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UNITED STATES PATENT OFFICE. 
WARREN. W. CARPENTER, OF BROOKLYN, NEW YORK, AND HENRY HOVLAND, OF 

E. EAST OR.) NSE, NEW JERSEY, ASSIGre 
CORPORATED, OF NEW YORK, N. Y., A CORPORATICN OF NEW YORK. 

HEREPHONE SYSTEI. 

Application filed recenter 22, 1925). 

To ?il, thom, it in (ty concern; 
Be it known that we, WARREN. W. CAR 

Pi3NTER and HENRY Hovi,AND, citizens of 
United States, residing 'at Brooklyn, in the 
county of Kings and State of New York, 
and East. Orange, in the county of Essex 
and State of New Jersey, respectively, have 
invented certain new and useful improve 
ments in Telephone Systems, of which the 
following is a full, clear, concise, and exact 
description. 
This invention relates to telephone sys 

tems and particularly to systems involving 
the use of machine switching apparatus for 
establishing connections. 
The object of the invention is to provide 

means, in a system where selective Switches 
are operated over an impulse circuit from 
a central office register sender to extend a 
connection to a subscriber's line, whereby 
the final one of said switches is controlled 
in response to a special condition impressed 
by the sender upon said impulse circuit to 
extend the connection to the Subscriber's 
line regardless of its busy condition. 
A feature of the invention relates to the 

provision of manually operable ineans for 
effecting a given operation of the impulse 
relay which normally serves to send operat 
ing impulses from the Sender to actuate the 
switches to so modify the operation of the 
final switch that the subscriber's line is Se 
lected regardless of its busy condition and 
the tastal busy signal rendered ineffective. 
(ther features and 'advantages of the 

present invention will become in ore readily 
understood "on a consideration of the foll 
lowing description taken in connection with 
the appended claims. 

Referring to the drawing which consti 
tutes part of the application. Figures to 
5 inctitive, when a 'rainged in the order illus 
trated in Fig. 7, disclose the detailed cir 
cuits and agi): 'atus of R. portion of 3 tele 
phone system embodying the principles of 

tion. 
shows, at the left of the broken 

a part of the equipment at a toil con 
ing operator's position and the outgoing 
Gf a tink ciririt, which leads to a se 
switch at a cordless operator's posi 

tion in the same office. To the right of the 

Serial No. 432,427. 

broken line there is shown the incoming end 
of the trunk circuit at the cordless operator's 
position together with certain controlling 
and Supervisory elements. 

Fig.2 at the left shows a selector Switch 
in which terminates the trank intel'connect 
ing the toll operator's position and the cord 
less operatoi's position. To the right of 
Fig. 2 is shown a second group Selector 
Switch. 

Fig. 3 illustrates 'a final selector or con 
nector Switch to which the switches shown 
in Fig. 2 have access and serves for com 
pieting connections to the subscriber's lines. 

Fig. 4 discloses a Switching unit inade up 
of two trunk finder switches which act to au 
tomatically associate an idle register sender 
with the particular trunk circuit at the cord 
less operater's position that has been taken 
for use in the extension of a to connection. 
This figure further shows an allotter switch. 
for assigning an idle register Seinder for use. 

Fig. 5 shows an operator's keyboard coil 
sisting of a plurality of rows of number 
keys, one of which is provided for each 
cCrdless operator's position. This figure 
also illustrates one of a plurality of 'egister 
Sender units to which the opei'ator's key 
board is coinion. 

Fig. 6 is a schematic iliustration of the 
circuits used by the operators and the innan. 
ther in which these operators participate in 
the establishment of a to connection be 
tween two subscribers’ lines. 

General description. 
The present invention is particularly ap 

plicable to toll switching systems and has 
to do with the provision of means for en 
abling a to connection to be set p over 
aiiformatic switches to the line of a caig 
sibSeriher, who has previously initiated the 
to call, regardless of whether his line has 
later been inade busy, as by being called .3" 
other Stahscribe's in the exchange oi' for 
any other reason. To accomplish this fea 
ture certain devices are provided in connec 

operator's position which controls the Se 
lective operation of the automatic Switches 
in building the connection to the calling 
subscriber's line for so influencing the Op 

"WESTERN ELECTRIC COMPANY, IN 

5 5 

60 

SO 

90 

  

  



5 

3. 

5 5 

O 

eration of the final or connector switch that 
this switch will seize the subscribe's line 
even though it tests busy without callsing 
the actuation of the usual busy signal. Fet 
a clearer conception of the manner in which 
a, toli call is handled and the part played 
by each of the different operators, attention 
is called to the diagrammatic layout in Fig. 
6. After having studied this Schematic 
showing the functions of the Selective 
switches and controlling mechanism shown 
in detail in the other figures will be more 
readily understood. 
At the left of the figure a calling Sub 

scriber's line 330 is shown terminating in 
the jack 603 before an answering operato; 
in the exchange. It will also be observed 
that the calling subscriber's line terminates 
in the multiples of a connector switch C in 
the same office. The subscriber at line 330, 
wishing to make a toll call, removes his re 
ceiver from the switch hook causing the 
illumination of the usual line signal at the 
answering operator's position. She answers 
the call by inserting the plug 604 of one 
of her cord circuits in the jack 603, The 
insertion of the plug in the jack may cause 
the association of the operator's head set 
600 with the cord circuit by means of auto 
matic devices, or, as illustrated for the Sake 
of simplicity, her telephone set may be 
placed in talking relation with the calling 
subscriber's line by means of the Ordinary 
listening-in key 609. The answering oper 
ator, On learning that the calling subscriber 
wishes a toll connection, connects her head 
set, as by means of a key (301, to an order 
wire 602 interconnecting her position with 
the position of a toll connecting opei'ator, 
illustrated within the dotted rectangle in 
the upper right-hand corner of the figu'e. 
The toll connecting operator's head set (306 
being thus placed in talking relation with 
the answering operator's equipment, she 'e- 
ceives from the latter operato', orally, all 
the necessary. information required for the 
completion of the connection. 
The toll connecting Operator next ma 

nipulates a key 605 which establishes a talk 
ing connection between her telephone set, 
over the order wire 610, and the teleplone 
set 607 of a cordless operator. Over the 
Order wire the toll connecting operator coin 
municates with the cordiess operator, gives 
her the number of the calling subscriber's 
line and also requests the assignment of a 
idle trunk to be used in the establishment. 
of the toll connection. The cordiess oper 
a for thereupon assigns a trunk, such as the 
trunk 10, 108, brings about the associatio; 
of a register sender 608 with the assigned 
trunk and records the designation of the 
caling line on her keyboard. At this time 
the toll connecting operator inay advise 
the answering operator, either by an oral 
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coi); it linication over the order wire 602, or 
by any other suitable signaling means, that 
slainey take down her connection with the 
calling line by removing the plug 604 from 
tle jack (303. 
After the record of the calling sub 

: 'ihei's line has been set up on the leg 
ister's of the sender 608, the switches S1, 
S and C are directly operated to extend 
the assigned trunk 10, 108 back to the ter 
iniinals of the calling subscriber's line 330. 
hould the connector switch C reach the 

terminals of the calling line prior to the 
time the answering operator removes the 
plug 604 from jack 603, or should the call 
ing line be seized by another connection 
diring the interval that might exist be 
tween the time the answering operator re 
loved the plug 604 from the jack 603 and 
the time the connector switch C reaches the 
terminals of the calling line, a busy condi 
tion would be found thereon. However, 
by the provision of means to be taken up 
in detail hereinafter, the circuits are so ar 
ranged that the connector switch C will 
disregard such a busy condition of the cal 
ing subscriber's line. 

In the meantime the toll connecting op 
ei'ator has inserted the plug 100 of her cord 
circuit in the jack 101 of the trunk assigned 
to her by the cordless operator and with the 
calling plug of her cord circuit has pro 
ceeded to establish a connection through to 
the called line 611. 
When the connection has been completed 

in both directions, the called subscriber has 
answered and the toll connecting operator, 
failing to receive a busy signal, knows that 
the calling subscribe's line 330 has not been 
rendered busy, in the meantime, she brings 
about the application of ringing current to 
R}otify the calling subscriber, who may have 
replaced his receiver on the switch hook, 
that the desired party has been obtained. 
Shoid, for one of the reasons above set 

forth, the calling subscriber's line be ren 
(iere busy while a toil connection is being 
established, the toll operator after laving 
obtained the desired party may listen in on 
the connection established in the meantime 
and notify the calling subscriber at, station 
330 that she has succeeded in obtaining the 
toli connection. Ye may then discontinie 
the local cai and converse with the st 
scribei originally called, 
Comparin gs. to 5 inclusive with the 
2 gray of Fig. (3, it will be seen that these 
gies. iii.33. Frate the detailed circuits and 

equipment located at the cord less operator's 
on. The switches S1, S2 and C, shown 
a fically in Fig. 6. 23'e the switches dis 

closed in detail in Figs. 2 and 3. These 
Switches, in the detailed showing, are ar 
- in accordance with 
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Switches. 
trunk 107. 108 shown in Fig. 1 at the oper 
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left to right. The trunk circuit t0, 108 
is shown in detail in Fig. and intercon 
nects the toll Switching operator's position 
with the position of the codess operator. 
The register Sender, shown as the rectangle 
GOS in the diagram, is shown in detail in 
Figs. 4 and 5. The calling subscriber’s line 
330 is shown at the extreme right of Fig. 
3, to conform with the layott of the switches 
in Figs. 2 and 3. 

