of wipers 1315 
and 1316 will show that during the sending 
of impulses corresponding to each digit 
there may be as many as four separate im 

tel's in Fig. 15. 

contacts 

g7 

pulses transmitted. For purposes of fur 
ther understanding this circuit the follow 
ing impulse code is given at this point: 

Relay call indicotto code. 

Impulses. 
Relay 

energized. 

The first column represents the digits 
which may be registered on the office code 
registers in Fig. 16 and the numerical regis 
and fifth columns represent the impulses 
propagated and transmitted over the im 
pulse circuit through the wipers 1315 and 
1316. The column headed “1” represents 
the impulses which may be sent while wipers 
1315 and 1316 are resting on their first ac 
tive contacts. The column 2 represents the 
impulses which may be sent while these 
wiper's are resting on their second active 

and so on. The sixth column 
headed “Relay energized represents the 
code relays which respond to the impulses. 
at anv one of the offices to which connection 
may be extended. For the sake of clearness 
these code relays shown in One instance in 
Figs. 25, 26 and 36 are marked A, B, C and 
ID and for the purpose of particular identi 
fication are given numerical designations in 
addition. It will be noted that this code is 
the same as the code used in the operation 
of the office code translator relays in Fig.12. 

Attention is further called to the fact that 
while wipers 1315 and 1316 are resting on 
their first and third active contacts that only 
plus impulses of small current value are 
transmitted and that while wipers 1315 and 
1316 are resting on their second and fourth 
active contacts that minus impulses of both 
small and comparatively great current value 
are transmitted. The light impulses are 
represented by the symbol “” and the 
heavy impulses are represented by the sym 
bol “H—.” The light, impulses are propa 
gated by including resistance 1359 in series 
with the impulse circuit and the heavy im 
pulses are propagated by including a low 
resistance 1360 in series with the impulse 
circuit. 

It will be noted that wiper 1358 being 
connected to the grounded conductor 1312 
energizes relay 1370 on its first active con 
tact, relay 1371 on its second active contact, 
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relay 1372 on its third active contact, and 
relay 1373 on its fourth active contact. It 
will be further noticed that wiper 1316 is 
connected to ground when resting on its 
first and third active contact and that wiper 
1315 is connected to ground when resting 
on its second and fourth active contacts. 
Thus, a connection from ground to Wiper 
1316, thence over the impulse circuit and 
back to wiper 1315 and thence through cir 
cuits which will be hereinafter traced to 
battery through resistance 1359 will create 
a plus impulse of Small current value. For 
the sake of illustration suppose that the A 
register in Fig. 16 is set for the digit 6. 
Then, when wipers 1315 and 1316 are set on 
their first active contacts a circuit will be 
established from ground, wiper 1316, over 
the impulse circuit described, wiper 1315, 
its first active contact, inner left-hand ar 
mature and lower front contact of relay 
1370, conductor 1362, conductor 1562, con 
ductor 1662, viper 1605, conductor 1650, con 
«ductor 1550, conductor 1350, conductor 1150, 
left-hand armature and front contact of re 
lay 1124, conductor 1167, conductor 1367, 
first active contact and wiper 1317, conduc 
tor 1368, resistance 1359 to battery and 
ground. Thus a plus impulse is transmitted 
to the three relays 2112, 2113 and 2114 
which results in the energization of only 
relay 2113. Shortly after this, as described, 
wipers 1315 and 1316 are moved to their 
second active contacts whereupon a circuit is 
established from ground, wiper 1315 and its 
second active contact, over the impulse cir 
cuit, back to wiper 1316 and its second active 
contact, conductor 1368, resistance 1359, to 
battery and grÖund, whereupon a minus im 
pulse of Small value is transmitted resulting 
in the operation of relay 2114. Upon the 
movement of wipers 1315 and 1316 to their 
third active contacts, no circuit is found for 
wiper 1315. Wiper 1315 is now connected 
to the armature of relay 1372 and this is in 
contact with conductors leading to the third 
and tenth active contacts associated with 
wiper 1605 and since wiper 1605 is now 
supposedly resting on its sixth contact, an 
open circuit will be found so that no impulse 
will be sent while wipers 1315 and 1316 are 
on their third active contacts. When these 
two wipers, however, are moved to their 
fourth active contacts, a circuit will be 
found leading from ground, wiper 1315, 
over the impulse circuit, back to wiper 1316, 
conductor 1368, Wiper 1317 and its first ac 
tive contact, conductor 1367, conductor 1167, 
front contact and left-hand armature of re 
lay 1124, conductor 1150, conductor 1350, 
conductor 1550, conductor 1650, wiper 1605 
and its sixth active contact, conductor 1662, 
conductor 1562, conductor 1362, lower front 
contact and innermost right-hand armature 
of relay 1873, low resistance 1360 to battery 
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and ground. Thus, a minus impulse of com 
paratively great current value is transmitted 
over the impulse circuit and this results in 
the energization of both relays 2112 and 
2114. () 

In the same manner that the digit 6 may 
be transmitted as just described, the other 
digits will be transmitted to effect the three 
relays 2112 to 2114, inclusive. We have as 
sumed in this particular case that the call 75 
is being directed to WADsworth 1102 in 
which case, the digits and impulses sent, 
with the corresponding results in the code 
relays, are given in the following table: 

8{} 
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We have assumed in this case that the - 
Wadsworth office contains no party lines and 120 
that, therefore, the sending of impulses is 
started before all of the digits of the called 
number have been recorded. Let us sup 
pose that by the time the calling subscriber 
has just finished sending the tens digit that l25 
the Sending of impulses has progressed to 
this same point. During the sending of the 
tens digit wiper 1133 will be on its sixth con 
tact which, is connected to conductor 1169 
which leads through conductor 1369 and 130 
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conductor 1569 to the winding of magnet 
1568 which controls the tens register. In 
the same manner wiper 1132 will be on its 
sixth contact which is connected to conduc 
tor 1175 and through this conductor to con 
ductor 1375 to the sixth active contact asso 
ciated with wiper 1334. If the hundreds 
designation has been sent out over the im 
pulse circuit wiper 1334 will have moved 
to its sixth active contact and a circuit will 
be completed from ground on conductor 
1112, through wiper 1132, conductor 1175. 
conductor 1375, wiper 1834, winding of re lay 1309 to battery and ground. This opens 
the circuit leading to wiper 1330 and thence 
to relay 1331 so that until relay 1309 is de 
energized and retracts its armature, another 
series of code impulses cannot be sent since 
the relay 1331 must become energized to 
start the operation of the switch controlled 
by magnet 1343. Thus, means are provided 
to delay the sending of impulses should this 
operation overtake the receipt of the digit 
designations from the calling subscriber's 
substation. 
One other point to be noted here is the 

effect of the operation of relay 1310. Since 
this call is being routed through a mechani 
cal switching center, relay: 1310 was ener 
gized. When, therefore, wiper 1317 arrives 
at its fourth active contact, where under 
other conditions it would connect conductor 
1368 to the back contact of the inner left 
hand armature of relay 1810 and thence to 
the first stations register, it finds this cir 
cuit open due to the energization of relay 
1310. Therefore, another circuut is pro 
vided from ground, wiper 1333, and its 
fourth active contact, front contact and mid 
dle left-hand armature of relay 1310, back 
contact and armature and winding of mag 
net, 1332 to battery and ground, whereby 
magnet. 1332 is caused to step its associated 
wipers past their fourth active contacts and 
directly on to their fifth active contacts so 
that as soon as the designation registered 
on the C register is transmitted, the thou 
sand register will be made effective. 

It has heretofore been pointed out that 
as the impulse switch moves on to its first 
active contact that the impulse control switch 
is caused to move forward, therefore, after 
the units register has been set, the impulse 
switch is started forward again notwith 
standing the fact that a stations designation 
has not been set up on the first stations reg 
ister. As wipers of the impulse switch are 
moved on to their first active contacts the 
magnet 1332 will become deenergized and 
move its associate wipers on to their ninth 
active contacts, in which position a circuit 
for the release of the sender will be estab 
lished. However, before the sender can be 
disconnected, the impulse switch will make 
a complete revolution and send out two 

negative impulses while on its second and 
fourth active contacts. As will be noted 
hereinafter, the release of the sender is not 
completed until the slow release relay 1111 
retracts its armatures and since this is com 
paratively much slower than the slow relay 
1849 in the impulse sending switch, this 
switch has time to send out the designation 
Zero which results from leaving the stations 
register in its normal position. The func 
tion of this action will appear hereinafter. 

It will now be noted that when the send 
ing of impulses as registered on the A, B, C, 
thousands, hundreds, tens and units regis 
ters has been completed and wiper 1333 has 
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moved to its ninth active contact correspond 
ing to the first stations register, a circuit will 
be completed from ground, wiper 1333, con 
ductor 1374, conductor 1574, normal contact 
and wiper 1573, conductor 1576, conductor 85 
1376, conductor 1176, winding of relay 1108 
to battery and ground. This is known as 
the sender release relay. Upon its opera 
tion it disconnects the calling line from the 
control of relay 1110 whereupon relay 1111 
is deenergized and after a short time ground 
is removed from conductor 1112 which 
causes the release of all relays in the sender 
and marker which are at this time operated. 

In the meantime and before relay 1111 
retracts its armatures a circuit is established 
from ground, wiper 1106, conductor 932, 
inner left-hand armature and front contact 
of relay 918, conductor 930, outer right-hand 
armature and front contact of relay 1108, 
front contact and left-hand armature of re 
lay 1125, conductor 1174, conductor 974, cor 
responding contacts of trunk bar 923 and 
line bar 922, conductor 935, conductor 735, 
outer left-hand armature and front contact 
of relay 703 and thence in parallel through 
the windings of relays 702 and 705. Relays 
702 and 705 are energized in this connection 
and both attract their armatures and lock 
up to the ground on conductor 731. This 
circuit may be traced from 
contact and left-hand armature of relay 700, 
conductor 731, inner lower armature and 
front contact of relay 702, and thence in 
parallel through the windings of relays 702 
and 705. Relay.702 extends the talking con 
ductors from the calling subscriber's line 
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through the armatures and back contacts . 
of relay 706 to the primary windings of re 
peating coil 707. Relay 708 is now included 
in series with the calling subscriber's line 
and through the attraction of its armature 
grounds the right-hand winding of relay 700 
so that this relay is maintained energized 
after the sender selector switch of Fig. 9 
is released. 

It will be noted that in this connection 
relay 706 is not operated and that relay 709 
is operated so that now the called sub 
scriber’s line will be connected to the sec 

120 

125 

30 



O 

15 

BO 

ondary windings of repeating coil 707 and 
polarized relay 715 will be connected 
through the back contacts and armatures of 
relay 717 in series with the secondary wind 
ings of this repeating coil. Upon the re 
moval of ground from conductor 1112 all 
relays depending on this ground for their 
continued energization are released and 
ground being removed from conductor 935 
through the corresponding contacts of line 
bar 922 and trunk bar 923, line bar magnet 
901 is released thus returning the sender 
selector switch to normal position. 
The operation of relays 2115 and 2116 

should be noted at this point. These two 
relays are connected in a circuit in such a 
manner that they periodically 
through a cycle in which they are energized 
in all possible combinations. From the 
table heretofore given, it will be noted 
that each set of impulses for a digit com 
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prises two negative impulses. This means 
that during the sending of one digit relay 
2114 is energized twice. Upon the first en 
ergization of this relay a connection is made 
from ground, back contact and outer right 
hand armature of relay 2106, conductor 
2150, armature and front contact of relay 
2114, upper armature and back contact of 
relay 2116, upper winding of relay 2115, 
upper winding of relay 2116 to battery and 
ground. Relay 2116 is marginal and does 
not become energized in this connection. 
Relay 2115, however does become ener 
gized so that during the first negative im 
pulse relay 2115 only becomes energized. 
At the end of this impulse when relay 2114 
becomes deenergized, relay 2116 becomes en 
ergized in a circuit from ground on conduc 
tor 2150, the inner lower armature and front 
contact of relay 2115, the lower winding of 
relay 2116, the upper winding of relay 2115, 
the upper winding of relay 2116 to battery 
and ground. Now when relay 2114 again 
becomes energized ground is extended from 
conductor 2150, through the armature and 
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front contact of relay 2114, the upper ar 
mature and front contact of relay 2116, the 
winding of relay 2116 to battery and ground. 
At this time relay 2115 is short-circuited be 
cause one terminal of its upper winding is 
connected through the front contact and up 
per armature of relay 2116 to ground and 
the other terminal of its upper winding is 
connected through the lower winding of re 
lay 2116, the front contact and inner lower 
armature of relay 2115 to ground on con 
ductor 2150. Thus, during this second nega 
tive impulse relay 2116 is maintained ener 
gized and relay 2115 is deenergized and it 
retracts its armature. At the end of this 
second impulse when ground is removed 
from the upper armature of relay 2116, this. 
relay becomes deenergized. These two re 

operate 
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lays are therefore energized in the follow 
ing order: first, relay 2115, second, both 
relays 2115 and 2116, third, relay 2116 and 
lastly, neither relay 2115 nor relay 2116. 

Keeping in mind this combination, we 
will now assume that the digit 6 is being 
received over the impulse circuit. Refer 
ring back for a moment to the code of im 
pulses hereinbefore given, it will be noted 
that the first is a positive impulse which 
will result in the energization of relay 2113. 
IBearing in mind that at this time neither 
relay 2115 nor relay 2116 is energized, it 
will be seen that a circuit is established 
from ground on conductor 2150, through the 
armature and front contact of relay 2113, 
the lowermost armature and back contact 
of relay 2115, conductor 2122, conduc 
tor 2322, conductor 2522, conductor 2622, 
conductor 3522, through the outer right 
hand armature and back contact of relay 
3500, right-hand winding of the A 
relay, here numbered 3511, to battery and 
ground. Relay 3511 attracts its armatures 
and when the ground has been removed 
from conductor 3522, relay 3511 is main 
tained energized in a circuit from battery, 
its two windings in series, its front contact 
and left-hand armature, conductor 3550, 
conductor 2650, conductor 2550, conductor 
2350, conductor 2150, the outer right-hand ; 
armature and back contact of relay 2106 
to ground. Thus, on a positive impulse 
preceding either of the two negative im 
pulses, the A relay here numbered 3511 will 
be energized. 

Following the receipt of this impulse, a 
weak negative impulse will be received. 
This results as hereinbefore described in 
the energization of relay 2115, but does not 
energize any one of the code relays shown 
in Fig. 35. A circuit is now established 
from ground on conductor 2150, through the 
upper armature and front contact of relay 
2115, conductor 2123, conductor 2323, con 
ductor 2523, conductor 2623, conductor 3523. 
middle right-hand armature and back con 
tact of relay 3501, winding of relay 3500 to 
battery and ground. Relay 3500 becomes 
energized in this circuit and connects the 
ground on conductor 3550 to the winding 
of relay 3501, but this relay having ground 
connected to its other winding at this time 
does not become energized. Upon the end 
of this negative impulse, relay 2116 becomes 
energized. This is followed in a short in 
terval by a strong negative impulse which 
will energize both relays 2112 and 2114. 
The energization of relay 2114 maintains 
relay 2116 energized and causes the deen 
ergization of relay 2115. Thereupon, a cir 
cuit is established from ground on conduc. 
tor 2150, through the armature and front 
contact of the marginal relay 2112, the low. 
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ermost armature and front contact of relay 
2116, conductor 2124, conductor 2324, con 
ductor 2524, conductor 2624, conductor 3524, 
innermost right-hand armature and back 
contact of relay 3501, right-hand winding 
of relay 3507 to battery and ground. This 
relay becomes energized and locks up to 
the ground on conductor 3550 in the same 
manner as did relay 3511. 
Upon the end of this impulse, both relays 

2115 and 2116 become deemergized and 
ground being removed from conductor 2123 
results in the removal of the short-circuit 
from around the winding of relay 3501 so 
that now relays 3500 and 3501 are included 
in a series circuit from ground on conductor 
3550, the left-hand armature and front con 

3500, winding of relay 3501, tact of relay 
winding of relay 3500 to battery and 
ground. Thus, relays 3500 and 3501 be 
come energized and transfer the conduc 
tors 3521 to 3525, inclusive, to the next set of code relays so that the following im 
pulses being received over the impulse cir 
cuit will selectively energize the four code 
relays corresponding to the second place in 
the office code designation. 
With this explanation it is believed that 

the energization of the code relays for the 
digits as set forth in the table hereinbefore 
will be readily understood and no further 
detailed explanation will be necessary. 
Upon the receipt of the first negative im 

pulse in the third office code designation 
when relay 3504 is energized, a circuit is es 
tablished from ground on conductor 3550, 
outermost right-hand armature and front 
contact of relay 3504, conductor 3526, con 
ductor 2626, conductor 2526, conductor 2326, 
conductor 2126, left-hand armature and 
back contact of relay 2117, outer right-hand 
armature and back contact of relay 2118, 
conductor 2127, conductor 2327, conductor 
2427, winding of relay 2400 to battery and 
ground. Relay 2400 becomes energized in 
this circuit. A circuit is now completed 
from battery, left-hand winding of relay 
2401, front contact and armature of relay 
2400, first contact and wiper 2403, back con 
tact and armature of relay 2405, back con 
tact and inner left-hand armature of relay 
2406, armature and back contact of relay 
2407 to ground. Relay 2401 is energized in 
this circuit and thereupon locks up in a 
circuit from battery, right-hand winding of 
relay 2401, front contact and inner right 
hand armature of relay 2401, first contact 
and wiper 2402, winding of relay 2405, back 
contact and inner left-hand armature of 
relay 2406, armature and back contact of relay 2407 to ground. Relay 2405 now be-, 
comes energized in this circuit. At this 
stage, a ground is projected from the inner 
right-hand armature and front contact of 

relay 2405, outer right-hand armature and 
front contact of relay 2401, winding of mag 
net 2408 to battery and ground. Magnet 
2408 becomes energized in this circuit and 
actuates the multiple contacts shown dia 
grammatically above it. The ground is also 
extended from the outer right-hand arma 
ture and front contact of relay 2405, the 
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inner left-hand a mature and back contact 
of relay 2409, winding of relay 2410 to bat 
tery and ground. Relay 2410 becomes ener 
gized in this circuit. Relay 2405 also closes 
a circuit from ground, armature and back 
contact of relay 2407, inner left-handi arma 
ture and back contact of relay 
hand armature and front contact of relay 
2405, winding of magnet 2411 to battery 
and ground. Magnet 2411 controls the 
wipers 2402, 2403 and 2404 and upon its 
energization prepares to move them one step 
forward. 
The energization of relay 2410 closes a 

circuit from ground, right-hand armature 
and front contact of relay 2410, conductor 

2406, left. 
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2412, conductor 2212, conductor 2012, the 
normal contacts of the left-hand armature 
of relay 2000, conductor 2013, conductor 
2213, conductor 2413, corresponding con 
tacts Cf the multicontact device controlled 
by magnet 2408, conductor 2428, conductor 
2328, conductor 2128, back contact and outer 
tor 2134, conductor 1934, corresponding con 
tacts of trunk bar 1923 and line bar 1922, 
conductor 1936, conductor 1736, left-hand 
almature and back contact of relay 1703, 
winding of trunk bar magnet 1704 to bat 
tery and ground. Magnet 1704 becomes en 
ergized, in this circuit and moves the 
trunk bar 1710 into operative position. At 
the same time magnet 1704 attracts its ar 
matures and establishes a circuit from 
ground, outer right-hand arimature and 
front contact of magnet 1704, conductor 
1745, conductor 1845, conductor 2045, mag 
net 2001 to battery and ground. Magnet. 