lescription of (pparatus. 
The automatic switches shown in Figs. 2 

and 3 are of the two motion step-by-step 
type in which a primary stepping magnet 
operates in response to a series of directive 
impulses to advance the brushes to select the 
desired group and then a secondary step 
ping magnet operates to move the brushes 
over the chosen group to select a set of ter 
minals therein. 
The trunk finders consist of single move 

ment rotary step-by-step switches each made 
up of a plurality of arciliate rows of ter'- 
minals and cocperating brushes. A trunk 
finder unit consists of two of these rotary 
Switches, one of which is designated TF 
and the other is designated TF9. The pur 
pose of utilizing two switches per unit is to 
increase the number of trunk circuits at the 
cordless operator's position that may be as 
Sociated with the register sender without 
the necessity of employing large capacity 

Half of the trunks, such as the 
R 

atoi's position, are apportioned to the think 
finder TIF, and the remaining half of said 
trilinks are apportioned to the second ink 
finder TF. When the operator assigns a 
particular trunk for use by the toll connect 
ing operator, the first trunk finder Switch 
commences to rotate and search for this par 
ticular trunk. If the assigned trunk is re 
lated to the Second trunk finder switch, the 
first trunk finder will continue to ope 
until it has inade a, test of ai: the trunks 
which it serves. Thereafter, the second 
trunk finder switch TF begins to operate 
and finds the desired trunk. In the draw 
ing the Several sets of terminals and brushes 
of each of the trilink finder Svities of a 
given unit are located within the area, en 
closed by the dotted re With 
he lower rectangle are show in the stepping 
magnet 408 and the lishes aid feri) in: 
belonging to the trank finder TF. It 
stepping in: get 409 and the seve 

which comprise the : 
trunk inder switch TF 'e shown witi, 
area of the upper broken rectangle 
The operator's keyhnard illustra, 

Fig. 5 comprises four rows of ten key 
designated at 500, 505, 51() and 515. 
he use of these keys the operator ina. 
cold the number of anyone of 10,000 lines. 

:- Engi: S. 

In addition to these keys the operator's posi 
tion is equipped with a key 583 which places 
tile Sender in condition to accomplish the 
no test operation of the connestor switch C. 
These keys are of the locking type and any 
(epressed key will remain in its actuated 
position until released by the energization 
of an electromagnet. The release magnets 
for the thousands, hundreds, tens, units and 
to test key are shown respectively at 528, 
529, 530, 533 and 532. In addition to the 
ten number keys a common contact is: pro 
vided for each of the four rows. These coln 
tacts, which are identified by the characters 
565, 566. 56 and 568, are closed whenever 
one of the keys in the corresponding rows 
is actuated. 
The operator's keyboard briefly described 

above is common to a plurality of trunk find 
er and register Sender units. One of the 
register sender units at the operator's posi 
tion is illustrated in detail in Fig. 5. The 
registers, of which there are four, one for 
each of the four digits of a subscriber's num 
ber, consists of single motion step-by-step 
rotary switches. The thousands register 501 
is provided with a stepping Inagnet 502, 
the hundreds register 506 with a stepping 
magnet 507, the tens register 511 with a 
stepping magnet 512 and the units register 
536 with a stepping magnet 517, which mag 
nets operate to step the brushes of their 
respective registers from position to posi 
tion. The stepping magnets, the brushes 
and their coacting terminal banks and the 
other elements pertaining to each of the four 
registers are shown within the correspond 
ing broken rectangles at the right-hand side 
of Fig. 5. 
The Sender control switch is likewise of 

the step-by-step rotary single motion design. 
This switch consists of a stepping magnet 
555 and a blirality of brushes and termi 
inal rows. The Several brushes of the Sender 
control switch are, for convenience, dis 
tributed throughout Fig. 5. 

Each of the register sender units is 
furthermore equipped with a time in easure 
Switch, the function of which is to regul 
late the advance of the sender control switch 
from one position to another in such nanner 
that the attornatic selective switches S1 
and S9 are given a sufficient time to complete 
a laxinuin trunk hunting operation before 
the register sender is permitted to start the 

The time measure switch, ext selection. 
generally design: fed by the letter T. coin 
prises a Sigal rotary step-by-step device in 
cluding the stepping magnet 545 and a plu 
rality of brushes and terminal rows. Ali 
the elements of the time ineasure Switch are 
confined within the area of the broken rec 
tangle in the lower left-hand corner of Fig. 5. 

In order that a trunk finder and register 
sender unit may always be allotted for use, 
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when one is idle, 2nd to avoid confusion in 
apportioning the same, an allotter switch 
AL is provided. The allotter switch like 
wise consists of a Small step-by-step de 
vice in which a stepping magnet 424 is de 
signed to move the several switch contacts 
from one position to another. The several 
elements belonging to the allotter switch are 
shown within the space of the broken rec 
tangle at the right of Fig. 4. 

It is believed that, a more thorough un 
derstanding of the invention may be had by 
giving a detailed, description of the method of operation of the system. 

Operation of system, in detail. 
Let it be assumed that the subscriber of 

iine 330, wishing to obtain a toll connection 
20 

25 

30 

35 

40 

45 

50 

55 

with the subscriber of line 611, shown in Fig. 
6, and omitted from Fig. 1 for sake of clear 
ness, has initiated the call and that the 
necessary information regarding the con 
nection has been communicated to the toll 
connecting operator. She thereupon requests 
the cordless operator to assign an idle trunk. 
The trunk 107, 108, being idle at this time, 
is assigned by the cordless operator. 
At the time the cordless operator com 

municates the identity of the assigned trunk 
to the connecting operator she also depresses 
an assignment, key 126 individual to said 
trunk. The purpose of this key is to cause 
the operation of the allotted trunk finder to 
associate an idle register Sender to the trunk 
to which said key is individual. A circuit 
is completed from battery through the wind 
ing of relay 125, contacts of key 126, right 
hand armature and contact of relay 122, 
back contact and right-hand armature of re 
ity 124, closed contacts of key 127 to ground. 
Relay 125 operates and locks as follows be 
fore the contacts of key 126 open when re 
leased by the operator: battery through the 
winding and front contact and inner right 
hand armature of relay 125, and thence to 
ground as traced through the left-hand con 
tacts of key 127. Relay 125 establishes a cir 
crit, from ground through its inner left-hand 
almature and contact, conductor 135, lower 
right-hand contact 425 (1) of the allotter 
switch, british 550 of the sender control switch, 
contact, 569, conductor 442, winding of relay 
406 to attery and ground. Relay 406 be 
coiles energized and completes a circuit, from 
ground through its outer right-hand arma c. : sy 

ture and front contact, conductor 433, termi 
nal 570, brush 549, contact and armature and 
winding of stepping imagnet 555 to battery 
and ground. The magnet 555 energizes, in 

60 

65 

terrupts its own circuit and deenergizes to 
advance the brushes of the sender control 
switch on to their first position terminals. 

It may be well to note at this time that the 
sender control switch, the register switches, 
the time measure switch, the trunk finder 

1,478,022 

switches and the allotter switch are all de 
ned to advance the brushes from one ter 

in a to another upon deemergization of the 
stepping Jagnets. 
With the sender control switch in its first 

losition the relay 406 is maintained ener 
gized, the circuit herefor being now closed 
throgh the brush 550 and terminal 51. 
The stepping magnet 408 of the first 

trunk finder TF commences to advance the 
brushes 410, 411, 412, etc., from position to 
position to search for the calling trunk cir 
cuit. 
may be traced from battery through the 
winding of Said magnet, armature and con 
tact thereof, conductor 443, through the con 
rector terminals with Which the brish 415 
cooperates, intermediate left-hand armature 
and front contact of relay 406, terminal 444, 
irish 4.15 to ground. On the first opera 
tion of stepping Jagnet 408 the several 
bushes of the trunk finder TF advance to 
their first position terminals. The operat 
ing circuit for the stepping magnet 408 
therefore leads over the conductor 443 and 
thence directly to ground through the con 
hector' terminals and brush 415. Since the 
caling trunk is not represented in the ter 
iminals of the first trunk finder Switch, the 
stepping magnet 408 will continue to op 
erate until the brush 415 steps off the last 
One of the series of colnnected terminals and 
Inakes engagement with terminal 445. The 
circuit of magnet 408 being opened the 
switch comes to rest and a circuit is estab 
lished as follows for operating the second 
trunk finder switch TF: battery through 
the winding and aramature and contact of 
stepping magnet, 409, front contact and in 
ne; inost left-hand armature of relay 406, 
terminal 446 upon which the brush 422 of 
the Second trunk finder switch is now stand 
ing, brush 422, terminal 445, brush 415 to 
ground. Magnet 409 energizes, interrupts 
its own circuit and deemergizes to advance 
the brushes 417, 418, 419, etc. to the ter 
Yinals representing the first trunk in the 
group which is served by the trunk finder 
switch TF. Hereafter the operating cir 
cuit for the stepping lagnet 409 leads from 
battery through the winding and armature 
and contact of said laagnet Over the series - o s: 