90 
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, right-hand armature of relay 2100, conduc 
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2001, becomes energized in this circuit and 
through the attraction of its al'matures and 
the multicontact device shown diagrammat 
ically above it, establishes circuits as fol 
lows: first, ground, lower armature and 115 
front contact of magnet 2001, winding of 
relay 2000 to battery and ground. IRelay 
2000 becomes energized in this circuit and 
transfers the ground from conductor 2013 
to conductor 2007 and this ground is further 
extended through the corresponding con 
tacts of the multicontact device controlled 
by magnet 2001 to conductor 2046, conductor 
1846, conductor 1746, left-hand winding of 
relay 1703, inner right-hand armature and 
winding of magnet 1704 to battery and 

20 

ground. Thus, as the Original energizing cir-. 
cuit of magnet 1704 is opened by the renoval 
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of ground from conductor 2013, it is main 
tained energized through the application of 
ground to conductor 2007. Relay 1703 be 
comes actuated in this circuit andlocks up to 
the ground on conductor 1735, through its 
right-hand armature, front contact and 
right-hand winding. 
Upon the energization of magnet 2408 

and relay 2410, connection is established 
from ground through the left-hand arma 
ture and front contact of relay 2410, con 
ductor 2419 through the corresponding con 
tacts of the multicontact device controlled 
by magnet 2408, conductor 2420, conductor 
2620, conductor 3520 and thence in multiple 
to the outer right-hand armatures of the 12 
code relays shown on Fig. 35. Those code 
relays which are energized will now extend 
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this ground to the corresponding code re 
lays in the office code translator in Fig. 22. 
Thus, the ground on conductor 3520 will be extended through the outer right-hand 
armatures and front contacts of relays 3506 
to 3510 inclusive. For sake of illustration, 
we will trace one of these circuits from outer. 
right-hand armature and front contact of 
relay 3506, conductor 3530, conductor 2630, 
conductor 2430, corresponding contacts of 
the multicontact device controlled by mag 
net. 2408, conductor 2414, conductor 22:14, winding of relay 2201 to battery and ground, 
whereupon relay 2201 becomes energized. 
Thus, in response to the energization of the 
C relay in the A register, the AC relay in 
the office code translator is energized. In 
a similar manner and in response to the 
energization of the relays 3507, 3508, 3509, 
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3510 respectively, relays 2200,2208, 2224, 
2223, respectively, will be energized. 

In response to the operation of relays 2200 
and 2201, a circuit is established from 
ground, left-hand armature and front con 
tact of relay 2410, conductor 2419, conduc 
tor 2219, back contact and outer left-hand 
armature of relay 2203, left-hand armature 
and front contact of relay 2200, left-hand 
armature and front contact of relay 2201, winding of magnet 2216 to , battery and 
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ground. Magnet 2216 is energized in this 
circuit. In response to the operation of 
relay 2208, a circuit is established from 
ground on conductor. 2219 through the in 
ner right-hand armatures and back contacts 
of relays 2206 and 2207, the inner right 
hand armature and front contact of relay 
2208, the inner left-hand armature and back 
contact of Irelay 2209, conductor 22:28, cor 
responding contacts controlled by magnet 
2216, conductor 2230, conductor 2030, wind ing of magnet 2031 to battery and ground, 
whereupon this magnet becomes energized. 
In response to the operation of relays 2223 
and 2224 a circuit is established from ground, 
right-hand armature and front contact of 
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relay 2410, conductor 2412, conductor 2212, 
conductor 2012, front contact and right 
hand armature of relay 2000, conductor 
2011, conductor 2211, the inner right-hand 
armatures and back contacts of relays 2221 
and 2222, the inner light-hand arnature 
and front contact of relay 2223, inner left 
hand armature and front contact of relay 
2224, conductor 2232, conductor 2032 and 
thence through the corresponding contacts 
controlled by magnet 2031 to cross connect 
ing conductors 2008, 2034 and 2036. Cross 
connecting conductor 2008 leads to the office 
Selector switch and functions to cause the 
Selection of an idle one of a particular group 
of trunks. Cross connecting conductor 2034 
functions to operate the numerical relay in 
the Sender impulse circuit. This connection 
may be traced from the ground on conduc 
tol. 2032, cross connection conductor 2034, 
corresponding front contact and armature 
of relay 2004, which is energized through its 
connection. to conductor 2019, conductor 
2035, conductor 2235, conductor 2435, corre 
sponding contacts controlled by magnet 
2408, conductor 2444, conductor 2344, wind 
ing of numerical relay 2313 to battery and 
ground. Relay 2313 becomes energized in 
this circuit and locks in a circuit from 
ground, wiper 2301 and its normal contact, 
right-handarmature and front contact of 
relay 2313, winding of relay 2313 to bat 
tery and ground. 

roSS connecting conductor 2036 extends 
ground over the front contact and inner 
most right-hand armature of relay 2004, 
conductor 2037, conductor 2237, conductor 
2437, corresponding contacts controlled by 
magnet 2408, conductor 2443, conductor 
2343, winding of compensating resistance 
relay 2335 to battery and ground. Relay 
2335 becomes energized and locks up through 
its front contact and lower armature to 
the ground on conductor 2350. This ad 
justs the resistance of the impulse circuit to 
the trunk selected to the WADsworth office. 
The ground extended over cross connect 

ing conductor 2008 leads through corre 
sponding contacts of the device controlled 
by magnet 2001 to conductor 2026, thence 
over conductor 1826, conductor 1726, left 
hand armature and back contact of relay 
1712, winding of line bar magnet 1713 to 
battery and ground. Magnet 1713 becomes 
energized in this circuit and moves the line 
bar 1714 into operative position whereupon 
connection is made between the correspond 
ing contacts of trunk bar 1710 and line bar 
1714 so that the trunk is now extended to the 
non-numerical switch in Fig. 18. Ground 
on conductor 1731 is now extended to the right-hand winding of relay 1712 and as 
soon as the ground is removed from con 
ductor 1726, relay 1712 becomes energized 
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contact of relay 1809, left-hand arnature 
and front contact of relay 1808, conductor 
1829, left-hand armature and back contact 
of relay 1810, armature and back contact 
of magnet 1814, right-hand armature and 
back contact of relay 1815, winding of slow 
to-release relay 1816 to battery and ground. 
Relay 1816 is energized in this circuit and 
through the movement of its left-hand ar 
mature connects ground on conductor 1829 
to the left-hand winding of relay 1815. Re 
lay 1815 now becomes energized and through 
the movement of its right-hand armature 
opens the circuit of relay 1816 and at the 
same time locks up through its right-hand 
winding, its front contact and right-hand 
armature to the ground instrumental in the 
energization of relay 1816. Relay 1816 be 
ing slow to release does not immediately re 
tract its armatures. When relay 1816 does 
retract its armatures, the circuit movement 
hereinbefore described has been completed 
so that now ground will be entirely removed 
from conductor 1829, and relay 1810 in se 
ries with magnet 1819 will be deprived of 

Relay 1810 becomes deenergized 
and opens the connection through the wind 
ing of magnet 1814 so that this magnet re 
tracts its armatures and moves the prefer 
ence switch wiper 1817 to its next position, 
Magnet 1819 also becomes deemergized and 
returns trunk bar 1823 to normal position 
leaving only the contacts corresponding to 
line bar 1822 in their operating position. 
This completes the operation of the outgo 
ing trunk secondary line Switch. 

During the operation of the translator 
and the outgoing trunk secondary line 
switch, the timing relays in the marker have, 
been operated. Thus, upon the energization 
of relay 2410, a circuit is completed through 
the right-hand armature and back contact 
of relay 2415, winding of relay 2416 to bat 
tery and ground. Relay 2416 attracts its 
armature and extends ground through its 
front contact and armature to the winding 
of relay 2417 which now becomes energized. 
Relay 2417 extends ground through its ar 
mature and front contact to the winding of 
relay 2415 which locks up through its front. 
contact and right-hand armature to the 
ground on conductor 2419. IBoth relays 
2416 and 2417 are slow to release so that 
after the energization of relay 2415 a cer 
tain time elapses before relay 2416 will re 

When this occurs, the 
circuit of relay 2417 is opened and after a 
short interval this relay retracts its arma 
tures. A circuit is now completed from 
ground, the armature and back contact of 
relay 2417, the front contact and left-hand 
armature of relay .2415, winding of relay 
2409 to battery and ground. Relay 2409 
becomes energized and functions to signal 
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the release of the marker. The release of 
the marker is accomplished through the en 
ergization of relay 2409 which opens the 
circuit of relay 2410. When the armatures 
of relay 2410 resume their normal position, 
a circuit is established from ground, right 
hand armature and back contact of relay 
2410, front contact and outer left-hand ar 
mature of relay 2409, winding of relay 2406 
to battery and ground. Relay 2406 locks 
up through ground on the back contact and 
armature of relay 2407. Relay 2406 causes 
the energization of relay 2407 and this relay 
attracts its armature. 
Upon the energization of relay 2406, 

ground is removed from the winding of re 
lay 2405 and this relay becomes deenergized. 
The deenergization of relay 2405 in turn 
opens the circuit of magnet 2411 whereupon 
wipers 2402 to 2404, inclusive, are moved 
onto their next contacts. The removal of 
ground from the winding of relay 2405 also 
opens the circuit of magnet 2408 so that 
this magnet becomes deemergized. 
The deemergization of relay 2410 is fol 

lowed by the deenergization of relay 2415, 
whereupon the energizing circuit of relay 
2409 is open. Relay 2409 retracts its arma 
tures in a short interval and opens the 
original energization circuit of relay 2406. 
Upon the opening of the circuit of relay 

2406, this relay resumes its normal position 
and thus the marker is restored entirely to 
normal. 
Upon the energization of relay 2409 and 

before magnet 2408 is deenergized, a connec 
tion is extended from ground, right-hand 
armature and front contact of relay 2409. 
conductor 2418, corresponding contacts of 
the multi-contact device controlled by mag 
net 2408, conductor 2439, conductor 2339, 
conductor 2139, winding of marker release 
relay 2118 to battery and ground. Relay 
2118 becomes energized in this circuit and 
locks up through its front contact and left 
hand armature to the ground on conduc 
tOT 2150. - 
The operation of relay 2118 results in the 
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establishment of a circuit from ground on 
conductor 3550 through the outer right-hand 
armature and front contact of relay 3504. 
conductor 3526, conductor 2626, conductor 
2526, conductor 2326, conductor 2126, left 
hand armature and back contact of relay 
2117, outer right-hand armature and front 
contact of relay 2118, back contact and left 
hand armature of relay 2119, conductor 
2129, conductor 2329, arnature and back 
contact of relay 2309, winding of relay 2307, 
to battery and ground. Relay 2307 becomes 
energized in this circuit and attracts its 
armatures. Through the movement of its 
right-hand armature, relay 2307 connects 
the impulse relay 2308 across the impulse 
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circuit leading to the incoming selector in 
the distant office. 
A circuit is now established from battery, 

the left-hand high resistance winding of 
relay 2905, inner left-hand armature and 
back contact of magnet 2901, conductor 
2976, conductor 2776, back contact and inner 
lower armature of relay 2702, conductor 
2774, conductor 1874, corresponding con 
tacts of trunk bar 1823 and line bar 1822, 
conductor 1876, conductor 1776, correspond 
ing contacts of line bar 1714 and trunk bar 
1710, conductor 1774, conductor 1974, corre 
sponding contacts of line bar 1922 and trunk 
bar 1923, conductor 1976, conductor 2176, 
outer left-hand armature and back 
contact of relay 2100, conductor 2.174, 
conductor 2374, resistance 2330, resist 
ance 2331, front, contact and outer upper 
armature of relay 2335, conductor 2376, 
front contact and right-hand armature of 
relay 2307, winding of relay 2308, upper 
inner armature and front contact of relay 
2335, resistance 2332, resistance 2333, con 
ductor 2373, conductor º 2173, back contact 
and inner left-hand armature of relay 2100, 
conductor 2175, conductor 1975, correspond 
ing contacts of trunk bar 1923 and line bar 
1922, conductor 1973, conductor 1773, corre 
sponding contacts of trunk bar 1710 and line 
bar 1714, conductor 1775, conductor 1875. 
corresponding contacts of line bar 1822 and 
trunk bar 1823, conductor 1873, conductor 
2773, inner upper armature and back con 
tact of relay 2702, conductor 2775, conduc 
tor 2975, and back contact and outer left 
hand armature of magnet 2901 to ground. 
Line relay 2905 and impulse relay 2308 be 
comes energized in this circuit. 
The energization of line relay 2905 results 

in the establishment of a circuit from bat 
tery, the right-hand low resistance winding 
of magnet 2901, right-hand low resistance 
winding of line relay 2905, front contact 
and right-hand armature of relay 2905, left 
hand, armature and back contact of group 
relay 2906, winding of group relay 2907 to 
ground. Relay 290 becomes energized in 
this circuit and attracts its armature where 
upon another circuit is established from bat 
tery, left-hand winding of relay 2906, front 
contact and armature of relay 290, back 
contact and left-hand armature of relay 
2908, back contact and left-hand armatures 
of relay 2909, conductor 2911, winding of 
relay 2912 to ground. Relay 2912 becomes 
energized in this circuit and through the 
movement of its armature extends ground to 
conductor 2913, which leads to an alarm cir 
cuit and operates a device thereat in a man 
ner similar to that hereinbefore described. 
Relay 2906 also becomes energized in this 
circuit and opens the ??????????? circuit of 
relay 2907, which in turn becomes deener 

to the ground on conductor 2911. 

gized and opens the original energizing cir 
cuit of relay 2906, but before relay 2906 can 
become deemergized, it is locked in a circuit 
from battery, right-hand winding of relay 
2906, front contact and right-hand armature 
of relay 2906, winding of relay 2908, back 
contact and left-hand almature of relay 2909 

Relay ?? 
2908 now becomes energized and extends a 
connection from ground on conductor 2911 
through the left-hand armature and back con 
tact of relay 2909, left-hand armature and 
front contact of relay 2908, left-handi arma 
ture and back contact of relay 2910, prefer 
ence switch wiper 2917 and its second con 
tact, outer left-hand armature and back con 
tact of relay 2918, winding of magnet 2919 to 
battery and ground. Magnet2919 becomes en 
ergized in this circuit and through the move 
ment of its armatures extends the ground 
through which it was energized to conductor 
2920. The ground on conductor. 2920 is ex 
tended to one terminal of relay 2910 but this 
relay laving ground on its other terminal 
does not become energized at this time. 
Magnet 2919 also attracts its outer left-hand 
armature and connects ground to the wind 
ing of relay 2918. Relay 2918 in turn be 
comes energized and cuts off the original 
energizing circuit of magnet 2919 so that 
this magnet is now maintained energized in 
series with the relay 2910 which becomes en 
elgized. The energization of relay 2910 ex 
tends a circuit from ground, winding of re 
lay 2912, conductor 2911 left-hand arma 
ture and back contact of relay 2909, left 
hand armature and front contact of relay 
2908, conductor 2929, left-hand armatul'c 
and front contact of relay 2910, winding of 
magnet 2914 to battery aind ground. Mag 
net 2914 becomes energized and prepares to 
move preference switch wiper 2917 ahead. 
The energization of relay 2910 also pro 

vides a circuit from the ground on conduc 
tor 2911 through the right-hand armature 
and front contact of relay 2910, the right 
hand armature and back contact of relay 
2909, the front contact and left-hand arma 
ture of relay 2906, the right-hand almature 
and front contact of relay 2905, the right 
hand low resistance winding of relay 2905, 
the right-hand low resistance winding of 
magnet relay 2901 to battery and ground. 
Magnet 2901 is energized in this circuit and 
by attracting its armatures, cuts of the olig 
inal circuit of relay 2905, but this relay is 
maintained energized in a locking circuit 
through its right-hand low resistance wind 
ing. A circuit is now established from the 
outer left-hand armature and front contact 
of magnet 2901, front contact and left-hand 
armature of relay 2905, the winding of relay 
2909, to battery and ground. Relay 2909 
attracts its armatures and locks through its 
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front contact and right-hand armature to 
the ground which was extended to mag 

O 

the two windings of magnet 2901 in series to . 
15 

2 5 
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met 2901. 
The energization of magnet 2901 also ac 

tuates line bar 2922 so that connection is 
made between the corresponding contacts 
of line bar 2922 and trunk bar 2923, where 
upon ground is extended from conductor g 
2933 in a manner which will be shortly ex plained through the corresponding contacts 
of trunk bar 2923 and line bar 2922 to con 
ductor 2935, which is now extended through 
maintain this magnet energized. 
The energization of relay 2909 opens the 

Original circuit of relay 2908, but this is 
maintained in another circuit controlled by 
the right-hand armature of relay 2916. It 
should be noted here that upon the first 
energization of relay 2908, circuit is estab 
lished from ground, winding of relay 2912, 
conductor 2911, back contact and left-hand 
armature of relay 2909, left-hand armature 
and front contact of relay 2908, left-hand. 
armature and back contact of relay 2910, 
armature and back contact of magnet 2914, 
right-hand armature and back contact of 
relay 2915, winding of relay 2916 to battery 
and ground. Relay 2916 becomes energized 
in this circuit and extends the ground on 
conductor 2911 through the left-han il arma 
ture and front contact of relay 2916 to the 
left-hand winding of relay 2915. Relay 
2915 now becomes energized and opens the 
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energizing circuit of relay 2916, at the same time locking up through its right-hand 
winding, its front contact and right-hand 
armature to the ground originally extended 
to the winding of relay 2916. After an in 
terval, during which the circuit movement 
hereinbefore described has taken place, re lay 2916 becomes deenergized thereupon 
opening the circuit of relay 2908 and relay 
2906, and these relays become deenergized. 
Ground being now removed from conductor 
2929, relay 2910 in series with the winding 
of magnet 2919 becomes deenergized and 
this relay and magnet retract their arma 
tures. Magnet 2919 restores trunk bar 2923 
to normal leaving only the contacts associ 
ated with line bar 2922 in operated position. 
The deenergization of relay 2910 also opens 
the circuit of magnet 2914 which thereupon 
becomes deenergized and moves the wiper 
2917 to its next position. This completes 
the circuit movement in the sender selector 
switch. * , Upon energization of relay 2918, a circuit 
is established from ground, front contact 
and right-hand armature of relay 2918, con 
ductor 2931, conductor 3131, armature and 
back contact of magnet 3101, left-hand 
armature and back contact of relay 3106, 
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wiper 3104 and its normal contact, winding 
of magnet 3101 to battery and ground. 
Magnet 3101 becomes energized in this cir 
cuit and by opening its own circuit auto 
matically becomes deenergized and moves 
the wipers 3102 to 3105 inclusive, forward 
onto their first active contacts. 'I ne 
rounded conductor 3131 is also extended 

through the right-hand armature and back 
contact of relay 3107, the right-hand arma 
ture and back contact of relay 3108, winding 
of relay 3109 to battery and ground so that 
this relay becomes energized. Upon the energization of magnet 2919, 
ground is placed on conductor 2930 and ex 
tended through conductor 3130, the right 
hand armature and back contact of relay 
3106, conductor 3133, conductor 2933, cor 
responding contacts of trunk bar 2923 and 
line bar 2922, conductor 2935 and thence to 
the windings of magnet 2901 in series. This 
ground is also extended over conductor 2935 
to conductor 2735 through the normal con 
tacts of the left-hand armature of relay 2703 
to conductor. 2731 where it functions as a 
holding circuit. 
As the wiper 3102 is moved onto its first 

active contact, a circuit is established from 
the ground on conductor 3131, wiper 3102, 
armature and front contact of relay 3109, 
winding of relay 3100 to battery and ground, 
whereby relay 3100 attracts its armatures for 
a purpose which will be explained herein 
after. Upon the movement of wiper 3103 
onto its second active contact, a potential 
circuit is established from the ground on 
conductor 3131 through Wiper 3103, the con 
tact and armature of relay 3100 to the wind 
ing of release relay 3106 and in multiple 
therewith relay 3118, but neither of these re 
lays is energized at this time due to the en 
ergization of relay 3100, just explained. 
Upon the movement of wiper 3105 onto its 
second contact, a circuit is established from 
ground, wiper 3105, conductor 3132, conduc 
tor 2932, inner left-hand armature and front 
contact of relay 2918 to battery and ground 
whereby relay 2918 is maintained energized 
to mark trunk bar 2923 as busy until wiper 
3105 is returned to normal. 
Upon the movement of wipers 3102 to 

3105, inclusive, onto their first active con 
tacts, the timing relays 3110 and 311 come 
into play. Circuit may be traced from 
ground on conductor 3131 through the 
armature and back contact of magnet 3101. 
left-hand armature and back contact of '?- 
lay 3106, wiper 3104, left-hand armature and 
back contact of relay 3111, winding of relay 
3110 to battery and ground. Relay 3110 
attracts its armatures and extends the 
ground on conductor 3131 through its 
armature and front contact to the winding 
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of relay 3111. Relay 3111 is energized in 
this circuit and locks up through its front 
contact and left-hand armature to the 
ground supplied for the energization of re 
lay 3110. This opens the circuit of l'elay 
3110 and after a short interval this relay 
retracts its armatures whereupon the cir 
cuit is established from ground on conduc 
tor 3131 through the armature and back 
contact of relay 3110, the front contact and 
right-hand armature of relay 3111, winding 

- of magnet 3101 to battery and ground. 
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Magnet 3101 becomes energized in this cir 
cuit and attracting its armature, opens up. 
the circuit of relay 3111 which after an in 
terval retracts its armatures, thereby open 
ing the circuit just traced for the energiza 
tion of magnet 3101. Upon its deemergiza 
tion, magnet 3101 steps the brushes 3102 to 
3105, inclusive, forward on to their second 
active contacts. 

In the mannel described, relays 3110 and 
3111 go through their cycle of operation and 
cause the wiper's 3102 to 3105, inclusive, to 
travel forward. These relays are so ad 
justed and timed that the operations follow. 
ing will be completed under normal condi 
tions before wipers 3102 to 3105, inclusive, 
have reached their last contacts. 

In the meantime and upon the engage 
ment of the corresponding contacts of line 
bar 2922 and trunk bar 2923, the impulse 
circuit including conductors 2975 and 2976 
is extended to conductors 2973 and 2974, re 
spectively. Conductor 297.3 may be traced 
over conductor 313, the outer right-hand 
armature and back contact of relay 3112. 
conductor 3176, conductor 3376, windlings of 
the minus, impulse responsive relay 3314, 
winding of the plus impulse responsive relay 
3313, winding of the marginal impulse re 
sponsive relay 3312, conductor 3375, con 
ductor 3175, back contact and outer left 
hand armature of relay 3112, conductor 3174 
to conductor 2974. Thus the impulse cir 
cuit is extended from the impulse sender in 
Fig. 23 to the impulse responsive means im 
the distant office, here shown in Fig. 33. 

Return now to the operations in the im 
pulse sender in Fig. 23. It is noted that re 
iay 2308 was energized in series with the 
winding of line relay 2905. The energiza 
tion of relay 230S. extends ground fron con 
ductor 2329 over the front contact and ariina 
ture of relay 230S, winding of relay 2310, 
to battery and ground. Relay 2310 extends 
this ground to the winding of relay 2309 
but since the other terminal of relay 2309 
is connected also to conductor 2329, relay 
2309 does not become energized this time. 
Upon the energization of magnet 2901. re 
lay 2308 becomes deemergized and in re 
tracting its armatures opens the circuit of 
relay 2310 but this relay is now maintained 
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energized in series with relay 2309. Relay 
2309 becomes energized and opens the cir 
cuit. of relay 2307. 
Upon the energization of relay 230 here 

in before described, a circuit is extended from 
ground, wiper 2302 and its normal contact, 
the front contact and left-hand armature 
of relay 2307, the contact and armature of 
magnet 2311 to battery and ground and in 
paralel therewith through the nornal con 
tact of wiper 2319, viding of relay 2312 
to battery and ground. Relay 232 and 
magnet 2311 become energized from this cin'- 
cuit. Magnet 231i upon attracting its arma 
ture, opens its own, circuit and immediately 
becomes deenergized thus moving wipers 
2302 and 2306 onto their first active con 
tacts. Relay 2312 is maintained energized 
through the movement of wiper 2302 onto 
its first active contact and the extension of 
ground therefrom over the front contact and 
inner left-hand armature of the numerical 
relay 2313, the normal contact and wiper 
2319, winding of relay 2312 to battery and 
ground. This also causes the energization 
of magnet 2311 and since the first, second 
and third active contacts associated with, 
wiper 2302 are multipled together, this cir. 
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cuit is maintained until the magnet 2311 
has, through its automatic operation, moved 
the wipers 2302 to 2306 inclusive, onto their 95 
fourth active contacts where magnet 2311. and relay 2312 become deemergized. 
The operations, described up to this point 

have taken place immediately after the re 
ceipt of the impulses representing the third 
office code designation resulting in the en 
ergization of relay 3504, and during this, 
interval, the rest of the impulses represent 
ing the thousands, hundreds, tens and units 
designation have been operating the relays 
2115 and 2116. It was hereinbefore noted 
that the connection now being described is 
being extended to a mechanical office where 
in there are no party lines and therefore 
no stations designation is being transmitted. 
However, it was pointed out that in spite 
of the fact that no stations designation was 
recorded by the calling subscriber, the 
designation “Zero' was to be sent from the 
originating office to the mechanical switch 
ing center. The function of this is to cause 
the energization of relay 2502. Upon the 
energization of this relay, which acts as a 
signal that the complete train of impulses 
has been sent and received, a circuit is es 
tablished from ground on conductor 2550, 
the outer right-hand almature and front 
contact of relay 2502, wintling of relay 2505 
to battery and ground. Relay 2505 attracts 
its armatures and establishes a circuit from 
ground, the inner right-hand armature and 
front contact of relay 2505, conductor 2534, 
conductor 2834, back contact and inner 
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right-hand armature of relay 2336, fourth 
active contact and wiper 2305, armature of 
the back contact of relay 2312, conductor 
2337, back contact and armature of magnet 
2338, wiper 2318 and its normal contact, 
winding of magnet 2338 to battery and 
ground. Magnet 2338 becomes energized in 
this circuit. At the same time, ground on 
conductor 2337 is extended through the 
outer lower armature and back contact of 
relay 2341, left-hand armature and back 
contact of relay 2348, winding of relay 2349 
to battery and ground. Relay 2349 becomes 
energized in this circuit. Upon the ener 
gization of magnet 2338, this magnet opens 
its own circuit and becoming deemergized 
moves the wipers 2315 to 2319, inclusive, 
which it controls, onto their first active con 
tacts. Wiper 2319 moving onto its first active 
contact, extends ground to the winding of 
relay 2312 which becomes energized and re 
moves the original ground from conductor 
2337 and switches it onto the winding of 
magnet 2311. This magnet now becomes en 
ergized and will remain energized until re 
lay 2312 becomes again deenergized. 
Upon the movement of the impulse send 

ing switch onto its first active contacts, the 
impulse circuit hereinbefore described is 
connected through the upper armatures and 
back contacts of relay 2341 to wipers 2315 
and 2316. The result of this action will be 
described hereinafter. 
The movement of wiper 2318 to its first ac 

tive contacts connects ground through the 
armature and back contact of magnet 2338 
to conductor 2337 to maintain relay 2349 en 
ergized. The energization of this relay con 
nects ground from wiper 2318 through the 
armature and front contact of relay 2349 to 
the winding of relay 2348 so that this relay 
now becomes energized. In attracting its 
armatures, relay 2348 locks up through its 
front contact and left-hand armature to the 
ground on conductor 2337. The energizing 
circuit of relay 2349 is now opened and af 
ter a short interval, this relay retracts its 
armature whereupon the ground is extended 
from wiper 2318 over armature and back 
contact of relay 2349, contact and right 
hand armature of relay 2348, the outer 
right-hand armature and back contact of re 
lay 2347, winding of relay 2341 to battery 
and ground. Relay 2341 becomes energized 
and in attracting its armatures cuts off the 
impulse circuit from wipers 2315 and 2316 
and at the same time opens the locking cir 
cuit of relay 2348. Relay 2348 now becomes 
deenergized, and by retracting its arma 
tures, opens the original energizing circuit of 
relay 2341, but this relay is maintained ener 
? through its inner lower armature and ront contact, winding of relay 2347, con 
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ductor 2337, back contact and armature of 
magnet 2338, wiper 2318 to ground. The en 
ergization of relay 2347 now provides a new 
energizing circuit for relay 2349 which may 
be traced from ground, wiper 2318, armature 
and back contact of magnet 2338, conductor 
2337, inner right-hand armature and front 
contact of relay 2347, left-hand armature 
and back contact of relay 2348, winding of 
relay, 2349, to battery and ground. Relay 
2349 becomes energized and in attracting its 
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armature establishes a circuit from ground, 
wiper 2318, armature and front contact of relay 2349, winding of relay 2348 to battery 
and ground. Relay 2348 attracts its arma 
tures and locks up through its front contact 
and left-hand armature to the ground which 
was extended to the winding of relay 2349. 
Relay 2349 now becomes deemergized and in 
retracting its armature establishes a circuit 
from ground, wiper 2318, armature and back 
contact of relay 2349, front contact: and 

80 

right-hand armature of relay 2348, outer 
right-hand almature and front contact of re 
lay 2347, winding of magnet 2338 to battery 
and ground. Magnet 2338 becomes ener 
gized in this circuit and by attracting its ar 

9) 

mature removes ground from conductor 
2337, whereupon relays 2341 and 2347 and 
2348 and magnet 2338 return to normal. The 
deenergization of magnet 2338 causes the 
wipers 2315 to 2319 inclusive, to move for 
ward onto their second active contacts. This 
cycle of operations is now repeated so that 
wipers 2315 to 2319, inclusive, move forward, 
step by step, until they are returned to their 
normal position. At this time, ground being 
removed from wiper 2319 as it passes from 
its fourth active contact to its normal con 
tact relay 2312 becomes deemergized. 
The deenergization of relay 2312 is fol 

lowed by the deenergization of magnet 2311, 
whereupon wipers 2301 to 2306 inclusive, are 
moved onto their fifth active contacts corre sponding to the thousands register. In this 
position, ground is extended from conductor 
2650 over the outer right-hand armature and 
front contact of relay 2600, conductor 2658, 
conductor 2558, conductor 2358, fifth active 
contact and wiper 2305, armature and back 
contact of relay 2312 to conductor 2337, thus starting the impulse switch again. With 
this explanation, it is believed that the ac 
tion of the impulse sending switch controlled 
by magnet 2338 and the impulse control 
switch controlled by magnet 2311 will be 
readily understood without further descrip 
tion. : In a manner similar to that hereinbefore 
described as wipers 2315 and 2316 travel 
from their normal contacts over their active 
contacts, and thence back again to their nor mal contacts, impulses are propagated and 
transmitted over the impulse circuit to oper 
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ate the impulse responsive relays at the ter 
minating office. The first set of impulses 
sent will correspond to the digit “0” regis 
tel'ed on the stations register, here represent 
ed by the second set of code relays at the 
right of Fig. 25. Since none of these code 
relays are energized, this will result in the 
sending of two weak negative impulses. 
The manner in which this is accomplished 
is as follows. - - 

Upon the movement of wipers 2315 and 
2316 on to their first active contacts, no cir 
cuit will be established. Wiper 2315 will 
be connected to ground and wiper 2316 will 
be connected to conductor 2340, which ex 
tends to conductor 2540, next to the outer 
right-hand armature of relay 2544, and 
thence to the front contact and right-hand 
armature of the A relay, but since the A 
relay is not energized, this circuit is open. 
Relay 2544 is energized at this time through 
a connection from ground on wiper 2304, 
fourth active contact, middle right-hand 
armature and back contact of relay 2336, 
conductor 2345, conductor 25.45, winding of 
relay 2544. 
As wipers 2315 and 2316 move to their 

second active contacts, a circuit is estab 
lished from ground, wiper 2316, over the 
impulse circuit and thence back to wiper 
2315, high resistance 2342, to battery and 
ground. This establishes a flow of current 
in the direction to energize relay 3314. 
With wiper's 2315 and 2316 on their third 
active contacts, no impulse is sent, and when 
they have moved to their fourth active con 
tacts, another weak negative impulse is sent. 
For further illustration, the sending of 

the digit 1 will be here noted. When the 
wipers 2315 and 2316 return to normal, 
magnet 2311 is deemergized in the manner 
heleinbefore described and moves, the in 
pulse control switch to its fifth active con 
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tact. Thereupon a circuit is established 
from ground, wiper 2304 and its fifth active 
contact, conductor. 2353, conductor 2553, 
conductor 2653, winding of relay 2608 to 
battery and ground. Now, as wipers 2315 
and 2316 move on to their first active con 
tacts, a circuit is established from ground, 
wiper 2315, over the impulse circuit, and 
back to wiper 2316, conductor 2340, conduc 
to 2540, conductor 2640, next to the outer 
right-hand armature and front contact of 
relay 2608, front contact and inner right 
hand armature of relay 2606, conductor 
2661, conductor 2561, conductor 2361, fifth 
active contact. and wiper 2303 outer left 
hand armature" and back contact of numeri 
cal relay 2313, resistance 2342, to battery 
and ground. Thus current is caused to flow 
in the impulse circuit in such a direction. 
as to energize relay 3313. The complete 
set of impulses will not be further de 

89 
scribed. In place thereof the following 
table is presented: - 

| ??i?? --.--- 
The table herein presented is divided into 

a number of columns. 
headed “Designation’ shows the order in 
which the digits are sent and received. This 
Order is stations, thousands, hundreds, tens 
and units. It should be noted at this point 
that a call is now being described as extend 
ing to a terminating office where there are: 
no stations designations, that is, there are 
no party lines. Since the majority of offices 
in any district will be equipped for party 
lines, it is necessary to equip the mechanical 
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The first column, 
95 

100 

switching center with apparatus to send 
stations designations. In the drawings here 105 
used to illustrate this invention, a stations 
register is shown in Fig. 33, but as has been ??? 