of connected terminals, which blish 422 is 
low engaging ter)ailal 445 and brush 41.5 
to ground. In parallel to the above circuit 
a circuit is established from battery through 
the winding of relay 407, innermost left 
hand armature aid contact of relay 406, 
brush 432, terminal 445, brush 415 to ground. 
Relay 40 energizes for 
to be considered. 
When the brushes of the second trunk 

finder reach the terminals identifying the 
assigned trunk circuit at the operator's posi 
tion, a test circuit is closed from battery 

a purpose presently 

The circuit, for operating magnet 408 
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through the winding of stepping magnet 
409, front contact and left-hand arnature 
of relay 407, winding of relay 402. contact 
and in the left-hand armature of Irelay 401, 
brush 4 it, ternina 447, brush 418, terrain: 
448, cond yet of 134, contact and outer left 
hand arrattle of relay 25 to ground. 
The stepping magnet 409 energizes per 
manently in this circuit and the birushes are 
stopped in engagement with the proper Set 
of terminais. The relay 402 also becomes 
energized and establishes a circuit as above 
traced froin battery through the winding of 
imagnet 3:09, front contact and left-hand 
ai'nature of relay 40, thence through the 
winding and contact and left-hand airina 
ture of relay 492, conductor 435, brush 54 
of the Sender control Switch, conductor 434, 
brush 410, brush 4t, conductor 133, con 
tact and Oter light-hand ai'nature of relay 
3.19, Yilding of relay 122, right-hand con 
tacts of ikey 127 to ground. Stepping mag 

y 402 and relay 122 are locked 
Relay 402 at its inner right 

amature closes an Operating circuit 
for the relay 401. Relay 401 closes a hold 
ing circuit as follows for relay 40 : battery 
through the winding and inner right-hand 

stili'e aid contact of relay 407 to ground 
it the otite left-hand a nature aid coin 
tact Oil relay 401. Relay 401 also completes 
a circuit froin battery through the wind 
ing of the slow to l'elease relay 404, contact 
and right-hand airinature of i'elay 403, Outer 
left-hand a nature and contact of relay 401. 
to ground. The function of the relay 404 
will be taken up hereinafter. 
The relay 22 which also energizes in the 

holding circuit serves to extend the con 
ductors 136 and 137, which constitute the 
inpuise circuit, from the Sender to the first 
8. iector Switch. Relay 122 at its 
right-hand almature and contact opens the 

Relay 125 re 
m- s 

holding circuit of relay 125. 
loves ground from the conductor 135 

y relay 406 releases its arnatures. 
ity .22 firthermore completes a circ; it 

fi'oil gl'Olid through its outer lost let 
and contact, winding of re 
y and ground. Relay 120 

ized. Lamp li8 is illumi 
nated in a circuit through the inner right 
hand almature and back contact of 'elay 
117, left-hand armature and front contact 
of relay 120, back contact and innermost 
left-hand armature of relay 124 to ground. 

fegistration of calling line atmber. 
It will be assuined that the number of the 

calling subscriber's line 330, which is coin 
municated to the cordess operator over the 
order wire 610, is 9610. Accordingly, 
Soon as the cordless operator has assigned 
the trunk 10, 108, she records the designa 
tion of the alling line by ei'essing the s 

Y 

ground. 

pl’Oper keys in the thousands, hundreds, tens 
and inits rows on the zeyboard. The keys 
pertaining to this particular number a 'e key 
557 in the thousands row, key 558 in the 
h Ind'eds row, key 559 in the tens row and 
key 56) in the units row. As soon as a key 
in each of the four rows has been actuated 
Éhe common 'cw contacts are closed and 
circuits are established for the stepping mag 
nets 502, 507, 512 and 517 of the registers. 
These circuits lead in parallel fron battery 
through the windings and armature and 
contacts of said magnets, conductor 449, 
lower left-hand contact 450 of the allotter 
Switch, conductor 428, common contacts 568, 
56, 566, 565 to ground. The stepping mag 
nets of the registers interrupt their own cir 
cruits and advance the brushes fron terminal 
to terminal in Search of the depressed keys on 
the operator's keyboard. When the thou 
sand register 501 finds the operated key 557, 
a circuit, is closed from battery through the 
winding of Gagnet 502, winding of relay 
503, brush. 524 (position 1), british 504, ter 
inimal 561, key 557 to ground. When the 
register 506 finds the depressed key 558 a. 
circuit is completed from battery through 
the winding of magnet 50, relay 508, brush 
525 (position 1), brush 509, terminal 562, 
key 558 to ground. In a similar manner the 
circuits are completed through the windings 
of magnets 512 and 517 and the correspond 
ing relay's 513 and 518 to ground through 
the operated keys 559 &nd 560, respectively. 
When the registers reach positions corre 
sponding to these keys the magnets are there 
by permanently energized and the brushes 
brought to rest. After the last register has 
found the depressed key a circuit is closed 
from ground through the right-hand arma 
tures and contacts of relays 518, 513, 508 
and 503 it Series, conductor 572, terminal 
573, brush 548, contact aid armature and 
winding of stepping imagnet 555 to battery 
and ground. M: , 555 interrupts its own 
circuit and advances the Sender control 
switch to its second position. 

fedecise of (6tuated keys. 
In position 2 of the sender control switch 

the depressed keys on the operator's key 
board are released in a Sinuch as they are no 
longer needed. The circuit for the release 
magnetS 52S, 529, etc. may be traced front 
battery through the windings of these mag 
nets in parallel, terminal 574, brush 551 to 
L. With the key's released the relays 
i503, 508, 513 and 518 become deemergized 
and close a series circuit from ground over 
the left-hand armatures and contacts, ter 
minal 575, brush 548, contact and armature 
and winding of magnet 555 to battery and 
ground. The stepping magnet 555 again en 
ergizes and advances the sender control 
switch into position 3. The legister sender 
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has thus received the record of the calling 
Subscribe's line and is now in condition to 
transmit Series of inpuses in accordance 
with Said record to operate the automatic 
switches to extend the toll connections over 
the assigned trunk 10, G3 back to the ter 
minals of the calling subscriber's line 330. 

Operation of first group selector Switch. 
The impulse circuit, which is completed 

Over the left-hand airinasures aid front co 
tacts of relay 122, may be traced from bat 
tery through the right-hand winding of re 
lay 200 at the first group selector S, back 
contact, and inner left-hand altimature of re 
lay 20, conductor 129, middle left-hand 
armat Lie and front contact of relay 22, 
conductor 136, british 4:i9, brush 412, back 
contact and left-hand armature of relay 400, 
contact and left-hand amature of relay 403, 
brush 413, brush 420, conductor 13, front, 
contact and innermost iet-hand almative 
of relay 122, conductor 28, Outer left-hand 
armature and back contact of Irelay 20, ieft 
hand winding of reiay 200 to ground. Relay 
200 energizes and cioses a circuit f"Oin bat 
tery through the winding of slow to release 
relay 201, front contact and armature of relay 
200, contact and outer right-hand armature 
of relay 20, to ground. It will also be noted 
that the relay 405 is included in a circuit in 
parallel to the circuit leading through the 
contact and left-hand armatii Ee of relay 403. 
likelay 405, however, reinains inert so long 
as its winding is shunted by the contact and 
ariature of relay 403. 
When the sender control switch reaches 

position 3 a circuit is established from bat 
tery through the winding of relay 556, brush 
544 and normal position terminal 576 of the 
time measure switch T, brush 536 (position 
3), brush 520 to ground. Relay 556 becomes 
energized and closes a circuit front) battery 
through the winding of magnet 555, contact 
and left-hand armature of relay 556 to 
ground. At the same time a circuit is closed 
from ground through the front contact and 
inner right-hand armature of relay 556, 
brush 539, brush 542, terminal 557, winding 
of stepping magnet 545 to battery and 
ground. Magnets 555 and 545 are energized 
preparatory to advancing their brushes to 
the next position when the operating circuits 
are opened. On the next closure of the con 
stantly rotating interrupter 451 a circuit is 
completed from ground through said inter 
rupter, contact and Outer right-hand arma 
ture of relay 401, conductor 436, winding of 
relay 552 to battery and ground. Relay 552 
completes a circuit from ground through its 
contact and inner left-hand armature, con 
tact and outer right-hand armature of relay 
556, left-hand arnature and back contact of 
relay 554, winding of relay 553 to battery 
and ground. Relay 553 operates and com 
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pletes a circuit from battery through its 
winding and contact and arnature, winding 
of relay 554, conductor 59, and thence to 
ground at brush 520. Relay 554 does not 
energize since its winding is shunted by the 
direct circuit to ground at the interrupter 
451. As Soon as interrupter 451 opens reiay 
554 becomes operated and locks in series 
with relay 553. The next closure of the in 
terrupter 451 and the consequent energiza 
tion of relay 552 results in the establishment 
Of a circuit from ground through the right 
hand almature and contact of relay 554, 
Outer left-hand ai'inature and contact of re 
lay 552, brush 537 (position 3), winding of 
stepping magnet 502 to battery and ground. 
Magnet 502 attracts its a matures and pre 
pares to advance the brushes 561 and 520 to 
their next position terminals when its cir 
cuit is Severed. At the same time a circuit 
is completed from ground through the con 
tact and inner left-hand arnature of relay 
552, contact and Outer right-hand airmature 
of relay 556, left-hand almature and front, 
contact of relay 554, conductor 430, winding 
of the stepping relay 400 to battery and 
ground. Stepping relay 4:00 attracts its ar 
matures and opens the impulse circuit lead 
ing to the selector S' thereby perihitting 
the release of relay 200. 