described, this stations register will not be . 
set since the digit 0 will in all cases like 
the present be sent. In actual practice, the 
code relays A, B, C and D would not be 110 
installed in a terminating office where there . . 
are no party lines, but only the countin 
relays 3300 and 3301 would be provided." 
These counting relays will absorb the first 
set of impulses corresponding to the sta 
tions digit 0, so that when the thousands 
designation is transmitted, the code relays. 
A, B, C, and D to the left in Fig. 34 will be energized in their proper order. 
Another method which may be pursued 

would be to leave out the stations register 
consisting of the four code relays A, B, C 
and D to the right in Fig. 33 and the two 
counting relays 3300 and 3301 and to cause 
the class indicator in the mechanical switch 
center to energize relay 2336. This relay 
is known as the “stations last” relay and 
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causes the normal order of the sending of 
impulses to be reversed so that the thousands 
designation is sent first and the stations 
designation last. 
The circuits are shown in the form here 

given for the reason that several classes of 
calls must be described, and there would be 
a mere useless duplication of drawings to 
show the different classes of registers. Thus 
the block of sixteen drawings representing 
the terminating office includes a stations 
register and means for operating party lines, 
but in the present description this party line 
apparatus will be ignored and treated as if 
it were absent. 
The second column of the table just 

given represents the digit sent. It will be 
noted that only the digits 1102 representing 
the line number of the called line at the 
terminating office are sent. 
fice code designations hereinbefore used in 
setting the district selector and the office 
selector are not repeated into the terminat 
ing office because their function has been 
fully performed. 
The third column represents the position 

in which the impulse control switch is placed 
during the sending of the impulses represent 
ing the digits noted in the second column. 
This impulse control Switch comprises mag 
net 2311 and wiper's 2301 to 2306 inclusive. 
The fourth column of this table represents 

the position of the impulse sending switch 
comprising magnet 2338, controlling relays 
2341, 2347, 234S and 2349, and wipers 2315 
to 2319 inclusive. For each step of the im 
pulse control switch the impulse sending 
switch makes a complete cycle. 
The fifth column of this table represents 

the impulses sent. The characters here 
used are the same as those used in a pre 
vious table. 
The sixth, seventh and eighth columns tab 

ulate the action of the relays which are di 
rectly affected by the impulses. Looking 
down these three columns it will be noted 
that relay 3312 is affected only by a strong 
negative impulse, as for instance when the 
digit “2' is being sent and while the im 
pulse sending Switch is on its second active 
contact. It will be noted also that relay 
3313 responds only to the plus impulses, as 
for instance when the digit “1” is being 
Sent and the impulse sending switch is rest 
ing on its first active contact. Relay 3314 
is responsive to negative impulses, both weak 
and strong. 
The ninth and tenth columns of this ta 

ble represent the action of the pair of re 
lays which is responsive to the operation of 
the three relays included in the impulse cir 
cuit. These two relays are included in a 
circuit arrangement including a contact 
point (front contact of relay 3314) in such 
a manner that the successive openings and 
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closings of this contact point cause these two 
relays to be energized in all possible combi 
nations. 
The eleventh column of this table presents 

the counting relays which are operated and 
indicates the point at which they become 
energized. It should be noted that relays 
3312 to 3316 inclusive are energized only in 
the positions in which they are checked, 
while the counting relays become energized 
and remain energized thereafter until the 
sender is released. 
The twelfth and thirteenth columns of 

this table represent the code relays and in 
dicate the point at which they are energized. 
These code relays, like the counting relays, 
after becoming energized remain in that 
condition until the sender is released. Thus 
the sending of called number 1102 results 
in the energization of the A relay in the 
thousands register, the A relay in the hun 
dreds register, none of the relays in the tens 
register, and the B relay in the units reg 
ister. This is in accordance with the code 
hereinbefore given. 
As the last impulse of this train of im 

pulses is sent, the impulse sending switch 
passes on to its normal contact, and the im 
pulse control switch is moved on to its ninth 
active contact. In this position a circuit is 
established from ground, w per 2301 and 
its ninth active contact, conductor 23:57, con 
ductor 2557, front contact and left-hand ar 
mature of relay 2505, back contact and left 
hand armature of relay 2506, back contact 
and left-hand armature of relay 2507, con 
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ductor 2568, conductor 2368, conductor 2168, 
back contact and right-hand armature of 
2100. Sender release relay 2100 becomes 
energized in this circuit, and through its 
front contact and inner right-hand armature 
locks up to the ground on conductor 2131. 
At the same time this relay releases relay 
2110 so that relay 2110 becomes deenergized 
and extends a connection from ground on 
conductor 2131, wiper 2103, armature and 
back contact of relay 2110, conductor 2159, 
conductor 2359, wiper 2306, and its ninth 
active contact, back contact and armature of 
magnet 2311, winding of magnet 2311 to 
battery and ground. Magnet 2311 is thus 
included in a self-interrupting circuit, and 
it therefore vibrates its armatures and 
moves the wipers 2302 and 2306 on to ther 
normal positions. 

Sender release relay 2100 closes a circuit 
from ground, front contact and outer right 
hand armature of relay 2100, conductor 
2134, conductor 1934, corresponding contacts 
of trunk bar 1923 and line bar 1922, conduc 
tor 1936, conductor 1736, left-hand armature 
and front contact of relay 1703, winding of relay 1702, to battery and ground. Relay 
1702 becomes energized in this condition and 

relay 2138, winding of sender release relay 
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locks up through its front contact and outer 
lower armature to the 

It will be shown hereinafter that almost 
simultaneously with this action that relay 
2702 in the incoming selector at the distant 
office is energized, thus connecting ground 

- This 

provides a current path through the wind 
ings of relay 1701, which now becomes ener 
gized, and through the movement of its ar 

ground on conductor 

matures energizes the left-hand winding of 
relay 1700. This relay, which was previ ously energized through its right-hand 
winding will shortly lose its energizing cir 
cuit through the release of the sender selec 
tor in Fig. 19 so that this substitute ener 
gizing circuit through its left-hand wind 
ing is closed at this time. Relay 1700 main 
tains its ground on conductor 1731. 
The movement of the left-hand armatures 

of the sender release relay 2100 also discon 
nects the impulse circuit from the impulse 
sending switch of Fig. 23 so that this cir 
cuit is ineffective for the sending of more impulses. 
As the impulse control switch moves its 

wipers to their normal position, a circuit is 
established from ground on conductor 2131, 
wiper 2103, armature and back contact of 
relay 2110, conductor 2159, conductor. 2359, 
wiper 2306, conductor 2351, conductor 2151, 
winding of relay 2106, to battery and 
ground. Relay 2106 becomes energized, and 
by removing ground from conductor 2150 
causes the release of all of the code relays 
in Figs. 25, 26 and 36, and the other relays 
shown in Figs. 21 and 23, which are depend 
ing on this ground for their continued ener 
gization at this time. Relay 2106 locks up 
through its front contact and inner right 
hand armature to the ground of conductor 
2131. A circuit is now closed from ground, 
wiper 2105, conductor 21:32, conductor 1932, 
inner left-hand armature and front contact 
of relay 1918, conductors 1930 and 2130, 
back contact and armature of magnet 2101, 
left-hand armature and front contact of re 
lay 2106, winding of magnet 2101 to battery 
and ground. Magnet 2101 is thus included 
in a self-interrupting circuit and thereby 
causes the wipers 2102 to 2105 inclusive to 
move on to their normal contacts. In this 
position, relay 1918 is deenergized, and by 
removing ground from conductor 1930 and 
1931, causes the release of relays 2100 and 
2106. At the same time, ground is removed 
magnet 1901 to become deenergized, where 
by the sender selector switch is returned to 
normal position. The circuit is now estab 
lished from the calling line, through the va 
rious switches in the originating office and 
the office selector with its secondary line 
Switch, shown in Fig. 18, to the incoming 

of L. 

selector of the terminating office here shown in Fig. 27. 
We will now consider the operations tak 

ing place at the distant office. Upon the 
completion of the receipt of impulses rep 
resenting the hundreds digit, relay 3402 be 
comes energized. This relay establishes a 
circuit from ground, its innermost left-hand 
armature and front contact, conductor 3417, 
conductor 3317, conductor 3117, winding of 
relay 3113, to battery and ground. Relay 
3113 is emergized in this circuit. and is in 
strumental in completing other circuits as 
follows: from battery, left-hand armature 
and front contact of relay 3113, conductor. 
3116, conductor 3216, conductor 3416, outer 
left-hand armature and back contact of re 
lay 3407, left-hand armature and back con 
tact of relay 3408, the outer right-hand ar 
mature and front contact of relay 3404, con 
ductor 3409, conductor 3209, winding of re 
lay 3200, conductor 3210, conductor 3410, 
back contact and inner right-hand armature 
of relay 3407, conductor 3450, conductor 
3350, conductor -3150, back contact and ar 
mature of relay 3118, to battery and ground. 
Relay 3200 becomes energized in this cir 
cuit. The energization of relay 3113 also 
establishes another circuit which may be 
traced from ground on conductor 3150, the 
inner right-hand armature and back contact 
of relay 3114, the Outer right-hand armature 
and front contact of relay 31.13, conductor 
3115, conductor 3215, conductor. 3015, wind ing of relay 3000, to battery and ground. 
Relay 3000 now becomes energized. This 
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results in the establishment of a circuit 
from battery, the upper winding of magnet 
3001, front contact and armature of relay 
3000, back contact and inner right-hand ar 
mature of relay 3002, back contact and 
left-hand armature of relay 3003, back con 
tact and armature of relay 3004, to ground. 
Magnet 3001 now becomes energized and at 
tracts its armature, and actuates the multi 
contact device shown diagrammatically. 
above it. Magnet 3001 now locks up in a 
circuit from battery, its lower winding, its 
front contact and lower armature, winding 
of relay 3002, and thence over the circuit 
previously described to ground connected 
to the armature of relay 3004. Relay 3002 
now becomes energized in this circuit and 
opens the original energizing circuit of 
magnet 3001. A new circuit is now estab 
lished from ground, front contact and outer 
right-hand armature of relay 3002, 1nner from conductor 2133, thus allowing line bar left-hand armature and back contact of re 
lay 3005, winding of relay 3006, to battery 
and ground. Relay 3006 becoming ener 
gized, establishes a circuit from ground, its 
left-hand armature and front contact, con 
ductor 3012, through the corresponding con-. 
tacts controlled by ma 
3019, conductor 3219, conductor 3119, back 

gnet 3001, conductor 
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conductor 3411, conductor 3211, left-hand 
armature and front contact of relay 3200, 
conductor 3201, conductor 4001, winding of 
relay 4000, to battery and ground. Relay 
4000 becomes energized in this circuit, and 
in attracting its armature establishes a cir 
cuit for magnet 4002, extending from bat 
tery, the upper winding of magnet 4002, 

10. 
front contact and armature of relay 4000, 
conductor 4003, conductor 3803, back con 
tact and right-hand armature of relay 3802, 
armature and back contact of relay 3801, 
winding of relay 3800, to ground. Relay 
3800 is energized in this circuit as well as 

5 magnet 4002. The energization of magnet 
4002 results in the establishment of a lock 
ing circuit for this magnet from battery, 
lower winding, front contact and armature 
of magnet, 4002, conductor 4004, conductor 
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3804, winding of relay 3802, armature and 
back contact of relay 3801, winding of relay 
3800, to ground. Relay 3802 now becomes energized and opens the original energizing 
circuit of magnet 4002. By the movement. 
closes a circuit from ground, winding of re 
lay 3800, back contact and armature of re 
lay 3801, right-hand armature and front 
contact of relay 3802, left-hand armature 
and back contact of relay 3809, outer left 
hand armature and back contact of relay 
3810, winding of slow to release relay 3811 
to battery and ground. Relay 3811 becomes 
energized. Relay 3802 also closes another 
circuit from ground, left-hand armature 
and front contact of relay 3802, right-hand 
armature and back contact of relay 3805, 
winding of relay 3806, to battery and 
ground. Relay 3806 attracts its armatures 
and extends a connection from ground, left 
hand armature and front contact of relay 
3806, conductor 3819, conductor 4019, con 
ductor - 4119, to conductor 4319. The 
grounded conductor 4319 plays the same part 
in the three sets of code relays, shown in 
Fig. 43, as conductor 1219 plays in the cor 
responding relays, shown in Fig. 12. o 

It may be assumed by this time that all 
of the impulses have been received and that 
the units register is set. The energization of 
the code relays, shown in Figs. 34 and 42, 
will cause the energization of the corre 
sponding code relays, shown in Fig. 43. 
Thus the energization of relay 3405, in Fig. 
34, causes the establishment of a circuit from 
ground on conductor 4019, corresponding 
contacts controlled by magnet 4002, conduc 
tor 4018, conductor 4218, conductor 3418, 
left-hand armature and front contact of re 
lay 3405, conductor 3412, conductor 4212, 
conductor 4012, corresponding contacts con 
trolled by magnet 4002, conductor 4005, 
conductor 4105, conductor 4305, winding of 
relay 4303, to battery and ground. In a 
similar manner, the energization of relay 

4204 will cause the energization of relay 
4323? 
A circuit is now established from ground 

on conductor 4319, through the inner right 
hand armatures and back contacts of relays 
4300, 4301 and 4302, and the inner right 

43. 
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hand airmature and front contact of relay 
4303, conductor 4304, conductor 4104, wind 
ing of magnet 4100, to battery and ground. 
Magnet 4100 becomes energized in this cir 
cuit. Since none of the relays 4306 to 4309 
inclusive, have been energized, a circuit is 

5 

now established from ground on conductor 
4319, through the inner right-hand arma 
tures and back contacts of relays 4306 to 
4309 inclusive, conductor 4310, conductor. 
4110, corresponding contacts controlled by 
magnet 4100, conductor 4101, winding of 
magnet 4102, to battery and ground. Mag 
net 4102 becomes energized in this circuit. 

Attention is now particularly called to 
the arrangement shown in Figs. 37 and 39 
which illustrate a circuit arrangement iden 

- tical with that shown in Fig. 5 with the 
of its right-hand armature, relay, 3802 also addition of a cross connecting frame intro 

duced between the conductors leading from 
the line bars of the primary line switch and 
the subscribers’ lines. The working parts 
of the primary line switch are shown in 
Fig. 37 and the controlling circuits known 
as the master. Switch are shown in Fig. 39. 
At the right in Fig. 37 and at the right in 
Fig. 39, a number of terminal blocks are 
shown which comprise the cross connecting 
frame just mentioned. Terminal blocks 
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3713 to 3717 are those individual to the line . 
bars of the primary line switch and are all 
wired in a uniform manner to the line 
switch. Terminal blocks 3745 to 3749 in 
clusive, are individual to the subscribers' 
lines and are wired uniformly to the lines 
in the same manner. In order to supply 
different classes of service to the subscrib 
ers' lines here numbered 3705 to 3709 lin 
clusive, different cross connections are made 
between the terminal blocks of the two 
grOupS. 

05 

110 

Line 3708, for instance, is shown as an 
individual line and the cross connection be 
tween the subscriber's terminal block 3748 
and the line switch terminal block 3714 is 
made in the manner shown. 

Subscriber's line 3706 illustrates a party 
line and it will be noted that the cross con 
nection between the subscriber's line block 
3746 and the line switch terminal block 3716 
is different than in the case of the indi 
vidual line. 
Again the three lines 3705, 3707 and 3709 

illustrate three lines leading to a single 
private branch exchange. For this type of 
service, additional terminal blocks 3943 to 
3945 inclusive, are employed. Each of these 
terminal blocks has a relay whose terminals 
and contacts are uniformly wired to the 
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said terminal block. One of these devices 
is employed in connection with each private 
branch exchange line. In the example here 
given, the line 3705 is the first line in this 
particular group of private branch exchange 
lines. Associated with line 3705 is relay 
3901 reached through cross connections to 

10 

the terminal block 3945. The second line 
of this group of PBX trunks is line 3707 
which has associated with it relay 3902 
reached through cross connections to ter 
minal block 3944. The last line of this 
group 3709 has associated with it the relay 
3904 reached through cross connections to 
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the terminal block 3943. 
In the arrangement shown, line 3705 and 

line 3707 have line numbers and line 3709 
has no line number but is reached through 
calling either line 3705 or 3707. We have 
shere shown two of the group of PBX trunks 
as having line numbers for the purpose of 
illustrating what is known as “night serv 
ice.” In such a case. Several line numbers 
are listed in the telephone directory as lead 
ing to different points in the private branch 
exchange installation and therefore, these 
particular points can only be reached when 
night service conditions are set up by calling 
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Such particular numbers. For the ordinary 
service in the daytime, only a single number 
is listed in the directory so that all lines 
may be reached through calling this one 
number. 
The arrangement here shown in which an 

actual line leading from the exchange to a 
Subscriber is employed having no line num 
ber forms one of the features of this in 
vention. This feature makes it possible 
to have a number of lines radiating from the 
exchange greatly in excess of the capacity 
of the exchange as measured by the possible 
line numbers which may be listed. The 
number of lines such as 3709 which may be 
associated in a group with one line having 
a line number is unlimited. 

In the present instance, if line 3705 is 
called and is busy, it will be, through the 
action of relay 3901, automatically switched 
on to line 3707 and if this line is bisy the 
call will be automatically switched on to line 
3709. In cases such as the present where 
two line numbers are provided for one 
group of PBX trunks, if the line 3707 is 
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called and is found to be busy then the call 
? be automatically switched on to line 
3709. ? 

With this short explanation, we will now 
continue to trace the circuits which are . 
employed in extending a call to line 3705 
which has the line number WADsworth 
1102. Upon the energization of relay 3806 
hereinbefore described, a circuit is estab 
lished from ground, right-hand armature 
and front contact of relay 3806 to the master 
switch conductor 8813 and thence extended 
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over conductor 4013, conductor 4113, con 
ductor 4313, left-hand armature and front 
contact of relay 4311, conductor 4315, con 
ductor 4115, corresponding contacts con 
trolled by magnet 4102, conductor 4.131, con 
ductor 3931, conductor 3731, cross connect 
ing conductor 3733, cross connecting con 
ductor 3933, left-hand armature and back 
contact of relay 3901, cross connecting con 
ductor 3925, cross connecting conductor 
3725, master switch wire 3724, conductor 
3924, outer right-hand armature and back 
contact of relay 3908, relay 3923, relay 3909 
to battery and ground. Both relays 3923 
and 3909 become energized in this circuit. 
A circuit is now established from ground, 
winding of relay. 3912, conductor 3911, front 
contact and outer left-hand armature of 
relay 3909, conductor 3929, right-hand arma 
ture and back contact of relay 3910, prefer 
ence switch wiper 3917, left-hand armature 
and back contact of relay 3918, winding of 
magnet 3919, to battery and ground. Mag 
net 3919 becomes energized in this circuit 
and extends the ground instrumental in its 
energization through its inner left-hand 
armature and front contact over conductor 
3920, winding of relay 3921 to battery and 
ground. Relay 3921 becomes energized and 
further extends this ground connection to 
one terminal of relay 3910 but this relay 
having ground connected to its other ter 
minal through conductor 3929 does not be 
come energized at this time. A circuit is 
now established from ground, winding of 
relay 3912, conductor 3911, front contact and 
inner left-hand armature of relay 3909, con 
ductor 3949, front contact and outer left 
hand armature of magnet 3919, conductor 
3930, conductor 3730, conductor 3630, wind 
ing of relay 3628 to battery and ground. 
Relay 3628 becomes energized and extends 
the ground instrumental in its energization 
through its inner right-hand armature and 
front contact over conductor 3602, outer 
right-hand almature and back contact of 
relay 3608, back contact and inner left-hand 
a "mature of relay 3621, winding of relay 
3609 to battery and ground. Relay 3609 
now becomes cnergized and further extends 
this grond connection through its inner 
left-hand armature and front contact over 
conductor 3631 conductor 3831, winding of 
relay 3807, to battery and ground so that 
relay 3807 now becomes energized. 
The energization of relay 3807 also results 

in the establishment of a circuit from 
ground, left-hand armature and front con 
tact of relay 3807, winding of relay 3808, to 
battery and ground, and this relay becoming - 
energized locks up through its inner right 
handi armature, and front contact and the 
armature and back contact of relay 3801, 
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winding of relay 3800, to ground. Relay. 
8808 becoming energized, extends a connec SO 
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tion from ground, outer right-hand arma 
ture and front contact of relay 3808, conduc 
tor 3816, conductor 4016, corresponding 
contacts controlled by magnet 4002, con 
ductor 4035, conductor 3235, conductor 3135, 
outer right-hand armature and front contact 

3114, conductor 31.46, winding of 
relay 3112, to battery and ground. Relay 
3112 becomes energized and establishes a cir 
cuit from ground, front contact and inner 
right-hand armature of relay 3112, conduc 
tor 3126, conductor 2926, corresponding con 
tacts of trunk bar 2933, line bar 2922, con 
ductor 2925, conductor 2725, and thence in 
parallel through the windings of relays. 2702 
and 2703 to battery and ground. Relay 
2702 in attracting its armatures, establishes 
a circuit from ground, the left-hand wind 
ing of relay 2705, the normal contacts of the 
left-hand armature of relay 2706, upper 
winding 2707 of the repeating coil, front 
contact and inner upper armature of relay 
2702, conductor 2773, conductor 1873, corre 
sponding contacts of trunk bar 1823 and line 
bar 1822, conductor 1875, conductor 1775, 
corresponding contacts of line bar 1714 and 
trunk bar 1710, conductor 1773, left-hand 
winding of relay 1701, front contact and 
upper armature of relay 1702, conductor 
1763, conductor 863, corresponding contacts 
of trunk bar 823 and line bar 822, conductor 
865, conductor 765, corresponding contacts 
of line bar 714 and trunk bar 710, conduc 
tor 763, upper armature and front contact 
of relay 709, upper secondary winding of 
repeating coil ? outer right-hand. arma 
ture and back contact of relay 717, windings 
of relay 715, back contact and inner right 
hand armature of relay 717, lower secondary 
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winding of repeating coil 707, front contact 
and lower armature of relay 709, conductor 
764, corresponding contacts of trunk bar 
710 and line bar 714, conductor 766, con 
ductor 866, corresponding contacts of line 
bar 822 and trunk bar 823, conductor 864, 
conductor 1764, inner lower armature and 
front contact of relay 1702, right-hand 
winding of relay 1701, conductor 1774, 
corresponding contacts of trunk bar 1710 
and line bar 1714, conductor 1776, conduc 
tor 1876, corresponding contacts of line bar 
1822 and trunk bar 1823, conductor 1874, 
conductor 2774, inner lower armature and 
front contact of relay 2702, winding 2709 
of the repeating coil, normal contacts of the 
right-hand armature of relay 2706, right 
hand winding of relay 2705, to battery and 
ground. Relay 2705 becomes energized in 
this circuit and through its armature places 
ground on conductor 2731 to replace the 
ground supplied to this conductor through 
the normal contacts of the left-hand arma 
ture of relay 2703. Relay 715 is energized 
in this circuit, but the current now flows in 
such a direction that its armature is not at 

4.5 

tracted at this time. Relay 1701 is also ener 
gized in this circuit. Upon the energization 
of relay 2703, the ground supplied to con 
ductor 2731 through the contacts of the 
sender selector switch in Fig. 29 is cut off, 
but a substitute ground is supplied in the 
manner just described. Relay 2703 locks 
up in a circuit from ground, armature and 
front contact of relay 2705, conductor 2731, 
alternate contacts of the left-hand armature 
of relay 2703, winding of such relay to bat 

5 

tery and ground. Relay 2702 is also held 
energized in a circuit from ground, arma 
ture and front contact of relay 2705, con 
ductor 2731, alternate contacts of the left 
hand armature of relay 2703, conductor 
2725, winding of relay 2 
ground. 
Movement of the armatures of relay 2702 

cuts off the impulse sending circuit from 
the relays 3312 to 3314, inclusive. 
. Upon the energization of relay 3909, a 
circuit is established from ground, winding 
of relay 3912, conductor 3911, back contact 
and inner left-hand armature of relay 3910, 
right-hand armature and front contact of 
relay 3909, conductor 3932, conductor 3832, 
winding of relay 3809 to battery and ground. 
The energization of relay 3809 is a signal 
indicating the fact that the master switch 
wire controlled by relay 3806 has properly 
entered the master switch and performed its 
functions at that point. The energization 
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of relay 3807 is an indication that the master 
switch of the secondary line switch has been 
started and when this relay 3807 becomes 
deenergized, it will be a signal that the sec 
ondary line switch has been properly set and 
it will then be time for the primary line 
switch to be finally actuated. The energiza 
tion of relay 3809 opens the original circuit 
of relay 3811 and this relay after an inter 
val retracts its armatures. In the mean 
time, however, a circuit is established from 
ground, winding of relay 3800, back contact 
and right-hand armature of relay 3801, right 
hand armature and front contact of relay 
3802, left-hand armature and front contact of 
relay 3809, winding of relay 3810 to battery 
and ground. Relay 3810 becomes energized 
and locks up through its inner left-hand 
armature and front contact to the ground 
supplied by the winding of relay 3800. 
During the interval between the energization 
of relay 3809 and the deenergization of relay 
3811, the busy test relay 3812 is connected 
through the conductor 3839, front contact 
and right-hand armature of relay 3811, the 
front contact and right-hand armature of 
relay 3809 to conductor 3814 which is known 
as the “line bar' wire and leads, as will be 
hereinafter seen, over conductor 3703 to the 
winding of line bar magnet 3701. In the 

00 

05 

110 

115 

20 

125 

case of a PBX line however, this test con 
nection has no function, but instead should 
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all the trunks prove to be busy, then a sub 
stitute connection is established, leading from ground supplied at the right-hand 
armature and front contact of relay 3806 
Over the master switch wire connection as 
hereinbefore described, to the left-hand 
armature of relay 3901, thence over the as 
sociated front contact of relay 3901, the 
left-hand armature and front contact of 
relay 3902, left-hand armature and front 
contact of relay 3904, conductor 3950, con 
ductor 3750, all trunks busy conductor 3739, 
conductor 3939, conductor 3839, normal 
contacts of the inner left-hand armature of relay 3812, winding of relay 3812 to battery 
and ground. In such a case, relay 3812 be 
comes energized. Upon the energization of 
relay 3812, the circuit just traced is broken, 
but relay 3812 immediately establishes a new 
connection through the alternate contacts 
of its inner left-hand armature, the front 
contact and right-hand armature of relay 
3802, the armature and back contact of relay 
3801, winding of relay 3800 to ground. 
Relay 3812 thereupon transmits a busy in 
dication back to the calling line which will 
be more fully described hereinafter. 

Let us assume, however, that line 3705 is 
idle and that the connection can be properly 
established. After an interval relay 3811 
becomes deenergized and establishes a condi 
tion which will be effective upon the releas 
ing of relay 3807. 
The energization of relay 3609 now re 

sults in the establishment of a connection 
from ground, winding of relay 3612, con 
ductor 3611, outer left-hand armature and 
front contact of relay 3609, conductor 3629, 
left-hand almature and back contact of re 
lay 3610, outer right-hand armature and 
front contact of relay 3609, preference 
switch wiper 3632 and its first contact, left 
hand armature and back contact of relay 
3618, winding of magnet 3619 to battery 
and ground. Magnet 3619 becomes ener 
gized and extends the ground instrumental 
in its energization through its inner left 
hand armature and front, contact to con 
ductor 3620 and thence to one winding of 
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relay 3610, but this relay having its other 
terminal grounded at this time does not be 
come energized. Magnet 3619 also estab 
lishes a circuit from ground, its oliter left 
hand armature and front contact, conductor 
3633, conductor 2833, winding of magnet 
2800, winding of relay 2801 to battery and 
ground. Magnet 2800 becoimes energized 
and actuates trunk bar 2810. Relay 2801 ye 
comes energized and establishes a circuit 
from battery, outer left-hand amature and 
front contact of relay 2801, left-hand wind 
ing of magnet 2802, conductor 2803, back 
contact and outer right-hand armature of 
magnet 2804, condictor 2806, through the 
back contacts and outer right-hand arma 
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tures of other magnets similar to 2804 which 
are individual to the trunk connected to 
line bar 2714, conductor 2807, back contact 
and outer right-hand armature of magnet 
2802, conductor 2805, conductor 2705, cor 
responding contacts of line bar 2714, and 
trunk bar 2710, conductor 2701, inner right 
hand armature and back contact of relay 
2700, front contact and inner right-hand 
almature of relay 2703 to ground Mag 
net 2802 becomes energized in this circuit 
and immediately locks up in a circuit from 
ground, conductor 2731, inner right-hand 
armature and back contact of magnet 2704, 
corresponding contacts of trunk bar 2710 
and line bar 2714, conductor 2708, conduc 
tor 2808, left-hand armature and front con 
tact of magnet 2802, front contact and in 
ner right-hand armature of magnet 2802, 
right-hand winding of magnet 2802 to bat 
tery and ground. Magnet, 2802 in attract 
ing its armatures actuates the line bar 2814 
and causes connection to be established be 
tween the corresponding contacts of line 
bar 2814 and trunk bar 2810. The energiza 
tion of magnet 2802 now opens the series 
circuit including conductors 2806 and 2807, 
So that no other magnet such as 2802 or 2804 
individual to the trunk line connected to 
line bal' 2714 can be actuated. 
The ground on conductor 2808 is now ex 

tended through the corresponding contacts 
of line bar 2814 and trunk bar 2810 to con 
ductor 2824, conductor 3624 and thence 
through the winding of relay 3618 to bat 
tely and ground. IRelay 3618 becomes en 
ergized in this circuit and cuts off the origi 
nal ground connection to magnet 3619. 
This magnet however, is retained in an en 
ergized condition in series with the winding 
of relay 3610 which now becomes energized. 
Upon the energization of relay 3610, a cir 
cuit is established from ground, winding of 
relay 3612, conductor 3611, right-hand ar 
mature and front contact of relay 3610, 
right-hand armature and back contact of re 
lay 3621, conductor 3603, inner right-hand 
armature and front contact of relay 3609, 
conductor 3625, front contact and left-hand 
a'inature of relay 3628, right-hand low re 
sistance winding of relay 3604, left-hand low 
resistance winding of magnet 3601 to battery 
and ground. Relay 3604 and magnet 3601 
become energized in this circuit whereupon 
magnet 3601 actuates the line bar 3622 and 
causes connection to be nade between the 
corresponding contacts of line bar 3622 and 
trunk bar 3623. The energization of this 
relay and magnet also establishes a circuit 
from ground, the outer left-hand armature 
and front contact of magnet 3601, front con 
tact and inner left-hand arnature of relay 
3604, winding of relay 3621 to battery and 
ground. Relay 3621 becomes energized and 
locks up in a circuit from ground, winding 
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3700, cross connecting conductor 3900, right 
hand armature and back contact of relay 
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of relay 3612, conductor 3611, right-handar 
mature and front contact of relay 3610, right 
hand contact and armature of relay 3621, 
winding of relay 3621 to battery and ground. 
The energization of relay 3621 also opens 
the circuit of relay 3609 which now becomes deenergized. 
The deemergization of relay 3609 opens the 

circuit of relay 3807 which now becomes 
deenergized and in SO doing establishes a 
circuit from ground, winding of relay 3800, 
back contact and armature of relay 
right-hand armature and front contact of 
relay 3802, right-hand armature and back 
contact of relay 3807, left-hand armature 
and back contact of relay 3811, left-hand 
armature and front contact of relay 3808, 
front contact and right-hand armature of 
relay 3810, back contact and right-hand 
armature of relay 3811, right front contact 
of relay 3809, conductor 3814, conductor 
4014, conductor 4114, conductor 4314, right 
hand armature and front contact of relay 
4311, conductor 4.312, conductor 4112, corre 
sponding contacts controlled by magnet 
4102, conductor 4103, conductor 3903, con 
ductor 3703, cross connecting conductor 

3901, cross connecting conductor 3934, cross 
connecting conductor 3734, winding of line 
bar magnet 3701, to battery and ground. 
Line bar magnet 3701 becomes energized 
and actuates line bar 3722, thus making con 

5 tact between the corresponding contacts of 
line bar 3722 and trunk bar 3723. The 
ground extended to the right-hand armature 
of relay 3901 is now extended through the 

i winding of relay 3901, cross connecting con 
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ductor - 3935, cross connecting conductor 
3735, corresponding contacts of line bar 
3722 and trunk bar 3723, conductor 3736, 
conductor 3936, right-hand winding of re 
lay 3918, to battery and ground. Relay 
3918 becomes energized in this circuit and 
locks up in a circuit from ground, front con 
tact and outer right-hand armature of re 
lay 3628, outer left-hand armature and 
front contact of relay 3604, conductor 3637, 
conductor 3737, conductor 3937, right-hand 
armature and front contact and right-hand 
winding of 3918 to battery and ground. The 

ens the original 
energizing circuit of magnet 3919, but this 
magnet is now retained energized in series 
with relay 3910 and this latter relay becomes ü?????????2?{ 
The energization of relay 3910 opens the 

circuit of relay 3809 and this relay be 
coming deemergized opens the connection to 
the line bar wire 3814 so that ground is re 
moved from the right-hand armature and 
back contact of relay 3901 and this relay 
therefore becomes energized in a circuit from 
hattery, the winding of line bar magnet 

3801, 

3701, conductor 3784, conductor 3934, wind 
ing of relay 3901, conductor 3935, conduc 
tor 3735, corresponding contacts of line bar 
3722 and trunk bar 3723, conductor 3736, 
conductor 3936, front contact and right 
hand armature of relay 3918, conduc 
tor 3937, conductor 3737, conductOr 3637, 
corresponding contacts of line bar 3622 and 
trunk bar 3623, conductor 3624, conductor 
2824, corresponding contacts of trunk bar 
2810 and line bar 2814, conductor 2808, con 
ductor 2708, corresponding contacts of line 
bar 2714 and trunk bar 2710, back contact 
and inner right-hand armature of trunk bar 
magnet 2704 to ground on conductor 2731. 
The deenergization of relay 3809 also es 
tablishes a circuit from ground, winding of 
relay 3800, back contact and armature of re 
lay 3801, right-hand armature and front con 
tact of relay 3802, left-hand armature and 
back contact of relay 3809, outer left-hand 
armature and front contact of relay 3810, 
winding of relay 3805 to battery and ground. 
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Relay 3805 becomes energized and locks up 
in a circuit from ground, left-hand almature 
and front contact of relay 3802, right-hand 
armature and front contact of relay 3805, 
winding of relay 3805 to battery and 
ground. Relay 3805 now opens the ener 
gizing circuit of relay 3806 and after an in 
terval, this relay retracts its armatures. 
During this interval, however, a circuit is 
established from ground, outer left-hand 
armature and front contact of relay. 3805, 
conductor 3815, conductor 4015, correspond 
ing contacts controlled by magnet 4002, con 
ductor 4034, conductor 3234, conductor 3134, winding of relay 
ground. Relay 3107 becomes energized in 
this circuit and locks up through its front 
contact and inner right-hand armature to 
the ground on conductor 3131. At the same 
time the connection through the right-hand 
armature and back contact of relay 3107, to 
the winding of relay 3109 is opened, and 
relay 3109 retracts its armature. Thereup 
on a circuit is established from ground on 

3107 to battery and 

90 

-95 

100 

110 

conductor 3131, wiper 3102, armature and 
back contact of relay 3109, front contact 
and outer left-hand armature of relay 3114, 
back contact and armature of relay 3120, 
conductor 3121, conductor 2921, correspond 
ing contacts of trunk bar 2923 and line bar 
2922, conductor 2924, conductor 2724, outer. 
right-hand armature and front contact of 
relay 2703, winding of relay 2700, to battery 
and ground, and in parallel with relay 2700 
through the back contact and armature of 
relay 2711, back contact and armature of re lay 2715, winding of relay 2716, to battery. 
and ground. Relays 2700 and 2716 become 
energized in this circuit and establish a 
ringing condition on the called line, which 
will be more fully described hereinafter. It 
will be noted at this point, however, that 
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2931. 