Relay 200 on retracting its armatures 
closes a circuit from ground through the 
outer right-hand al'mature and contact of 
relay 207, al'mature and back contact of re 
lay 200, armature and front contact of re 
lay 201-which remains energized during 
the transmission of impulses-winding of 
slow to release relay 202, winding of the pri 
mary stepping magnet 203 to battery aid 
ground. Magnet 203 operates to advance 
the brushes 208, 209 and 210 into operative 
relation with the first group of terminals. 
Relay 202 likewise energizes and establishes 
a circuit fro: batters through the winding 
of relay 206, lowermost springs of the of 
normal contact 2 ti, al'mature and front con 
tact of relay 202, conductor 130, laiddle ar. 
mature and contact of relay 12), i.eft-hand 
contacts of key 12 to ground. It will be 
noted that the off normal contact 211 is closed 
the instant the bush shaft, takes its first 
primary step. Relay 206, on energizing, 
locks up in a circuit from battery through 
its winding, lower springs of contact. 211, 
armature and contact of magnet 205, contact, 
and Outer arnature of relay 206 to ground 
at the contact and Outer right-handarima 
ture of relay 207. At the first primary step 
of the selector Switch S a circuit is also 
closed from ground through the upper set 
of off normal springs 21i, conductor 31, 
winding of relay 124 to battery and ground. 
Relay 124, at its right-hand armature and 
front, contact, provides a substitute ground 
connection from the left-hand contacts of 
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key 127 to conductor 130 so that this con 
ductor will remain grounded when later the 
relay 120 releases its armatures. 

Relay 124, at its innermost left-hand ar 
mature and back contact, opens the circuit 
for the lamp 118 and this lamp becomes ex 
tinguished. Relay 124, in addition, com 
pletes a circuit from ground through the in 
terrupter 23, middle left-hand armature 
and contact of said relay, contact and inner 
most right-hand armature of relay 120, amp 
121 to battery and ground. Lamp 121 is 
flashed in this circuit to indicate to the op 
erator that the establishment of the connec 
tion is proceeding. 
The 8t, opening of the interrupter 451 

cases he deenergization of 'elay 552 and 
the opening of the circuits of magnet 502 
aid 'elay 400. iiagnet 502 advances its 
- ... - - - - - brushes to the next position and relay 400 
closes the circuit for relay 200. Relay 200 
in turi; opens the circuit through the wind 

if {S. C. 
closes the circuit for relay 201. Magnet 
203 deeiergizes but relay 202, being slow to 
release, does not retract its ar;mature. For 
each succeeding closure and opening of the 
interritor 451 relay 552 is operated to close 
and open the above traced circuits for the 

teloping magnet 502 
8. and the step 

The registe 501 advances 
to position while relay 400 

. . . . . . . . . . . 'kills; (3. 

causes the stepping magnet 203 to ad 
vance the brishes of the selector switch 
iron Oile group of terminals to the next. 

wn. 

is: 520 Of the register g 
grounded terminal and 'elay 556 becomes 
deemergized. Relay 556 opens the circuits 
of the stepping magnets 555 and 545. Mag 
net 555 releases the brushes of the Sender 
control Switch into position 4 and the 
magnet 545 releases the brushes of the time 

e Svitch to thei' text posit Re 
and 554 are also released as soon as 
is 'ei pyed from conductor 59. 
jihaasi'e switch is driver through 
ycle by means of the interTipte: 
continues to ciOSe and open the 

552. The stepping circilit, 
ineasil'e Switc. 

G 

Wihan : 
disengages the last 

- brush 542, brush 
right-hand airmatire 

556, right-hand 
it relay 552 to 

) purpose of the time measure 
itch, as set forth hereinbefore, is to delay 

the advance of the Sender control switch 
for a time scine what greatei' than that re 

ed by the attornatic Selective Switch. 
life, a tink huntino 

arek 
st 
... . *. 

{{... eree, while the line measisi'e 

ration of relay 200, which in 

pulses have been sent the brush 

switch T is stepping through a revolution 
the first group selecto' S is performing 
its hinting Operation. 
The stepping relay 400 remains perma 

nently deemergized following the 'simple 
tion of the first series of inprises and there 
by Raintains the ene:gizing circuit of 'elay 
2OC). iter an interval the slow to Irelease 

stracts its innatures and a ci'- 
cuit is closed from battery th:'Otagh the inner 
airinature and contact of 206, wind 
ing of the Secondary ste 
normal contacts of Irelay 
ed condictor 13C t 
co!}ies energized CS 
208, 209 ail! 2 () on to he first set of tei 
minals of the selected group. Magnet. 20 
at its arnature and contact, opens the hold 
ing circuit of relay 206 Winich thereupo 
deemergizes and opens the Operated circuit 
of magnet 205. Magnet 205 again becomes 
deenergized and closes the following cii'- 
cuit provided the first trunk in the groi. 

battery through the is busy at this time: 
winding of 'elay 205, lower springs of off 
normal contact 21, alth&ture and contact 
of magnet 205, back; contact and inner Fight 
hand armature of relay 207, brush 210 to 
ground or the test terminal 215 of the bill 
tink. in pai'aiei with this circuit, a ci 
cuit also leads through the winding of re 
lay 207 through the grounded cordictor 
130. Relay 207, however, is shunted out 
by the di'ect connection to ground at the 
busy test teiina 215 and cannoi Cherate. 
Relay 206 operates to close the energizing 
circuit for stepping inaget 205 which ad 
vances the brushes to the next set of teiishi 
nals. This method of Operation continues 
until an idle trunk is reached, the test, termi 
nal of which is identified by the absence of 
ground potentia. Relay 206 therefore fails 
to energize and the brushes of the Switch 
are brought to rest. Relay 207 is now einer 
gized in series with relay 206 to the grounded 

arif 
C. 

ay 2 2. 

- 

- 
- 

sy 

conducto: 130 but the resistance of relay 
is such that the 'elav 206 caniot operate 

in series there withi. The 'elay its 
and iiie right. : ); a 

ture, extends the groindex ; : ) 
te'Yinal 

k isy to 
i-land 

through the test iru; 
2 is to redei' in 
() tige; Switches. Re 
air natures, OpenS is 
and extends the 
129 through to the 
The inpuise circui 

ond group selector S is est 
battery through the right-h2 
relay 220, back contact and inner 
arnature of rejay 216, terminal 2, 4, brush. 
209, front contact, and inner left-hand ar 

207, conductor 29, thence, 
ough the contact and 

teing yely 400 and re 

209. 
the Sec . 

ished fio 
l 
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turning by way of conductor 128, outer left 
hand almature and front, contact of relay 
207, brish 208, terminal 213, Outer left 
hand arinat: 'e and back contact Öt 'elay 
216, left-hand winding of relay 220 to 
ground. Relay 220 becomes energized and 
compieties: a circuit from battery thi'ough the 
winding of 'elay 217, contact and right 
hand almatil'e of 'elay 220, conductor 231 
to the grounded test terminai 215. Relay 
217 operates and locks up in a circuit from 
battery through its winding and ai'nature 
and contact, and thence to the grounded 
conducto: 23 right 231, independently of the 
i) and a nature and contact of relay 220. 

(percation of the seconcil ('op selector 
Stitch. 

Whe; the time measure Switch 'eaches 
the next to its last position brush 342 disei). 
gages the last of the contintlously connected 
terminals and steps on to the terminal 5 S, 
... circuit is now coupleted from battery 
through the winding of relay 403, conductor 
3.39, termina 580, bitish 54.l., brush 540 (po 
sition 4) to ground. Relay 403 operates to 
reimove the sh;int from ai'ound the winding 
of relay 405. The pirpose of this is to per 
Init, the relay 405 to make a test of the in 
pulse circuit to detei'inine if the Selector 
switch S has succeeded in finding an ide 
trunk. Since air idle trunk was found bat 
tery citizent is connected to the inpuise cir 
cuit through the windings of relay 220 at 

S2 and relay 405 immedi the next switch S 
ately operates when the shu:int is removed at 
the left-hand amature and contact, of relay 
403. Relay 405 closes a circuit from bat 
tery, through the winding of stepping hig 
net 545, conductor 438, contact and right s 

hand arnature of relay 405, conductor 437, 
teinina. 578, brush 542, brush 539, and 
tlence to ground at the right-hand armatu'e 
and contact of relay 552. The time line3S 
it's switch i advances to its normat (::i 

Rely 403 is thereupon 'eleased, the 
reclosed and relay 4.05 becoiles de 

is the title (2a3 (ife & Witch 
Rornia position, 2nd Silce the 
!'ii switch is now in positi 

a ci"citi; is in in ediately est: blished from 
battery through the winding of relay 556, 
conductor 579, brush 544, terminal 576, 
brush 586 (position 4), brush 521 of the 
hundreds register 506 to ground. Relay 
556, in the in)anler above described, closes 
the energizing circuits of the stepping mag 
nets 555 of the Sendel control switch and 
345 of the time measure switch T. Upon 
the next closure of the interrupter 451, relay 
552 operates and closes the circuit for relay 
i553. Relay 553 energizes and prepares a y)s. 

circuit from battery through its winding, 
contact and armature aid the winding of re 
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ity 

rtite t 
i53, ' the ciosi'e of the interrupter 
451 a circuit is completed fron gi'Ouid 
th:log sight-halid artinati'e and coin 
tect of 'elay 554, Cuter left-hand amattle 
aid contact of relay 552, brush 537 (posi 

n 4), winding of stepping magnet 507 to 
bittery and gouind. At the Sanhe time the 
above traced circuit is closed f:"On g'Olind 
through the contact, and inner isft-hand ar 
littie C { 552, contact and outer right 
hind ari nature of relay 556, ieft-hand ar 
Batti'e and front contact of i'elay 554, con 
kictor 430 and thence through the winding 

i)attery and 
stepping magnet, 507 is energized 

is 

O{ nce the brushes 509 and 523. 
() the next position and relay 400 operates 
open the impulse circuit to calise the re 

f relay 220 at the 
Witch S2. 

lay 22, on deemergizing, completes a 
circuit from ground through the outer 
light-hand armature and contact of relay 
2: (S. left-hant airinature and contact of re -i. S. 