4311 removes the 

14.6 

relay 2715 is at the present time short-cir 
cuited by the contact and armature. Of relay 
2711. The energization of relay 3107 establishes 
a release condition in the apparatus com 
non to the connection now being established, 
and this condition will now be described. 
During the energization of relay 3109, re 
lay 3100 was energized, so that upon the de 
energization of relay 3109, relay 3100 be 
comes deenergized. This results in the es 
tablishment of a circuit from ground on 
conductor 3131, wiper 3103, back contact 
and al'mature of relay 3100, winding of re 
lay 3118, to battery and ground. Relay 
311S becomes energized and removes the 
ground connection from conductor 3150 so 
that all of the relays depending upon this 
ground for their continued energization now 
become deenergized. Relay 3106 is wired 
in parallel with the winding of relay 3118, 
and hence upon the energization of relay 
3118, relay 3106 also becomes energized. 
This results in the establishment of a cir 
cuit from ground on conductor 3131, 
through the armature and back contact of 
magnet 3101, left-hand armature and front 
contact, of relay 3106, winding of magnet 
3101, to battery and ground. Thus magnet 
3101 is included in a self-interrupting cir 
cuit and now becomes energized to quickly 
move the wipers 2312 to 2315, inclusive, back 
to their normal positions. When this posi 
tion has been reached, the ground on con 
ductor. 3132 is removed, resulting in the de 
energization of relay 2918 and the conse 
quent removal of ground from conductor 

The energization of relay 3106 be 
sides, restoring the time measure switch, also 
removes ground from conductor 3133 so that 
line bar magnet 2901 becomes deenergized, 
thus entirely releasing the connection be 
tween the trunk line comprising conductors 
2773 and 2774 and the common apparatus 
associated there with. The emergization of relay 3805, hereinbe 
fore described, causes the deenergization of 
relay 3806, and this relay in a short interval 
establishes a circuit for the energization of 
relay 3801 through the inner left-hand ar 
nature and front contact of relay 3805. 
The energization of relay 3801 removes 
ground from the right-hand armature of re 
lay 3802, thus opening the holding circuit 
of the various relays in Fig. 38 and causing 
the release of magnet 4002. The deenergi 
Zation of relay 3806 also removes ground 
from conductor 3819, which extends and 
forms part of conductor 4319 so that the 
code relays, shown in Fig. 43, now become 
deenergized, and this is followed by the 
deenergization of relays 4311 and magnets 
4100 and 4102. The deenergization of relay 

ground from the master 
switch wire 3724, resulting in the deenergi 
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zation of relays 3923 and 3909, whereupon 
ground is removed from conductor 3929. 
The timing relays 3915 and 3916 of the 

primary master switch have been operating 
through this interval in the following man 
ner: Upon the first energization of relay 
3909, a circuit is established from ground, 
winding of relay 3912, conductor 3911, front 
contact and outer left-hand armature of re 
lay 3909, armature and back contact of 
magnet 3914, right-hand armature and back 
contact of relay3915, winding of relay 3916, 
to battery and ground. Relay 3916 attracts 
its armatures and establishes a circuit for 
the energization of relay 3915, which may 
be traced from ground, winding of relay 
3912, conductor 3911, front contact and 
outer left-hand armature of relay 3909, con 
ductor 3929, right-hand armature and back 
contact of relay 3910, left-hand armature 
and front contact of relay 3916, left-hand 
winding of relay 3915, to battery and 
ground. Relay 3915 becomes energized in 
this circuit and opens the original energiz 
ing circuit of relay 3916, and at the same 
time locking up to the ground provided for 
the energization of relay 3916, through its 
right-hand animature and front contact and 
its right-hand winding. Relay 3916, how 
ever, is slow to release, and does not retract 
its armatures for a certain period of time. 

90 

95 

During this time the operations described 
have taken place so that upon the deemergi 
zation of relay 3909, relay 3910 is main 
tained energized in a circuit from ground, 
winding of relay 3912, conductor 3911, front 
contact and right-hand armature of relay 
3916, winding of relay 3910, front contact 
and right-hand armature of relay 3921, con 
ductor 3920, front contact and inner left 
hand armature of magnet 3919, winding of 
magnet 3919, to battery and ground. When 
relay 3916 retracts its armatures, it opens 
this circuit and relays 3910 and magnet 
3919 become deenergized. The deenergiza 
tion of relay 3919 restores trunk bar 3723 
to normal position, leaving only the con 
tacts corresponding to line bar 3722 in an 
operated condition. 
Also upon the first energization of relay 

3910 a circuit is established from ground, 
winding of relay 3912, conductor 3911, front 
contact and outer left-hand armature of re 
lay 3909, right-hand armature and front 
contact of relay 3910, winding of magnet 
3914, to battery and ground. Magnet 3914 
becomes energized in this circuit and pre 
pares to move preference switch wiper 3917 
forward onto its next contact. Upon the de 
energization of relay 3916, just described, 
this circuit is opened and magnet 3914 be 
coming deemergized, moves the preference 
switch wiper 3917 forward. In this man 
ner the master switch shown in Fig. 39 func 
tions, and after causing the proper connec 
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tion to be made between the corresponding 

O 

contacts of line bar 3722 and trunk bar 3723, 
it becomes restored to normal. 
In a very similar manner the master 

switch for the secondary line switch here 
shown in Fig. 36, performs its functions 
and becomes restored to normal. Thus 
upon the first energization of relay 3609 
a circuit is established from ground, wind 
ing of Irelay 365, conductor 3611, outer 
left-hand armature and front contact of re 
lay 3609, conductor 3629, armature and back 
contact of magnet 3614, right-hand arma 
ture and back contact of relay 3615, winding 
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of relay 3616, to battery and ground. Re 
lay, 3616 is energized in this circuit and es. tablishes a circuit from ground, winding of 
relay 3612, conductor 3611, outer left-hand. 
armature and front contact of relay 3609, 
conductor 3629, left-hand armature and back 
contact of relay 3610, left-hand armature 
and front contact of relay 3616, left-hand 
winding of relay 3615, to battery and 
ground. Relay 3615 becomes energized in 
this circuit, and attracting its right-hand 
armature cuts of the original energizing cir 
cuit of relay 3616 and locks up to the ground 
supplied over the back contact of magnet 
3614. Through the right-hand armature 
and contact of relay 3616, a connection is 
maintained between conductors. 3629 and 
3611 so that upon the deenergization of re 
lay 3609, relay 3610 and magnet 3619 do not 
immediately become deenergized. Upon the 
deemergization of relay 3616, however, this 
circuit is opened and relay 3610 retracts 
its armatures, and magnet 3619 becomes de 
energized. The deenergization of magnet 
3619 restores trunk bar 3626 to normal po 
sition, leaving only the contacts correspond 
ing to line bar 3612 in an operated position. 
The preference switch wiper magnet 3614 

is operated in a manner similar to that here 
inbefore described. 
Upon the deenergization of magnet 3619 

ground is removed from conductor 3633, 
which results in the deenergization of mag 
net 2800 and relay 2801. Magnet 2800, be 
coming deemergized, restorestrunk bar 2810 
to normal position, leaving only the contacts 
corresponding to line bar 2814 actuated. 
Thus the connection between the calling sub 
scriber at the substation 500 and the called 
station on line 3705 is established, and a 
ringing condition now prevails. 

Ringing current is now connected from 
a source of linging current 2717, through 
the left-hand winding of relay 2711, the back contact and left-hand arnature of re 
lay 2722, back contact and outer right-hand 
armature of relay 2719, front contact and 
inner lower armature of relay 2716, front 
contact and outer right-hand armature of 
relay 2700, conductor 2751, corresponding 
contacts of trunk bar 2710 and line bar 2714, 

49 

conductor 2720, conductor 2820, correspond 
ing contacts of line bar 2814 and trunk bar 
2810, conductor 2851, conductor 3651, corre 
sponding contacts of tirunk bar. 2623 and line 
bar 3622, conductor 3626, conductor 3726, cor 
responding contacts of trunk bar 3723 andline 
bar 3722, conductor 3751, through the appa 
ratus at the called substation, back over 
conductor 3752, corresponding contacts of 
line bar 3722 and trunk bar 3723, conductor 
3727, conductor 3627, corresponding contacts 
of line bar 3622 and trunk bar 3626, con 
ductor 3652, conductor 2852, corresponding 
contacts of trunk bar 2810 and line bar 
2814, conductor 2805, conductor 2705, cor 
responding contacts of line bar 2714 and 
trunk bar 2710, conductor 2701, inner right 
hand armature and front contact of relay 
2700, inner upper armature and front con 
tact of Irelay 2716, inner right-hand arma 
ture and back contact of relay 2719 to 
ground. The ringing current flowing 
through this circuit is insufficient to cause 
the energization of relay 2711. When, how 
ever, the called subscriber answers, a path of 
low resistance will be provided and relay 
2711 will become energized. At this time the 
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short circuit is removed from about the 
winding of relay 2715 and this relay will be 
come energized. Relay 2715 now attracts its 
armature and establishes a circuit for itself 
from battery, front contact and armature of 
relay 2715, winding of relay 2715, left-hand 
armature and front contact of relay 2700, 
conductor 2731, to ground. In this circuit 
relay 2716 becomes short circuited and conse 
airmatures and cuts off the ringing current 

9. 5 
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quently deenergized, so that it retracts its 
from the called subscriber and at the same 
time connects the called subscriber to the 
windings 2742 and 2743 of the repeating coil. 
Thus a talking connection is established. 

Attention is here called to the circuit for 
supplying ringing tone to the calling sub 
scriber. During the ringing period a Small 
amount of ringing current will flow from the 
source of ringing current 2717 through the 
left-hand winding of relay 2711, back con 
tact and left-hand armature of relay 2722, 
the outer upper armature and front contact 
of relay 2716, condenser 2727, the upper 
winding 2742 of the repeating coil, to ground. 
teristic of this ringing current is propagated 
in the primary winding of the repeating 
coil and transmitted over the calling sub 
scriber’s line so that the calling subscriber 
will know that the bell of the called sub 
scriber is being rung. 
When the called subscriber answers and 

relay 2716 is deemergized relay 2744 is in 
cluded in series with the called subscriber's 
line, and this relay becomes energized and 
causes in turn the energization of relay 2706. 
The energization of relay 2706 results in the 
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Through induction a tone charac- - 
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so 
reversal of the current flowing through the 
windings of relay 715 so that this relay now 
attracts its armature. Relay 715 closes a 
circuit from ground, armature and front 
contact of relay 715, winding of relay 711, to 
battery and ground. Relay 711 now locks 
up in a circuit from ground, right-hand ar 
mature and front contact of relay 700, right 
hand armature and front contact and Wind 
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ing of relay 711 to battery and ground. 
The function of relay 711 is to prepare a cir 
cuit for the registering of a call on the call 
ing subscriber's meter 525. When the call 
ing subscriber hangs up his receiver at the 
end of the conversation, he thereby deemer 
gizes relay 708 whereupon a circuit is es 
tablished from ground, armature and back 
contact of relay 708, left-hand armature and 
front contact of relay 711, winding of slow 
to release relay 719, to battery and ground. 
Relay 719 through the agency of its inner 
left-hand armature maintains a ground on 
conductor 731 for a short interval to insure 
the operation of the meter 525. Through 
the agency of its outer left-hand armature 
relay 719 establishes a circuit from ground 
and battery, front contact and outer left 
hand armature of relay 719, conductor 733, 
conductor 633, corresponding contacts of 
trunk bar 623 and line bar 622, conductor 
634, conductor 534, corresponding contacts 
of trunk bar 523 and line bar 522, conductor 
533, winding of meter 525 to ground. Meter 
525 becomes energized and registers One call. 
It will be noted that the action of relays 711 
and 719 depends directly on the action of 
relay 708, for relay 700 is maintained ener 
gized by relay 708 and relay 700 in turn 
maintains relay 711 energized. It is there 
fore not until after relay 708 retracts its ar. 
mature that relay 711 becomes deemergized 
and it is during the interval between the de 
energization of relays 708 and 700 that relay 
719 operates. During the talking period the calling sub 
scriber has control of supervisory relay 708, 
and therethrough hias control over relay 700 
so that ground is maintained on conductor 
731 at the will of the calling subscriber. 
Ground on conductor 731 maintains the pri 
mary line switch in Fig. 5, the Secondary 
line switch in Fig. 6, the district selector in 
Fig. 7, and the district selector outgoing 
secondary line switch in Fig. 8. The office 
selector and the outgoing trunk secondary 
line switch, shown in Figs. 17 and 18, re 
spectively, are maintained energized through 
the ground connection to conductor 1731, 
supplied by the armature and front contact 
of relay 1700. Relay 1700 is under control 
of relay 1701, and this relay depends for its 
continued energization on the maintenance 
of a closed circuit between the windings of 
relays 715 and 2705. The switches at the 
terminating office, that is, the incoming 
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switch shown in Fig. 27, the in-trunkline 
switch shown in Fig. 28, the subscriber's 
secondary line switch shown in Fig. 36, and 
the subscriber's primary line switch shown 
in Fig. 37, are maintained through a ground 
connection to conductor. 2731. This ground 
connection is supplied through the armature 
and front contact of relay 2705. Relay 2705 
depends for its continued energization on 
the circuit including relay 715. This cir 
cuit can only be broken by the restoration 
of the district switch, shown in Fig. 7, or 
the out trunk secondary line switch, shown 
in Fig. 8, and since these are under the con 
trol of the calling subscriber, therefore, the 
switches depending on the ground on con 
ductor 2731 are also under the control of 
the calling subscriber. In this manner the 
whole train of switches is under the control 
of the calling subscriber. The called sub 
scriber has control only over relay 2744 and 
therethrough controls relay 715. Hence at 
the end of the conversation if the called 
subscriber hangs up his receiver first, the 
only result will be the deemergization of re 
lays 2744, 2726 and the movement of the 
armature but not the deenergization of relay 
715. However, when the calling subscriber 
hangs up his receiver the whole train of 
switches will be restored to normal, starting 
with the four switches shown in the origi 
nating office and following when any one of 
the last two of these switches have been re 
stored with the release of the switch as 
shown in Figs. 17, 18, 27, 28, 36 and 37. 
The release of a switch is caused by the de 
energization of the line bar nagnet, such 
for instance as line bar magnet 713. Such 
a magnet becoming deemergized restores the 
line bar 714 to normal, and as this line bar 
moves to its normal position, the contacts 
of the trunk bar 710, which have been en 
gaged, Snap back into their normal posi 
tions. 

Intra-office connection. 
A connection between the calling sub 

scriber, in one office and a called- subscriber 
in the same office will be very similar to the 
inter-office connection just described, with 
the exception that the switches in the me 
chanical switching center will be omitted. 
To illustrate an intra-office connection the 
drawings should be placed as shown in Fig. 
3. Here it will be noticed that the arrange 
ment is the same with the exception that 
Figs. 17 to 26, inclusive, and 35 have been 
Omitted. These Switches represent the appa 
ratus of the mechanical switching center, 
and hence are not used in this connection. 
The one particular point of difference in 
this connection will be noted in the manner 
in which the circuits of Figs. S and 27 
match. Here it is noted that the trunk be 
tween the outgoing trunk secondary line 
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switch associated with the district selector, 
and the incoming selector, shown in Fig. 27, 
is a three-conductor trunk instead of a two 
conductor trunk, as hereinbefore described. 
()therwise the connections are the same. 
The office code which will be transmitted 

by the calling subscriber will now operate 
the register and affect the marker in such a 
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manner that no one of the compensating re 
sistance relays 1305 to 1307, inclusive, is 
energized, nor is the stations last relay 1310 
energized. In the present instance the nu 
merical relay 1313 becomes energized be 
cause the stations code is not to be repeated 
into the sender associated with the line, 
marker. Thus, when the registers in Figs. 
15 and 16 have been set and the office code 
has been translated, and the proper trunk 
has been selected through the district selec 
tor in Fig. 7, the sender control switch of 
Fig. 13 will be automatically moved to its 
fourth active contact so that the first series 
of impulses sent to the relays 3312 to 3314, 
inclusive, will be those registered on the first 
stations register comprising in part wipers 
1509 and 1573. This automatic action is 
caused through the connection of ground on 
wiper 1333, through its first three active 
contacts, the left-hand armature and front 
contact of relay 1313, through the back con 
tact and armature of magnet 1332, winding 
of magnet 1332, to battery and ground. The 
code relays shown in Figs. 33, 34, and 42 are 
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energized in the same manner as hereinbe 
fore described, and the circuit movements 
which take place thereupon will be similar 
to those hereinbefore described. 

Further detailed description of these cir 
cuits will now be presented in the form of a 
series of notes dealing with isolated circuit 
movements and functions. 
Assuming that a call is being established 

to a party line, it is here expedient to de 
scribe the ringing code. This is presented 
in the following table: 

Itinging code. 

Code - Code Marker Relay Relay Party |r?l?ys. relay. 279 272. Tip. Ring. 