Second group Se 
S 

|ay 220 a nature &nd front coin 
{{{ {}; i.e : winding of slow to re 
lease relay 219, winding of the primary 
stepping magnet 221 to battery and ground. 
Skepping lagnet 221 operates ind moves 
the brushes 225, 223 and 227 into operative 
relation with the first group of terminals. 

So becomes energized and 
plete; a circuit from battery through the 
ding of relay 218, lower springs of the 
noi'nal contact, 224-which operates on 

the first primary step of the switch-arma 
'e and front contact of relay 219 to the 

grounded conductor 231. Relay 218 at 
tracts its amatures and closes a holding 

attery through the 
wer Springs of con 

intact of the Sec 
23, contact and 
to ground at the 

a mature of 

th; next () ent of the it 
1'elay 552 Sever's the energizing circuits 

tof Stepping magnet 50 and tile stepping 
relay 400. Magnet 50 releases the brushes 
of the hundreds 'egister to the next posi 
tion and relay 400 closes the impulse circuit 
to cause the reenergization of relay 220. 
Relay 220 opens the circuit of relay 219 and 
imagnet, 221. The magnet 221 becomes de 
energized but relay 219 being slow to re 
lease in character maintains its armature 
attracted during the transmission of im 
pulses. For each succeeding closure of the 
constantly rotating interrupter 451 the step 
ping magnet 507 advances the brushes of 
the hundreds register one position and the 
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stepping relay 400 causes the primary step 
ping magnet 221 to move the brushes of the Second group selector succesively from one 
group of terminals to the next. When the 
last inpuise of the series representing the 
depressed key 558 has been transmitted to the 
Switch the brush 521 disengages the ground. 
ed terminals and relay 556 becomes deener 
gized. Relay 556 opens the holding circuits 
of the stepping magnets 555 and 545. Mag 
net 55 releases the brushes of the sender con 
trol switch to their fifth position terminals. 
The stepping magnet 545 advances the 
brushes of the time measure switch and this 
switch commences to make a complete ro 
tation. 

Following the completion of the impulse 
series relay 400 remains deemergized and 
relay 220 remains energized. After an in 
terval has elapsed the slow to release relay 
219 retracts its armature and completes a 
circuit from battery through the inner arma 
ture and contact of relay 218, winding of 
the secondary stepping magnet 223, normal 
contacts of relay 219 to the grounded con 
ductor 231. Stepping magnet 223 operates 
to move the brushes 225, 226 and 227 on to 
the terminals of the first trunk of the Se 
lected group. Magnet 223 opens the lock 
ing circuit of relay 218 which becomes de 
energized and in turn opens the energizing 
circuit of said magnet. On the deemergiza 
tion of the magnet 223 a circuit is completed 
as follows, assining the first trunk in the 
group to be busy at this time and a ground 
potential to exist on the test terminal 230: 
battery through the winding of relay 218, 
lower springs of the normal contact 224, ar 
mature and contact of magnet 223, back con 
tact and inner right-hand armature of relay 
216, brush 227 to the grounded test terminal 
230. It will be noted that relay 216 is in 
cluded in a circuit in parallel with the one 
just traced, but this relay cannot operate as 
it is shunted by the direct path to ground at 
the busy test terminal 230. Relay 218 oper 
ates and closes the above traced circuit for 
magnet 223 which in turn operates to ad 
vance the brushes to the next set of te:"Inimals 
and also to open the circuit of relay 218. 
This method of operation continues until an 
ide trink is found at, which time the shunt, 
is removed from the winding of relay 216 
and this relay operates in series with relay 

t 5 

218. The resistance of relay 216, however, 
is such as to prevent the operation of relay 
218 and consequently the circuit of the sec 
ondary stepping magnet 223 is maintained 
open and the brushes of the switch are 
brought to rest on the terminals of the idle 
trunk. Relay 216 at its inner right-hand ar 
mature and contact extends the grounded 
third conductor through to the test terminal 
230 to render the selected trunk busy to 
other switches. Relay 216 at its left-hand 

armatures opens the circuit of relay 220 
and extends the talking conductors through 
to the connector switch C. The impulse 
circuit for operating the connector Switch 
C may now be traced from battery through 
the right-hand winding of relay 300, contact 
and Outermost left-hand armature of relay 
304, conductor 326, terminal 229, brush 226, 
thence over the lower talking conductor 
through the contact and armature of the 
stepping relay 400 at the sender and return 
ing over the upper talking conductor to 
brush 225, terminal 22S, conductor 325, nor 
mal contact at the outer left-hand armature 
of relay 305, left-hand winding of relay 300 
to ground. Relay 300 becomes energized 
and closes a circuit from battery through the 
winding of relay 301, contact and inner 
right-hand armature of relay 300, contact 
and innermost right-hand armature of relay 
304 to the grounded third conductor 327. 
Relay 301 locks in a circuit from battery 
through its winding and contact and inner 
most right-hand armature, contact and in 
hermost right-hand armature of relay 304 to 
the conductor 327. Relay 300 also completes 
a circuit from battery through the winding 
of the slow to release relay 307, front contact 
and left-hand armature of relay 300, contact 
and Outer most right-hand armatire of relay 
305 to ground at the back contact and middle 
left-hand almature of reiay 304. 

Operation of the connector Stitch. 
Upon reaching the next to its last posi 

tion the time measure switch T stops ten 
porarily and a circuit is closed from battery 
through the winding of relay 403, conductor 
439, terminal 580, brush 541, brush 540 (po 
sition 5) to ground. Relay 403 removes the 
shunt from around the rejay 405 and this 
latter relay operates in series with the wind 
ings of relay 300 at the connector switch C. 
Relay 405 connpletes a circuit from battery 
through the winding of stepping imagnet 
545, conductor 438, contact and right-hand 
armature of relay 405, conductor 437, ter 
minal 58, brush 542, brush 539, and thence 
to ground at the right-hand armature and 
contact of relay 552, which operates on the 
next closure of the interrupter 451. Step 
ping magnet 545 the eupon advances the 
time measure Switch to its normal position 
and relay 403 deemergizes to reclose the 
shunt around the winding of relay 405. 

immediately that the time measure switch 
reaches its normal position relay 556 is 
again energized in a circuit over conducto: 
579, brush 544, terminal 576, brush 536 
(position 5), brush 522 of the tens register 
5ii to ground. Relay 556 closes the circuits 
hereinbefore traced for energizing the step 
ping magnets 555 &nd 545. Upon the first 
closure of the interrupter 451 relay 552 ener 
gizes and closes a circuit for relay 553 which 
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in turn completes a circuit for relay 554 
as above described. As the interrupter 
opens the relay 554 energizes in series with 
relay 553 to the grounded conductor 579. 
The next time the interrupter 451 closes a 
circuit is completed as hereinbefore traced 
for the stepping relay 400. A circuit is 
also closed from ground through the light 
hand armature and contact of relay 554, 
outer left-hand armature and contact of 
relay 552, brush 537 (position 5), winding 
of the stepping magnet 512 to battery and 
ground. Magnet 512 energizes preparatory 
to advancing the brushes of the tens, register 
to their next position. 