M-s---- 6 AD 3136 ........ -W| G -- 
W------ 9 CD 3137. W - G 

G ? -----???????????? || 3138 . ? ? 5 - - - - - - - ? 
R------- 7| BD | 3139 || W |-------- ? G 

In this table the first column represents 
party line designation. In accordance 

with the dial code hereinbefore given these 
party line designations correspond to trains 
of impulses, as listed in the second column 
of this table. Trains of such number of im 
pulses will, as described in another table of 
the specification, cause the energization of 
code relays, such as those listed in the third 
column of this table. Referring now to 

Figs. 31 and 33, it will be noted that the 
combination of relays given will cause the 
energization of certain marker relays, as 
listed in the fourth column of this table. 
Thus, for instance, if the party M has been f) 

called, at the proper time, relay 3112 will 
become energized. At this time a circuit 
will be established from ground, inner left 
hand armature and front contact of relay. 
3112, conductor 3140, conductor 3340, the 
left-hand armature and front contact of re 
lay 3323, the left-hand armature and back 

5 

contact of relay 3322, the left-handl arma 
ture and back contact of relay 3321, the left. . . 
hand armature and front contact of relay 80 
3320, conductor 3341, conductor 3141, wind 
ing of relay 3136, to battery and ground. 
Thus, relay 3136 responds to the dialing of 
the code representing party M. The ener 
gization of the marker relays results in the 
energization under various conditions of two 
lector circuit. Thus, the energization of re 
relays, 2719, and 2722 in the incoming Se 

lay 3136 results in the establishment of a 
circuit from ground, outer left-hand arma 9) 
ture and back contact of relay 3108, conduc 
tor 3142, left-hand armature and front con 
tact of relay 3136, conductor 3163, front con-. 
tact and outer left-hand armature of relay 
3112, conductor 3174, conductor 2974, corre-9: 
sponding contacts of trunk bar 2923 and line 
bar 2922, conductor 2975, conductor 2775, 
front contact and outer upper armature of relay 2702, winding of relay 2722, to battery. 
and ground. Relay 2722 becomes energized 
and locks up through its front contact and 
right-hand armature to the ground on con 
ductor 2731. Thus the energization of re 
lay 3136 results in the energization of relay 
222 in the manner checked in the fifth and it: 
sixth columns of this table. The energiza 
tion of relays 2719 and 2722 in the various 
combinations applies ringing current in 
different manners to the called line. Thus, 
when relay 2722 is energized, minus ringing 
current supplied from the source 2723 is 
connected through the right-hand winding . . 
of relay 2711, front contact and left-hand 
armature of relay 2722, the back contact and 
outer right-hand armature of relay 2719, the 
front contact and inner lower armature of 
relay 2716, to the “ring' conductor of the 
called line, and ground is connected to the 

3! ? 

“tip” conductor of this line through the in-, 
ner upper armature and front contact of re 
lay 2716, the inner right-hand armature and 
back contact of relay 2719 to ground. These 

l:St) : 

combinations of ringing current connections . . 
are set forth in the seventh and eighth col 
umns of this table. The ringing current. 
supplied from the two sources 2717 and 2723 
is of that character necessary to operate 
such a selective signal circuit as is described 
in the patent to Thompson & Robes No. 
644,647, issued March 6, 1900. It is also be 
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lieved to be obvious how the present circuits 
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could be modified to employ other standard 
types of selective ringing circuits such for 
instance, as that known as harmonic ring 
ing where a plurality of sources of ringing 
currents of different frequencies are em 
ployed. 

Busy conditions. 
It has hereinbefore been explained how 

the busy relay 3812 is energized when all of 
the trunks in a group leading to a private 
branch exchange installation are busy. In 
the case of an individual line during the in 
terval after relay 3809 has become energized 
and before relay 3811 becomes deemergized, 
a circuit is established from battery, wind 
ing of relay 3S12, the normal contacts of the 
inner left-hand armature of relay 3812, con 
ductor 3839, front contact and right-hand . 
armature of relay 3811, front contact and 
right-hand armature of reiay 3809, line bar 
conductor 3814, conductor 4014, conductor 
4114, conductor 4314, through the right 
hand armature and front contact of one of 
the marker relays such as 4316, ccnductor 
4317, conductor 4117, corresponding contacts 
controlled by magnet 4106, conductor 4156, 
conductor 3956, conductor 3756, and thence 
through the corresponding contacts of the 
primary line switch to the third conductor 
of the line which will be grounded in the man 
ner hereinbefore described, if such line is 
busy. The ground on the third conductor 
in the case of an individual line is con 
nected to the line bar magnet 3720 through 
cross-connecting conductor 3721. This will 
result in the energization of relay 3812. 
In the case of a party line such as 3706, 

the same condition will be established with 
the exception that the line bar conductor, in 
stead of leading directly to the test con 
ductor of the line will be connected through 
cross-connecting conductor 3753, cross-con 
necting conductor 3953, winding of relay 
3946, cross-connecting conductor 3954, cross 
connecting conductor 3754 and thence 
through the corresponding contacts of the 
primary line switch to the test conductor 
which will be grounded if line 3706 is busy. 
Thus, in case the called line is busy relay 
3812 will become energized. 
The energization of relay 3812 will result 

in the establishment of a circuit from 
ground, the outer left-hand armature and 
front contact of relay 3812, conductor 3817, 
conductor 4017, corresponding contacts con 
trolled by magnet-4002, conductor 4043, con 
ductor 3243, conductor 3143, winding of re 
lay 310S to battery and ground. Relay 31.08 
becomes energized in this circuit and opens 
the circuit of relay 31,09 which becomes de 
energized and causes the release of the com 
mon apparatus associated with the district 

At the same time a circuit will be 
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completed from ground, outer left-hand 
armature and front contact of relay 310S, 
conductor 3144, conductor 2944, correspond 
ing contacts of trunk bar 2923 and line bar 
2922, conductor 2928, winding of busy tone 
relay 2729 to battery and ground. Busy 
tone relay 2729 is energized in this circuit 
and locks up through its right-hand arma 
ture and front contact to the ground on con 
ductor 2731. At the same time, this relay 
establishes a circuit from a source of busy 
tone 2730, front contact and left-hand arma 
ture of, relay 2729, back contact and outer 
lower almature of relay 2716, condenser 2727, 
winding 2742 of the repeating coil to ground. 
A busy tone is thus induced in the wind 
ings 2707 and 2709 of the repeating coil and 
thereupon transmitted back over the calling 
line to apprise the calling subscriber that the 
called line is busy. 

It should be also noted at this point that 
when a connection is extended toward the 
winding of magnet 2713 that if the asso 
ciated trunk is busy relay 2712 will be en 
ergized and that if the next trunk in the 
same group is also busy, relay 2732 will be 
energized and the ground connection for the 
energization of the line bar magnet will be 
extended over conductor 2734, conductor 
2834, conductor 3034, corresponding con 
tacts controlled by magnet 3013, conductor 
3027, corresponding contacts controlled by 
magnet 3001, conductor 3043, conductor 
3243, conductor 3143, winding of relay 31.08 
to battery and ground. Thus, if all the 
trunks of the wanted group are busy, the 
busy tone relay 2729 will be operated in the 
Same manner as when the particular called 
line is busy. A release condition will be 
established through the energization of re 
lay 31.08. 
This leads naturally to the discussion of 

the condition established when all of the 
trunks of a group leading from the district 
selector in Fig. 7 are busy. 
Upon the extension of ground to conduc 

tor 726, if all of the trunks in the group 
Served by this conductor are busy, this 
ground will be extended through the right 
hand armature and front contact of relay 
712, right-hand armature and front contact 
of relay 716 and in a similar manner 
through the right-hand armatures and 
front contacts of other relays belonging to 
the same group, to conductor 725, thence 
over conductor 825, conductor 1025, the cor 
responding contacts controlled by magnet 
1001, conductor 1041, conductor 1241, con 
ductor 1441, winding of relay 1422 to bat 
tery and ground. Relay 1422 connects 
ground to the winding of relay 1409 so as 
to cause the release of the marker immedi 
ately without waiting for the timing relays 
1416 and 1417 to perform their regular 
functions. Before the marker can release, 
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however, a connection is established from 
ground, the outer right-hand almature and 
front contact of relay 1422, conductor 1423, corresponding contacts controlled by magnet 
1408, conductor 1442, conductor 1342, con 
'ductor 1142, winding of relay 1122 to bat 
* tery and ground. Relay 1122 becomes ener 
gized in this circuit and through its inner 
right-hand armature and front contact locks 
to the ground on conductor 1112. Relay 
1122 transfers the left-hand winding of in 
duction coil 1109 from a source of dial tone 
1123 to a source of busy tone 1143 and this 
busy tone is substituted for dial tone and the 
called subscriber is thereby apprised of the 
fact that a connection cannot be made on ac 
count of the busy condition of the trunks 
over which he is now trying to establish a 
connection. The movement of the arma 
tures of relay 1122 also disconnects ground 
from conductor 1149 so that the sender con 
trol switch shown in Fig. 13 cannot be 
started and hence no impulses will be sent 

; out over the impulse circuit hereinbefore 
described. The called subscriber being ap 
prised of the fact that the connection can 
its hook and causes the deemergization of re 
lay 1110 and later relay 1111 whereupon re 
lease takes place in the manner hereinbefore 
described. 
The same condition will be met in the 

mechanical switching center. Relay 2422 
now becomes energized and causes the im 
mediate release of the marker shown in Fig. 
24. In the meantime however, a circuit is 
extended from the outer right-hand arma 
ture and front contact of relay 2422, to the 
winding of relay, 2111, so that relay 2111 
becomes energized. This latter relay cuts 
off the impulse circuit from the call indica 
tor relays 2112 to 2114, inclusive, and trans 
fers said impulse circuit to the windings of 
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relay 2137. This operation takes place 
shortly after the office code has been regis 
tered in the code relays, shown in Fig. 35, 
and hence relay 2137 will absorb the balance 
of the impulses being transmitted to ener 
gize the code relays shown in Figs. 25 and 26. 
It should be noted that relay 2137 is con 
nected to the impulse circuit in such a way 
that it will become energized on the negative 
impulses, and will not become energized on 
the positive impulses. Thus relay 2137 will 
regularly vibrate its armatures until release 
takes place in the sender at the originating. 
office, and connection is made from the wind 
ings of relay 715 to talking conductors lead 
ing over the trunk into the mechanical switching center. The operation of relay, 
2137 causes the energization of slow releas 
ing relay 2140 which becomes energized and 
holds up its armature throughout the fol 
lowing succession of impulses. When relay 
715 is switched into circuit it operates as a 

68 
means to hold relay 2137 permanently ener 
gized. Thereupon a busy tone circuit be 
comes effective. Such circuit leads from 
ground, secondary winding of transformer 
2135, supplying a busy tone, through coln 
denser 2136, the middle winding of relay 
2137, the inner right-hand armature and 
front contact of relay 2111, to ground. 
Through induction in the two outer wind 
ings of relay 2137 a busy tone is transmitted 
to the calling subscriber's substation. 
Upon the energization of relay 2140 a cir 

cuit is established from ground, armature 
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and front eontact of relay 2140, winding of 
relay 2138, to battery and ground. Relay 
2138 locks up to ground on conductor 2150 
through its inner left-hand armature and 
front contact, and thereupon prepares a 
circuit for the release of the apparatus com 
mon to the trunkline. 
The calling subscriber, recognizing the 

busy tone, hangs up his receiver and by de 
energizing relay 708 causes the release of 
the switches so far employed in this connec 
tion. The release of the switches shown in 

'an- Figs, 7 and 8, opens the circuit including the not be established, replaces his receiver on windings of relays 2137 and 715, whereupon 
relay 2137 becomes permanently deemergized. 
After a short interval relay 2140 retracts its 
armature and establishes a circuit from 
ground, armature and back contact of relay 
2140, front contact and right-hand armature 
of relay 2138, winding of relay 2100, to bat 
tery and ground. Relay 2100 becomes en 
ergized and causes the release of the connec 
tion in the manner hereinbefore described. 

Blank lines and restricted service. 
In case that a line is not equipped with a 

substation or in case that the service On a 
line is to be restricted for some reason or 
other, a cross-connection Such as 3718 i? made. Therefore, upon the groundig of 
the master switch conductor, this ground 
will be extended over the cross-connecting 
conductor 3718, conductor 3738, conductor 
3938, conductor 4138, conductor 4038, col’’- 
responding contacts controlled by magnet 
4002, conductor 4047, conductor 3247, con ductor 3147 and thence in parallel through 
the winding of relays 3123 and 3120 to bat 
tery and ground. Both of these relays be 
come energized and lock up through a con 
nection from ground on conductor; 3150 
through the inner right-hand armature and 
front contact of relay 3123. The energiza 
tion of relay 3123 transfers the connection 
of conductor 3122 from conductor 3124 to 
conductor 3155 and thence over conductor 
3255, conductor 3055, corresponding con 
tacts controlled by magnet 3001, conductor 
8018, corresponding contacts controlled by 
magnet 3013, conductor 3046, conductor 
2846, conductor 2746, and thence to a line 
bar magnet controlling a line bar associated 
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with a trunk leading to a special operator's 
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position. Thus the connection is switched 
from the direction in which it was intended 
to be established to a special operator who 
will inform the calling subscriber either that 
he has called a line which is not equipped 
with a substation or that he has called a line 
to which service may not be supplied for 
some reason or another. ? 
As another instance of restricted Service 

let us assume that the party line 3706 has 
connected to it only two of the four possi 
ble substations. Thus, line 3706 shows two 
substations marked R and W and the par 
ties M and J are not connected. If now a 
calling subscriber should attempt to estab 
lish a connection to party M, a connection 
would be established from ground, inner 
left-hand armature and front contact of re 
lay 3808, conductor. 3840, conductor 3940, conductor 3740, through cross-connecting 
conductor 3755, cross-connecting conductor 
3955, outer left-hand armature and front 
contact of Irelay 3946, conductor 3948, con 
ductor 4148, corresponding contacts con 
trolled by magnet.4002, conductor 4049, con 
ductor 3249, conductor 3149, front contact 
and right-hand armature of relay 3136, con 
ductor 3147, and thence in parallel through 
the windings of relays 3123 and 3120 which 
results in switching the call to a special op 
erator's position in the same manner as here 
inbefore described. Relay 3946 is energized 
when the line bar conductor is grounded 
and the line is found idle in the same man 
ner as relay 3901 is energized. Since the in 
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ner left-hand armature of relay 3946 corre 
sponds to the party W, and the outer right 
hand armature of relay 3946 corresponds to 
the party R and since both of these parties 
are, connected to the line, connection is not 
made between these armatures and the con 
ductor 3955 so that a call to either party, R 
or W, will be established in the proper man 
e. 
What is claimed is: 
1. In a telephone system, telephone lines, 

a sender common to said lines, a series of 
selective stages each comprising a plurality 
of switches having sets of permanently paired 
primary and secondary contacts and a 
marker for controlling said switches, and 
means under control of said sendler for con 
trolling said markers in accordance with the 
record established in said sender. 

2. In a telephone system, telephone lines, 
a sender common to said lines, a series of selective stages each comprising a plurality 
of cross bar switches and a marker for 
controlling said switches, and means under 
control of said sender for controlling said 
markers in accordance with the record es 
tablished in said sender. 

3. In a telephone system, telephone lines, 
a sender common to said lines, means for 
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associating said lines with said sender and 
establishing therein a record designating the 
path desired to be established, a series of se 
lective stages through which the path may 
be established, each selective stage compris 
ing switches having sets of permanently 
paired primary and secondary contacts, and 
a marker for controlling said switches, and 
means under control of said sender for oper 
ating said markers. 4. In a telephone system, telephone lines, 
a Sender common to said lines, means for 
associating said lines with said sender and 
establishing therein a record designating the 
path desired to be established, a series of 
selective stages through which the path may 
be established, each selective stage compris 
ing cross bar switches and a marker for con 
trolling said switches, and means under con 
trol of said sender for operating said 
markers. 

5. In a telephone system, telephone lines, 
a sender common to said lines, said Sender 
comprising means for recording impulses 
translating the record thus established and 
sending impulses of a different character, 
means for associating said lines with said 
sender, a series of selective stages through 
which the connection may be extended, each 
Selective stage comprising switches and a 
marker for controlling said switches, and 
means, responsive to the impulses sent by 
said sender for operating said markers. 

6. In a telephone system, telephone lines, 
a sender common to said lines, said sender comprising means for recording impulses, 
translating the record thus established and 
sending impulses of a different character, 
means for associating said lines with said 
Sendel', a series of selective stages through 
which the connection may be extended, each 
selective stage comprising switches having 
sets of permanently paired primary and 
secondary contacts and a marker for con 
trolling said Switches, and means responsive 
to the impulses sent by said sender for oper 
ating said markers. 7. In a telephone system, telephone lines, 
Senders common to said lines, each said 
sender complising means for recording in 
pulses, translating the record thus estab 
lished, and transmitting impulses character 
istic of the said translated record, a selective 
stage for extending said telephone lines com 
prising a switch and a marker for control 
ling said Switch, said marker being con 
trolled by said sender, and a second selec 
tive stage for further extending said lines 
comprising a plurality of switches and a 
marker for controlling said switches, said 
marker being controlled by said sender. 

8. In a telephone system, telephone lines, 
senders common to said lines, each said 
sender comprising means for recording im 
pulses, translating the record thus estab 

80 

85 

90 

() ) 

105 

O 

5 



V 

lished and transmitting impulses character 
istic of the said translated record, a selective stage for extending said telephone lines 
comprising a switch having sets of perma 

5 nently paired primary and secondary con 
tacts and a marker for controlling said 
Switch, said marker being controlled by said 
Sender, a second selective stage for further 
extending said lines comprising a plurality 

10 of Switches each having sets of permanently 
paired primary and secondary contacts and 
a marker for controlling said switch, said 
marker being controlled by said sender. 