Relay 400 operates to open the impulse 
circuit thereby causing the energization of 
the relay 300 at the connector switch C. 
Relay 300, on deemergizing, completes a cir 
cuit from ground through the middle left 
hard armature and back contact of relay 
304, outermost right-hand arnature and con 
tact of relay 305, left-hand al'mature and 
back contact of relay 300, outer left-hand 
armature and contact of relay 301, contacts 
313 and 315, winding of slow to release re 
lay 302, winding of the stepping magnet 303 
to battery and ground, Primary stepping 
magnet 303 actuates to advance the brushes 
318, 319 and 320 of the connector switch 
into operative relation with the first group 
of terminals. Upon the first primary step 
of the switch contacts 313 and 315 disen 
gage one another but before this occurs the 
contact 313 makes engagement with contact 
314, Consequently, the original energizing 
circuit of the primary stepping magnet is 
substituted by a circuit which leads as above 
traced through the left-hand armatures and 
contacts of relays 300 and 301, thence by 
way of contacts 313 and 314, left-hand ar 
mature and front contact and winding of the 

's 

slow to release relay, which is now ener 
gized, through the winding of the primary 
stepping magnet 303 to battery and ground. 
The next time interrupter 451 opens relay 
552 deemergizes and opens the circuits of 
the stepping magnet 512 and the stepping 
relay 400. Magnet 512 advances the brushes 
of the tens register to their next position 
terminals and relay 400 closes the impulse 
circuit to permit the energization of relay 
300. Relay 300 opens the circuit, through the 
slow to release relay 302 and stepping mag 
met 303. The stepping magnet becomes de 
energized but relay 302 retains its armature 
during the transmission of the impulses. 
For each succeeding impulse sent out by 
the register Sender stepping magnet 512 op 
erates to advance the brushes one step while 
relay 300 operates to cause the primary 
movement of the selector switch C. Follow 
ing the last impulse of the series the br 
522 of the register 511 disengages the last grounded terminal and opens the circuit of 
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relay 556. Relay 556 in turn opens the cir 
cuits of stepping magnets 555 and 545, 
whereupon the sender control switch moves 
out of position 5 and into position 6 and the 
time measure Switch commences to make a 
complete revolution of its brushes. After 
the lapse of the necessary interval, during 
which relay 300 is holding its at natures 
attracted by reason of the fact, that stepping 
relay 400 at the sender is permanently de 
energized, the slow to release relay 302 re 
tracts its armatures. Relay 307 being slow 
to release remains energized during the re 
tractions of the left-hand armature of re 
lay 300. . 
When the time neasure switch, which 

commences to rotate upon the deemergization 
of relay 556, reaches its sixth position, 
brush 543 makes engagement, with the first 
one of the connected terminals 58 and a 
circuit is established as follows: ground 
through brush 543, terminals 581, terminal 
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582, brush 548, contact and armature and 
winding of stepping in agnet 555 to battery 
and ground. The magnet 555 operates in 
this circuit to advance the sender ... control 
switch from position 6 into position i. 
Upon reaching the next to the last position 
the time measure switch completes a circuit 
from battery through the winding of imag 
net 545, the seventh position eliminal co 
acting with brush 546, brush 546. terminal 
578, brush 542, brush 539, and thence to 
ground at the right-hand a 'nature aid con 
tact of relay 552. Magnet 545 energizes 
and upon the opening 

switch into its normal position. it will be 
observed that the brush 540 does not close 
the conductor 439 to ground in the sixth and 
seventh positions of the sender control 
switch and consequently relay 403 remains 
deenergized, . 

When the sender control switch is in po 
sition 7 and the time measure switch at nor 
mal, a circuit is closed from battery through 
the winding of relay 556, conductor 579. 
brush 544, terminal 576, brush 536 (position 
7), brush 523 of the units register 516 to 
ground. Relay 556. Operates to close the 
circuits of stepping inagnets 555 and 545. 
When the interrupter 451 closes relay 552. 
becomes energized and establishes a circiii, 
for the relay 553 which in turn closes a se 
lies circuit for itself and relay 554 to the 
grounded conductor 5.9. On the next open 
ing of the interrupter relay 554 locks in se 
ries with relay 552. Following this the closure 
of interrupter 451 causes the operation of re 
lay 552 and the above traced circuit is estab 
lished for the stepping relay 400, also a cir 
cuit is closed from ground through the 

ht-hand armature 2nd contact of Fela, 

of relay 552, brush 537 (position 7), wind 
, otter left-hand armattire and contact, 
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of interrupter .451 
deemergizes to advance the time measure 
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ing of stepping magnet 517 to battery and 
ground, ?tagnet 517 energizes preparatory 
if : 

the deemergization of 
ector Switch. 

300, Lion deanergizing, establishes 
from ground through the middle 

are and back contact of re 
e and coin 

--- s - ^ 1. and arrattire a 'd 

3. 

1S 58 
y 

( : 

39 &o battery and ground. Magnet 
advance the brushes 38, 

e:Yet with the firs 
Irina is in the selected group 

y 324 also energizes in series Sih the 
Stepping magnet and retains its armattires 
during the tra. Sinission of the units in 

25 uses. in the in anner well understood the 
sieging relay 400 energizes and deerer 
SiZ63 to send iii):ses over he inpuise cir 
ci, it and the inits regy 
; it is is: Operated to 'es&ore tha II inits reg 

30 ister 56 to its notia Osition. When the 
t innulse of the 3 in plige has been 

selli, which 33.3s that the brushes of the 
s {Ci switch have been dri.e: to the 
terminals of the calling Suscribe;’s ire 330, 

35 brush 523 of the 'egister disengages the 
grounded terminals and opens the circuit o' 
relay 556, Relay 556 in turn opens the cir 
cuits of Eh ping magnet 555 and 5 
of the step magnet 555, releases 

40 brushes of 
. AY 

S.O. 

the calling 
in: ; a fi?yan innate frt" in a syrin r Ipreparation made for the applica 
ging client, the release of the 

i' ser:der will first be taken p and 
he effect of its release upon the circuits 

50 of the firgi, gri: ; Selector switch. 
felease of the register gender. 

switch reaches 

ter:ainai 58 and a circrit i 
:losest from ground through the brush 54.3. 
hitish 548 and its eighth position termina: 
contact and armature and winding Ci step 
sing magnet 555 to battery and ground. 

80 The stepping magnet 555 operates to ad 
ance the Sender control switch into posi 

tion 9. In this position the circuit just 
s s raced is reclosed by brush 548 and magnet 

555 again energizes and deenergizes to move 
s i? he sender control Switch out of position 9 65 

and into position 10. The movement of the 
S 

i. 
f 
( 

onder control switch through positions S 
and 9 takes place while the brush 343 of 
he time measure Switch is noved over the 

. onnected eliminals 58i. 's the sender 
introl syitch leaves position 9 its brush 

54 opens the circuit, traced herein efore 
3. - --- fy - a s : ? , y - - r for magnet, 409, relay '02 as Feity ... at 

jay 402, at its inner ri had 8, "islature 
contact, opens the circii Eelay 40. 

- r -- c ay 401 becomes declinergized aid discon 
-i- nects the interrupter 451 iron conductor 

436. Relay 401 also compieties a circuit 
from battery through the winding and ar 

549 (pos 
and innes' right-hand a mature o 
-- 

attle aili contact of magaai, 
on 10), coinductor 43i s y 

re: 4{} 
G ground at the back contact, and outer . 

right-hand aranature of relay 406. Ragnet 
-- 555 interrupts its own circuit and advances 

the Sender control switch into normal po 
sition. Relay 40; a , its oriter left-hand 
rinature, opens the hoiding circuit of relay 

and this latter Felay becomes deeiner 
(vances the brushes of 

der T to their next termi 
findel' T is now restored to 

by means of a circuit 
S through the winding and ar 

nd contact of magnet, 409, through 
nected terminals with which brush 

operates, terminal 445, brush 415 to 
ris When the tink finder Ti" reaches 

ci'imal brush 422 engages terminal 446 and 
a circuit is completed from battery through 
the winding Qi relay 407, terri; a 446, 

3. 
-r a s 4. 6, british 423 and 
nina to grou d. 

45; and brush 4.15 to 
operates and closes a 

A through the winding 
contact of imagnet 408, 

Ottern Ost left-hand 
terminal 452, brush 

its normal position ter 
3. Stepping magnet, 408 op s 

eates in ti is circuit and advances the 
brushes of the rink finder TF to their 
noirinai position. The trainik inder switches 
snow being 'estored both magnets 409 and 
408 remain inactive and relay 40 is re 

arnature and contact, 8: w re 

relay 120. Relay 120, at i 

energizing at the time 
witch moves into posi 
he taking cardictors 
he in Ilse conductors 
inds said talking con 
he right-hand wind 
COi O9 in the trunk 
is oute left-hand 
ens the circuit of 
innermost right 

it for Aashing 
anp 12:... The termination of the flash 

tors through 
of the repe 

ircuit 
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direction as to prevent the energization of 
the polarized relay 105. Relay 10 com 
pletes a circuit from ground through its 
armature and contact and the winding of 
relay 1:4 to battery and ground. Relay 114 
becomes energized and a circuit is estab 
lished from battery through the winding of 
relay 13, armature and contact of relay 116. 
front contact and left-hand armature of re 
lay 114 to ground. Eelay 43 operates and 
closes a circuit from ground through its 
right-hand armatu'e and contact, winding 
of relay 117 to battery and ground. Relay 
117 locks in a circuit from battery through 
its winding and front contact and inner left 
hand armature, contact and outermost right 
hand armature of relay 120 to ground at the 
contact, and outermost, left-hand armature of 
relay 124. Relay 11 also opens the operat 
ing circuit of relay 116 and this latter relay 
releases its armature. After relay 116, 
which is made slow to release, retracts its 
a'nature, relay 13 again deenergizes and 
closes the trunk circuit at its left-hand arma 
tire and contact. Relay 17 also opens the 
circuit of lamp 118. 