9. In a telephone system, telephone lines, 
15 Sender's common to said lines, each said 

Sendel' comprising means for recording in 
pulses, translating the record thus estab 
lished and transmitting impulses character 
istic of said translated record, a selective 20 stage for extending said telephone lines 
comprising a cross bar switch and a marker 
for ontroling said switch, said marker be 
ing controlled by said sender, a second se 
lective stage for further extending said lines 

25 comprising a plurality of cross bar switches 
and a marker for controlling said switches, 
said marker being controlled by said sender. 10. In a telephone system, telephone lines, 
Senders common to said lines, each said 

30 Sender comprising means for recording im 
pulses, translating the record thus estab 
lished and transmitting impulses character 
istic of said translated record, a selective 
stage for extending said telephone lines com 

35 prising a switch and a marker for control 
ling said Switch, said marker being con 
trolled by means responsive to the translated 
record in said sender, a second selective 
stage for further extending said lines com 

40 prising a plurality of switches and a marker 
for controlling said switches, said marker 
being controlled by impulses transmitted 
from said sender. - 

11. In a telephone system, telephone lines, 
45 Senders common to said lines each said 

sender comprising means for recording im 
pulses, translating the record thus estab 
lished and transmitting impulses character 
istic of the said translated record, a selec 50 tive stage for extending said telephone lines, 
comprising a switch and a marker for con 

- tl'olling said switch, said marker being con 
trolled by means responsive to the trans 
lated record established in said sender, a 

55 plurality of other selective stages for fur 
ther extending said lines, each of said other 
Selective stages comprising a plurality of 
switches and a narker for controlling said 
switches, said marker being controlled by 

60 impulses transmitted from said sender. 
12. In a telephone system, telephone lines, 

Senders common to said lines, switches for 
extending said lines to said common senders, 
each said sender comprising means for re 
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established and transmitting impulses char 
acteristic of the said translated record, a selective stage for extending, said telephone 
lines comprising a switch and a marker for 
controlling said switch, said marker being 
controlled by means la responsive to a por 
tion of Said translated record, senders com. 
mon to said lines extended from said first 
Selective stage, Switches for extending said 
extended lines to said last mentioned send 
el's, each of Said senders comprising means 
for recording impulses transmitted from 
Said first senders, translating the record thus. 
established and transmitting impulses char 
acteristic of said translated record, a second 
selective stage for further extending said 
lines comprising a plurality of switches and 
a marker for controlling said switches, said 
marker being controlled by means respon 
sive to a portion of said translated record in 
Said last mentioned senders, registers com 
mon to said further extended lines, switches 
for extending said further extended lines 
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to Said registers, each said register compris 
ing means responsive to the impulses trans 
mitted from said last mentioned senders and 
translating the record thus established, a 
final selective stage for extending said fur 
ther extended lines comprising a switch and 
a marker for controlling said switch, said 
marker being controlled by means respon 
sive to the translated record established in 
said registers. - . 

13. In a telephone system, means for ex 
tending a connection over a series of selec 
tive stages, a sender common to each of said 
selective stages, a marker at each of said 
selective stages, each of said selective stages 
comprising a switch controlled by said 
senders through the agency of said markers, 
means responsive to a portion of the record 
thus established for setting the switches of 
the first selective stage, means for thereupon 
transferring the record from the sender at 
the first selective stage to a sender at the 
next selective stage, means responsive to a 
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portion of the record established in the 
sender associated with the second selective 
stage for setting the switch at the second 
Selective stage, and means for thereupon 
transferring the 1ecord established in the 
sender at the second selective stage to the 
Sender at the final selective stage, means re 
sponsive to the record established therein 
for setting the switch at the final selective stage. 

14. In a telephone system, a sender and 
a marker associated with said sender, said sender comprising means for recording im 

1pulses and for transmitting impulses, means 
responsive to a portion of the record estab 
lished in said sender for controlling the said 
marker, and means in said marker for con 
trolling the transmission of impulses from 65 cording impulses, translating the record thus said sender. 
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15. In a telephone system, a Sender and 
a marker associated with said sender, said 
sender comprising means for recording im 
pulses of one character and for transmitting 
impulses of another character, means respon 
sive to a portion of the record established 
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in said sender for controlling said marker, 
and means in said marker for controlling 
the transmission of impulses in said sender. 

16. In a telephone system, a sender and 
a marker associated with said sender, a 
switch, said sender comprising means for 
recording impulses and for transmitting im 
pulses, means responsive to a portion of the 
record established in said Sender for con 
trolling said marker and therethrough for 
controlling said switch, and means in said 
marker for controlling the transmission of 
impulses from Said sender. 

17. In a telephone system, a sender and 
a marker associated with said sender, a switch having permanently paired primary 
and secondary contacts, said sender com 
prising means for recording impulses and 
for transmitting impulses, means responsive 
to a portion of the record established in 
said sender for controlling said marker and 
therethrough for controlling said switch, 
and means in said marker for controlling the 
transmission of impulses from Said sender. 

18. In a telephone system, a sender and 
a marker associated with said sender, a cross 
bar switch, said sender comprising means 
for recording impulses and for transmitting 
impulses, means responsive to a portion of 
the record established in said sender for 
controlling said marker and therethrough 
for controlling said switch, and means in 
said marker for controlling the transmis 
sion of impulses from said sender. 

19. In a telephone system, a sender and 
a marker associated with said sender, a 
switch, said sender comprising registers for 
recording a series of trains of impulses, and 
means for translating said impulses and 
transmitting impulses characteristic of said 
translated record, means responsive to the 
record established on a portion of said regis 
ters for controlling said marker and there 
through for controlling said switch, a trans 
lator in said marker, said translator being 
controlled by and in accordance with the rec 
ord established on the said portion of said 
registers, and means responsive to said trans 
lator for controlling the transmission of im 
pulses from said sender. 20. In a telephone system, telephone 
lines, a sender common to said lines and 
means for associating said lines with said 
sender, a marker associated with said sender, 
a switch, said sender comprising means for 
recording impulses created in said lines, and 
means for transmitting impulses, means re 
sponsive to a portion of the record estab 
lished in said sender for controlling said 
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marker and therethrough for controlling 
said switch, and means in Said marker for 
controlling the transmission of impulses 
from said sender. 

21. In a telephone system, telephone lines, 
means in each of said telephone lines for 
transmitting a series of trains of impulses, 
a sender selector associated with said lines, 
a sender accessible to said lines through 
said sender selector, and a marker asso 
ciated with said sender, a switch, said sender 
comprising a plurality of registers each re 
sponsive to a train of impulses and means 
for transmitting impulses, certain of Said 
registers being arranged to establish differ 
ent class of service indications in response 
to their settings, means responsive to said 
class of service registers for controlling said 
switch, and means in said marker for trans 
lating the record established in the class 
of service registers and transmitting back 
to the sender an indication for controlling 
the transmission of impulses from said 
Sender. 

22. In a telephone system, a sender and 
a marker associated with said sender, a 
switch, means in said sender for controlling 
said marker and therethrough for Setting 
said switch, and means in said marker for 
transmitting to said sender a class of service 
indication responsive to the control exer 
cised over said marker by said sender. 

23. In a telephone system, a sender and a 
marker associated with said sender, said 
sender being provided with means for re 
ceiving impulses, and means to control said 
marker in accordance with a portion only of 
said impulses, said marker being provided 
with means for controlling switching ap 
paratus, and means in Said marker respon 
sive to the said portion of said impulses for 
controlling the means in said sender for re 
ceiving the remaining portion of Said im 
pulses. 

24. In a telephone system, a calling line, 
a sender accessible to said line, a switch for 
extending said line, a plurality of groups of 
trunks served by said switch, means under 
control of said. sender for setting said 
switch, and means in said sender responsive 
to the busy condition of all the trunks in a 
group for transmitting a busy tone to the 
calling line. 

25. In a telephone systein, a calling line, 
a sender accessible to said line, a crossbar 
switch for extending said line, a plurality of 
groups of trunks served by said switch, 
means under control of said sender for set 
ting said Switch, and means in said sender 
responsive to the busy condition of all the 
trunks in a group for transmitting a busy 
tone to the calling line. 26. In a telephone system, a calling line, 
a sender accessible to said line, a switch 
having permanently paired primary and 
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secondary contacts for extending said line, 
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a plurality of groups of trunks served by 
said switch, means under control of said 
sender for setting said switch, and means in 
said sender responsive to the busy condition 
of all the trunks in a group for transmitting 
a busy tone to the calling line. 

27. In a telephone system, a calling line, 
a sender accessible to said line, a marker as 
Sociated with and under control of said send 
er, a switch controllable by said marker 
for extending said line, a plurality of 
groups of trunks served by said switch, 
means in said sender responsive to the busy 
condition of all the trunks in a group for transmitting a busy tone to the calling line. 

28. In a telephone system, a calling line, 
a plurality of switches for extending said 
line, a plurality of groups of trunks served 
by each of said switches, a marker asso 
ciated with each of said switches, a sender 
associated with the calling line, means in 
said sender for controlling said markers and 
therethrough for setting said switches, and 
means also in said sender responsive to the 
busy condition of all the trunks in a group 
for transmitting a busy tone to the calling 
line. - 

29. In a telephone exchange, numbered 
subscribers” lines, un numbered subscribers” 
lines, means for promiscuously grouping said 
lines, and means for extending a connection 
to any line of a group by calling a numbered 
dine in the said group. 

30. In a telephone exchange, numberer 
subscribers' lines, unnumbered subscribers 
lines, means for promiscuously grouping 
said lines, and means for extending a con 
nection to any line of a group by calling the 
first line in the said group. 

31. In a telephone exchange, numbered 
subscribers lines, unnumbered subscribers 
lines, means for associating a plurality of 
lines in a group, and means for extending a 
connection to any line of said group by call 
ing one of the numbered lines of said group. 

32. In a telephone exchange, numbered 
subscribers' lines, unnumbered subscribers 
lines, means for associating a plurality of 
said lines in a group including at least one 
of said numbered lines, and means for ex 
tending connections to the lines of said 
group by calling the numbered line or lines 
of said group. 

33. In a telephone exchange, numbered 
- subscribers” lines, un numbered subscribers” 
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lines, means for associating a plurality of 
promiscuously scattered said lines in a 
group, and means for extending connections 
to the lines of Said group by calling any one 
of the said numbered lines included in said 
grotip. 

34. In a 
lines, un numbered lines, said lines being 
promiscuously dispersed and connected to 

telephone exchange, numbered 

equivalent terminal sets, switching devices 
having a plurality of line terminals con 
nected to equivalent terminal sets, means for 
said means comprising cross connecting con 
ductors for connecting said lines to said 

?? 

associating a plurality of lines in a group, 
70 

Switching device through said terminal sets, 
and means for actuating said devices to ex 
tend connections to said lines of said group 
by calling any one of the numbered lines of 
said group. 

85. In a telephone exchange, numbered 
75 

lines, unnumbered lines, a sender, a marker 
controlled by said sender, individual con 
ductors leading from said marker to said 
numbered lines, means for grouping said 

80 

lines and extending the marker wire of a . 
numbered line to the other lines of the 
group, and means for extending connections. 
to the lines to said group by setting said 
Sender to control said marker to electrically 
affect the marker wire of a numbered line of 
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Said group . . 86 in a telephone system, selective 
switches, a variably operable recording 90 
mechanism for receiving the record of a 
designation, a plurality of selection control 
ling devices, means for connecting the re 
cording mechanism to one of said devices 
and for transferring to such device a por 
tion of the record on said mechanism, such device selectively operating one of said 
Switches to extend the connection and means 
for connecting the recording mechanism to 
another of said devices and for then trans 00 

ferring to Such other device another por- ' 
tion of said record for selectively operating. 
another of said switches to further extend 
the connection. 

87. In a telephone system, selective 
Switches, a variably operable recording 
mechanism for receiving the record of a des. 
ignation, a plurality of selection controlling 
devices, means for connecting the recording 
then transferring to such device a part of 
the record on such mechanism, such device 
seectively operating one of said switches to 
extend a connection, means for causing the 
disconnection of said recording mechanism 
from said last controlling device, means for 

mechanism to one of said devices and for ill0 

15 

connecting the recording mechanism to an- - 
other of said devices and for then transfer 
ring to such other device another portion 
of Said record, said last device selectively 
operating another of said switches to fur 

20 

ther extend a connection, and means for 
causing the disconnection of the recording 
mechanism from said last mentioned device. 

38. In a telephone system, selective 
Switches, a variably operable recording 
mechanism comprising a number of regis 
ters responsive to a calling party for re 
cording the wanted designation, a plurality 
of selection controling devices, means for 
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connecting the recording mechanism to one 
of said devices and for transferring to such 
device a portion of the record established on 
the registers, said device selectively operat 
ing One of said Switches to extend a connec 
tion, and means for connecting the record 
ing mechanism to another of said devices 
and for transferring to such other device 
another portion of the record established on 
Said registers, said last device Selectively 
operating another of said switches to fur 
ther extend the connection. 
39. In a telephone system, selective switches, 

a recording mechanism having a number of 
relay registers for receiving the record of a 
designation, a plurality of selection control 
ling devices each having a number of relay 
registers, means for connecting a record 
ing mechanism to one of said devices and for 
transferring to the relay registers thereof 
a portion of a record on the relay registers 
of said mechanism, said device selectively 
operating one of said Switches to extend a 
connection and means for connecting the 
recording mechanism to another of said de 
vices and for transferring to the relay regis 
ters thereof another portion of the record 
estabished on the relay register's of said 
mechanism, said last device selectively op 
erating another of said switches. 

40. In a telephone system, selective 
switches, a variably operable recording 
mechanism for receiving the record of a 
designation, a plurality of Selection control 
ling devices, each having a number of regis 
ters, means for connecting the recording 
mechanism to one of said devices and for 
transferring to the registers thereof a por 
tion of the record on said mechanism, said 
device arranged to effect a group selecting 
operation of one of said switches according 
to the setting of its registers to extend a 
connection, and means for connecting the 
recording mechanism to another of said de 
vices and for transferring to such other de 
vice another portion of said record, said last 
device selectively operating another of said 
switches to further extend the connection. 

41. In a telephone system, selective 
switches, a plurality of recording senders 
for receiving the record of the wanted line, 
a plurality of selection controlling devices, 
means for connecting any one of Said send 
ers to one of said devices and for transfer 
ring to such device a portion of the record 
on such sender, said device selectively oper 
ating one of Said Switches to extend a con 
nection, and means for connecting said 
sender to another of said devices and for 
transferring to such other device another 
portion of said record, said last device se 
lectively operating another of said switches 
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to further extend the connection. 
42. In a telephone system having a num 

ber of selective stages and a plurality of 
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Switches at each stage, groups of circuits 
accessible to the Switches at each stage, se 
lection controlling devices, one for each 
stage and common to the switches thereat, 
a recording Sender for receiving the record 
of a designation, means for connecting the 
sender to the controlling device at a given 
stage and for transferring a part of the 
record from the sender to such device, 
means controlled by said device for operat 
ing one of the corresponding switches to se 
lect a group of circuits, means for connect 
ing the sender to the controlling device at a 
Succeeding stage and for transferring an 
other portion of the record to said last de 
Vice and means controlled by the last de 
vice for operating a switch at the corre 
Sponding stage to select a group of circuits. 

48. In a telephone system having a num 
ber of selective stages and a plurality of 
Switches at each stage, groups of circuits 
accessible to the Switches at each stage, se lection controlling devices, one for each 
stage and common to the switches thereat. 
a recording sender for receiving the record 
of a wanted designation, means for connect 
ing the Sender to the controlling device at 
a given stage and for transferring a part of 
the record frol) the sender to such device, means for connecting the controlling de 
vice to one of the corresponding switches, 
means controlled by said device for operat. 
ing the Switch to which it is connected to 
Select a group of circuits, means for con 
necting the sender to the controlling device 
at a succeding stage and for transferring 
another portion of the record to said last 
device, and means controlled by the last 
device for operating a switch at the corre 
Sponding stage to select a group of circuits. 

44. In a telephone system having a num 
ber of selective stages and a plurality of 
Switches at each stage, groups of circuits 
accessible to the switches at each stage, con 
trolling devices, one for each stage and com 

80 

85 

90 

() () 

05 

0. 

mon to the use of all switches thereat, a plurality of recording senders for receiving 
the registration of a wanted line, means for 
connecting any one of the senders to the 
controlling devices at a given stage and for 
reproducing in said controlling device a 
part of the registration in said sender, 
means controlled by said device for operat 
ing one of the corresponding switches to 
select a group of circuits, means for con 
necting the sender to the controlling device 
at a succeeding stage and for reproducing 
in said later device another portion of the 
record of said sender, and means controlled 
by said last mentioned device for operating 
the switch at the succeeding stage to select 
a group of circuits. 45. In a telephone system arranged to 
establish connections of different classes, 
Selective switches, selection controlling de 
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vices, a recording sender, means for con 
necting the sender to a controlling device 
and for transferring to said device a record 
on said sender, said device acting according 
to the record received to selectively operate 
a switch to extend a connection and to re 
produce in the sender a record of the class 
of connection, means for connecting the 
sender with another controlling device and 
for transferring a record thereto, and means, 
controlled by said second device to operate 
another switch to further extend the con nection. 
46. In a telephone system having a num- : 

ber of selective stages with switches at each 
stage, selection controlling devices, one for 
each stage and common to the switches 
thereat, a recording sender for receiving a designation record, means for connecting 
the sender to the controlling device at a 
given stage and for reproducing on such de-, 
vice a part of the record of said sender, 
means controlled by said device for operat 
ing one of the switches at the correspond 
ing stage to extend a connection, said de 
vice acting in accordance with the record 
received to determine the class of the con 
nection, means controlled by said device for 
reproducing in the sender a record of the 
class of connection, means for governing 
the operation of the sender according to the 
class of the record received from said de 
vice, means for connecting the sender to the 
controlling device at a subsequent stage, 
and means controlled by said last device for 
operating a switch at the corresponding 
stage to further extend the connection. 

47. In a telephone system, telephone lines, 
a sender common to said lines, said sender 
translating the record thus establishei and 
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sending impulses of a different character, 
means for associating said lines with said 
Sender, a series of selective stages through 
which the connection may be extended, each selective stage comprising switches and a 
marker common to said switches for con 
trolling said switches, and means responsive 
to the impulses sent by Said sender for op 
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erating said markers. 50 
48. In a telephone system, telephone lines, 

senders common to said lines, each said. 
sender comprising means for recording im 
pulses translating the record thus estab lished and sending impulses of a different 55 
character, means for associating said lines 
with said sender, a series of selective stages 
through which the connection may be ex 
tended, each selective stage comprising 
switches and a marker common to said send 
ers, for controlling said switches, and means 
responsive to the impulses sent by said 
sender for operating said markers. . 

49. In a telephone system, telephone lines, 
senders common to said lines, each said 
sender comprising means for recording im 
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pulses translating the record thus estab 
lished and sending impulses of a different 
character, means for associating said lines 
with said sender, a series of selective stages 
through which the connection may be ex; 
tended, each selective stage comprising 
switches and a marker common to said 
switches and said senders for controlling 
said switches, and means responsive to the 
impulses sent by said sender for operating 
said markers. 
In witness whereof, I hereunto subscribe 

my name this 20th day of October A. D., 
1922. ? - 

SAMUEL B. WILLIAMS, JR. 
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