iDuring the energization of relay 113 the 
tipper talking conductor is opened for a suf 
ficient interval to permit the release of relay 

: 305 at the connector switch. Relay 305, on 
i’etracting its arnaturies, connpletes a circuit 
from the ringing source 328, interrupter 329, 
left-hand winding and back contact and in 
her left-hand a nature of relay 305, contact 
and outeriost right-hand armature of re 
lay 304, outei' right-hand almature and con 
tact of l'elay 311, brush 319, thence over the 
loop of the calling subscriber’s line, brush 
818, back contact and inner right-hand arma 
tl}re of relay 311, niddle right-hand arma 
ture and contact of relay 304 to ground at 
the Outer left-hand ariinature and contact of 
relay 305. Relay 305, being marginal. does 
not operate in series with the high resistance 
of the ringer magnet at the substation 330. 
When the calling subscriber removes his re 
ceiver fron the switch hook, relay 305, be 
ing included in a low resistance circuit. at 
tracts its armatures and locks up in a circuit 
from battery through the right-hand wind 
ing and contact and innermost right-hand 
arnature of said relay, normal contacts of 
relay 30, conductor 325, and thence over 
the tipper side of the talking circuit to 

and at the tipper right-hand winding of 
repeating coil 109, this circuit having been 
empleted in the meantine by the release of 
relay 113. The ringing current is thus dis 
connected from the calling subscriber's line. 
Since the calling subscriber's receiver is off 
the Switch hook and the left-hand armatures 
of relay 305 are attracted the relay 306 is 
CW included in a direct circuit from the 

caling subscriber's substation through to 
the Eight-hand windings of the repeating 

L3 

coil 109 and the battery supply relay 112. 
Relay 306 becomes energized and closes a 
circuit for relay 307. Relay 307 at its make 
before break contact shifts the holding cir 
cuit for relay 305 from the upper talking 
conductor to the third conductor 32. This 
circuit may be traced from battery through 
the right-hand winding and contact and in 
ner right-hand armature of relay 305, front 
contact and right-hand armature of relay 
307 to conductor 327. The relay 112, which 
also energizes in series with the calling sub 
scriber's line, closes a circuit from battery 
through the winding of relay 111 contact 
and armature of relay 112 to ground at the 
contact and armature of relay 110. Relay 
111, at its armatures and contacts, reverses 
the connection of the windings of relay 410 
to the talking conductors 107, 108. This re 
versal of current causes the polarized relay 
105 at the toll operator's position to retract 
its armatures. Relay 105 removes the shunt 
from around the high resistance winding of 
relay 106, whereupon the flow of current is 
reduced through the winding of relay 102. 
Relay 102 thereupon deenergizes and opens 
the illuminating circuit of lamp 103 which 
advises the toll connecting operator that the 
calling subscriber has removed his receiver 
from the switch hook. The calling and 
called subscribers may now converse with 
One another over the toll connection. 

Release of the established connection. 
When the conversation has terminated the 

calling subscriber at line 611, by replacing 
his receiver to the Switch hook, causes the ac 
tuation of the usual supervisory signal at the 
toll connecting operator's position. Like 
wise, the replacement of the calling sub 
Scriber's receiver to the switch hook causes 
the deenergization of relay 112, which in 
turn permits the deenergization of relay 
111. Relay it again reverses the current 
over the trunk 107. 108 and the polarized 
relay 105 releases its armature to reclose the 
shunt around the right-hand winding of 
relay 106. Relay 102 now operates and lamp 
103 illuminates to notify the toll connecting 
operator that the connection should be taken 
down. She thereupon removes the plug 100 
from the jack 101 causing the deenergization 
of relays 102 and 106. Relay 106 opens the 
circuit of relay 10, which latter relay re 
leases its armatures and opens the circuit of 
relay 114. Relay 14 completes a circuit 
from battery through the lamp 118, inter 
right-hand armature and front contact of 
relay 117, innermost right-hand armature 
and contact of relay 14, interrupter 15 to 
ground. The interrupter 115 causes the 
larp to flash, indicating to the cordiess 
operator that the switches should be released. 
The cordless operator thereupon depresses 

her disconnect key 127 which removes ground 
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potential from the conductor 130. The re 
moval of this ground potential causes the re 
lease of relays 207, 216,217,304 and 305. Re 
lay 207 completes a circuit from battery 
through the Winding of release magnet 204, 
middle springs of the off normal contact 211, 
back contact and armature of relay 201, back 
contact and armature of relay 200, contact and 
outer right-hand armature of relay 207 to 
ground. The release magnet 204 operates, 
to restore the brushes of the selector switch 
S. to their normal position. Similarly, a 
circuit is cornpleted from battery through 
the winding of release inagnet 222, upper 
contacts 224, back contact and left-hand ar. 
mature of relay 21.7, contact and left-hand 
armature of relay 220 to ground at the con 
tact and outer, right-hand a mature of re 
iay 216. Magnet 222 also operates to restore 
the brushes of the selector switch S. The 
release of relay 304 at the connector switch 
establishes a circuit from battery through 
the winding of the release magnet 308, con 
tacts 317 and 316, back contact and middle 
right-hand a "mature of relay 30i, back con 
tact and middle left-hand a "mature of re 
lay 304 to ground. The release magnet 308 
energizes and causes the release of the brush 
shaft of the connector switch. C. All ap 
paratus taken in connection with the es 
tablishment of the toll connection has now 
been completely returned to its ornal con 
dition. 

Calling subscriber's line busy. 
It will next be considered that the calling 

subscriber's line 330 has been rendered busy 
during the time that the toll connection is 
being obtained by the toll operator. Con 
sequently, the test brush 320 of the connector 
switch C on engaging the test terminal 321 
of the calling subscriber's line at the ter 
mination of units selection encounters a 
ground potential thereon. A circuit is there 
upon established from battery through the 
winding of relay 311, front contact and 
right-hand armature of relay 324, test brush 

60 

65 

320 to the grounded test terminal 321. Re 
lay 311 operates and locks up in a circuit as 
follows immediately that the slow to re 
lease relay 324 retracts its armatures: bat 
tery through the winding of relay 311, make 
before break contacts at the right-hand ar 
mattre of relay 324, back contact and right 
hand armature of relay 310, contact and 
outermost left-hand armature of relay 311 to 
the grounded conductor 327. Upon the next 
closure of the constantly rotating inter 
rupter 323, following the deemergization of 
relay 324. a circuit is closed from ground 
through the left-hand winding of coil 322, 
interrupter 323, inner left-hand arrnature 
and contact of relay 324, contact and middle 
left-hand arnature of relay 311, outermost 
right-hand armature and front contact of 

1,478,022 

relay 301, left-hand winding of relay 304 
to battery and ground. Relay 304 operates 
and locks in a circuit through its left-hand 
winding to the grounded conductor 327 and 
relay 304 opens the holding circuit of relay 
301. For each succeeding closure of the 
interrupter 323 a circuit is established over 
the above traced path to the oute most right 
hand armattire and back contact of relay 
30i, right-hand winding of relay 300 to bat 
tery and ground. 
When the toll operator has succeeded in 

obtaining the CIC party she depresses the 
key 138, as hereinbefore explained, and the 
relay 113 is caused to attract its armature 
to open the upper talking conductor. The 
opening of this circuit causes the deenergi. 
Zation of relay 305, as explained. Although 
relay 305 ret'acts its arratures it cannot 
apply ringing current to the calling sub 
scriber's line due to the fact that relay 311 
is holding the ringing circuit open at lts 
right-hand armatures. For each opening 
and closure of the interrupter 323, a current 
is induced in the left-hand winding of relay 
300 which ows over the nor; in a contacts 
at the outer left-hand armature of relay 
305 Over the upper talking conductor to the 
repeating coil 109. The repeating coil 109 
induces the current which is in turn trans 
mitted over the trunk 107, 108 to the toil 
operator's telephone receiver. The charac 
teristic sound produced in the toll opera 
tor's receiver notifies her that the calling 
Subscriber's line has been rendered busy 
as by being called by some other subscriber 
in the exchange. The toll operator there 
upon removes plug 100 from the jack 101 
which brings about the operation of the 
disconnect lamp 118 at the cordless opera 
tor's position in the manner hereinbefore 
discussed. The cordless operator caues the 
release of the switches S, S and C. 
The toll operator in mediately connects 

her telephone set to the order wire 610 and 
asks the cordless operator to set up the same 
connection to the calling subscriber's line 
and this time to provide. for seizing said line 
regardless of its busy condition. The cord 
less operatoi thereupon depresses the keys 
on her board in the manner previously 
explained and also actuates the no test key 
583. The key 583 completes a circuit from 3. 

ground through its contacts, upper right 
hand contact 455 (1) of the allotter switch 
AL, conductor 586, winding of relay 584 
to battery and ground. Relay 584 locks up 
on the following circuit as soon as the relay 
401 has become energized following the com 
pletion of the operation of the trunk finder 
switches: battery through the winding and 
right-hand armature and contact of relay 
584, conductor 440 to ground at the oute. 
left-hand arnature and contact of relay 
401. The first and second selector switches 
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S and S are again operated under the 
control of the register sendel' to extend the 
newly assigned irik 107, 108 through to 
the connector switch C. The co:);nector 
switch C is operated in its tens movemei: 
at which tire it will be recalled the Sender 
control switch is standing in position 5. 
When the tens register reaches its last posi 
tion, at which tile the est inpulse of the 
tens Series is being Sent, ind also in 
normal position of said register, a circuit is 
closed as follows for the continued 
tion of relsy 400: battery through the vina 
ing of relay 400. conductor 430, bush 58 
of the teas register, left-hand ar, 13ture air 
contact of relay 584, condictor 588, brush J'i 

. - a --, --, 588, herminai 589 to which the Sende: 
tes, 

energi Zia 

trol switch innediately adv O 
ground. The sender control switch 'enhain: 
in position 6 during the interval 'equired by 
the time measure switch T to advance its 
brush 54.3 to the first one of the coilinected 
termills , as hereinbefore explained. 
Duri time the relay 400 is being held 
energized and coinsequently elay 300 at the 
connector Switch is maintained deemergized 
to hold the stepping circuit. closed through 
the windings of relay 302 and magnet 303. 
The relay 307 is therei give: i.e. in 
which to release its armatures before relay 
300 can again become energized to close the 
circuit, for Sai 307. The deemergiza 

GS 

tion of 'elay 307 causes the closure of a cir 
cuit fron battery through the winding of 
relay 30, right-hand a 'nature and contact 
of relay 302, contact and left-hand ar: a 
ture of relay 307 to the grotided conductor 
327. Relay 310 operates and locks in a 
circuit from battery through its winding 
aid contact and left-hand airmature to : 
grounded coinductor 327. 
As soon as brush 543 reaches the first one 

control switch is advanced, as described, 
to position 7. Vhere units selection takes 
place. When the brushes of the connecto: 
switci are moved to the terrillas C. 

330, following the last 
is Operated aid io 
'eady discs 

is also };}e'3ted in a circuit lic 
through its winding, 
right-hand 8 innature of relay 32 
grounded test termial 321. Relay 31, 
leases, however, upon the deemergization of 
relay 324 since the previously traced circuit, 
for locking relay 31E is now opened at the 
back contact, and right-hand arin:ture of 
relay 330. Relay 304 is also actuated in a 
circuit from battery through the winding 
of cut-off relay 312, terminal 32:... brush 
320, 1'ight-hand ai'inature and back contac 
of relay 324, contact and innermost left 
hand arnature of relay 311, right-hand 
winding of relay 304, front contact and mid 
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from battery through the winding of the 
armature and contact of the allotter stepping 
magnet 424, upper right-hand contact 427 
(1 - 2) to ground through the fourth posi 

O 
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sender happens to be busy at 

tion terminal and brush 551 of the sender 
control switch. The allotter inagnet 424 op 
erates to advance the contact of the allotter 
switch into position 3. If the next register 

allotter switch continues to move into posi 
tion 5 by means of a circuit similar to the 
one traced for driving said switch into posi 
tion 3. Should the next register sender in 
order be idle, the allotter switch stops in position 5. 
key 126 is depressed by the cordless operator 
the grounded start conductor 135 is extended 
by way of the upper right-hand contact 425 
(5), and thence through the winding of a 
relay corresponding to relay 406 individual 
to the allotted register Sender. 
Should all the register senders be enraged 

simultaneously the circuit is completed horn 
battery through the Yinding of relay 534. 
conductor 432, contact 453, oute' right-hand 
armature and contact, if relay 402, thence 
through the Outer right-hand arisatures and 
front contacts of the relays correst) 
to relay 402 individual to the other l' 
senders to ground. Relay 534 becomes enei'. 
gized and closes a circuit trol battery 
through the windings of the key release pag 

Engling 

& nets 528, 529, etc. to ground at the front 
contact and armature of said relay. The re 
lease magnets are operated to insure that, 
none of the keys on the operator's keyboard 
can be locked in their actuated position 

able for use. Since all of the register send 
ers are busy the allotter switch 424 continues 
to advance from one allotting position to an 
other by means of circuits similar to the 
one described in detail until it reaches posi 
tion 13. In this position a circuit is coin 
pleted from battery through the winding 
and armature and contact of magnet, 424 to 
ground on the lower left-hand contact; 427 
(13 -- 17). The stepping magnet 424 there 
fore continues to operate until the Switch 

S. 

reaches position 18 where it comes to rest. 
When one of the register senders becomes 
idle the series circuit through the armatures 
and contacts of relay 402 is operatel and 
relay 534 becomes deenergized. Relay 524, 
at its armature and back contact, closes a 
circuit including contact 426 (18) to drive 
the allotter switch into its first allotting posi 
tion. The idle register sender is immediately 
found by the allotte and assigned. 
What is claimed is: 
1. In a telephone system, a subscriber’s 

line, a selective switch for extending con 
nections to the subscriber's line, a registe; 
Sender, an impulse circuit, a relay, means 
under the control of the register sender for 

this time the 

The next time an assignment, 

irri 
one of the register sender's becomes avail 

switch responsive to 
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operating said relay to send impulses ove: 
said circuit to operate said Switch, signaling 
means, means operative when the sub 
scriber’s line is found busy for rendering 
the signaling means effective, means con 
trolled by the register sender for altering 
Sponsive to such operation of said relay for 
placing said selective switch in condition to 
extend a connection to the subscriber's line 
regardless of its busy or idle condition 
without rendering effective said signaling 
e3S. . 

2. In a telephone system, a subscriber's 
line, a selective switch for extending connec 
tions to the subscriber's line, a register 
Sender, an impulse circuit, a relay, means 
under the control of the register sender for 
operating said relay to send impulses ove: 
said circuit to operate the selective switches, 
signaling means, means operative when the 
Subscriber's line is found busy for rendering 
the signaling means effective, means con 
{rolled by the register sender for causing a 
prolonged operation of Said relay, and means 
responsive to such operation of said relay 
for placing the selective switch in condition 
to extend a connection to the subscriber’s 
line when busy without rendering effective 
Said signaling means. 

3. in a telephone system, a subscribe's 
line. a selective switch for extending con 
nections to the subscriber's line, 2, register 
Sender, an impulse circuit, a relay, means 
under the control of the register sender for 
operating said relay to Send series of impulses 
over said circuit to operate the selective 
switch, signaling means, means operative 
when the Subscriber’s line is found busy for 
rendering the signaling means effective, it 
means controlled by the register sender for 
:ausing a prolonged operation of said relay 
between certain of said series of impulses, 
and means responsive to such operation of 
said relay for placing the selective switch in 
condition to extend a connection to the sub 
scriber's line when busy without rendering 
effective Said signaling means. 

4. In a telephone system, a subscriber's 
line, a selective switch for extending con 
nections to the subscriber's line, a register 
Sender, an impulse circuit, a relay, means 

the operation of said relay, and means re 

5 

SO 

9 () 

O 

under the control of the register sender for 
operating said relay to send series of im 
pulses over said circuit to operate the selec 
tive switch, signaling means, means opera 
tive when the subscriber's line is foilind busy 

20 

for rendering the signaling means effective, 
means controlled by the register sender for 
altering the Operation of said relay to send 
a comparatively long impulse over the im 
pulse circuit, and means at the selective 

Silch long impulse for 
placing said Switch in condition to extend a 
connection to the subscriber's line when busy 30 
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without rendering effective said signaling 
e.S. 

5. In a telephone system, a subscriber's 
line, a selective switch for extending con 
nections to the subscriber's line, an oper 
ator's position, a register sender, an im 
pulse circuit, a relay, means under the con 
trol of the register sender for operating said 
relay to send impulses over said circuit to 
operate the selective switch, signaling means, 
means operative when the Subscriber's line 
is found busy for rendering the signaling 
means effective, means controlled by the 
operator for causing the register sender to 
alter the operation of said relay, and means 
responsive to such altered operation of said 
relay for placing the selective switch in con 
dition to extend a connection to the sub 
scriber's line when busy without rendering 
effective said signaling means. 

6. In a telephone system, a subscriber's 
line, a series of step-by-step selector switches 
for extending connections to the subscriber’s 
line, a register sender, an impulse circuit, 
means under the control of the register 
sender for sending impulses over said circuit, 
to operate said switches, signaling means, 
means operative when the subscriber's line 
is found busy for rendering the signaling 

30 means effective, and means controlled over 

7 

the impulse circuit by said register sender 
for placing the final one of said switches 
in condition to extend a connection to the 
subscriber’s line regardless of its busy con 
dition without rendering effective said sig 
naling means. 

7. In a telephone system, a subscriber's 
line, a step-by-step selective switch for ex 
tending connections to the subscriber's line, 
a register Sender, an impulse circuit, a relay, 
means under the control of the register 
sender for operating said relay to send im 
pulses over said circuit to operate the Switch, 
signaling means, means operative when the 
subscriber's line is found busy by said switch 
for rendering the signaling means effective. 
means controlled by the register sender for 
altering the operation of said relay, and 
means responsive to such operation of said 
relay for placing the selective switch in con 
dition to extend a connection to the sub 
scriber's line regardless of its busy condi 
tion without rendering effective the signal 
ing means. 
In witness whereof, we hereunto subscribe 

our names this 17th day of December A. D., 
1920. 

WARREN. W. CARPENTER. 
HENRY HOVLAND. 
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