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o all thon, it in?tij confern; . . 
Be it known that I, EDWARD C. MoLINA residing at East Orange, in the county of 

Essex and State of New Jersey, have in 
5 yented certain improvements in Control ling Apparatus for Telephone Switching 
Systems, of which the following is a specifi 
cation. 
This invention concerns telephone sys 10 tems in which both manually operable 

switches and mechanical switching appara 
tus are employed in the connection of call 
ing and called lines, said mechanical or se lecting apparatus being governed in its 

15 movement by controlling apparatus; this 
latter having key mechanism upon which 
the operator registers the number of the de 
sired line, and transmitting mechanism, act 
ing in accordance with such registration, 

20 and in synchronism with which the selecting 
apparatus moves. It takes considerably 
longer for such controlling apparatus to 
complete its operation than it does for the 
operator to perform all the acts attending 

25 each connection, consequently if provided 
with but a single controller her efficiency 
may be decreased by periods of enforced 
idleness. To remedy this it has been pro 
posed that two complete controllers be as 

30 signed to each operator, with means for 
rendering either available for use when idle. 
Such an arrangement, however, necessitates 
the putting of two keyboards before the 
operator, lessening the already limited space 

35 within which it is feasible to place the 
manual switches. It also has the effect of 
dividing the attention of the operator be 
tween alternative pieces of apparatus, re 
quiring consideration as to which shall be 

40 used and tending to put a drag upon the 
work. 
The present invention improves these con 

ditions by providing a single primary con 
trolling apparatus having its registering de 

45 vices or keys before the operator, and which 
is adapted to govern a plurality of second 
ary controllers which directly determine 
the movement of the selecting apparatus. 
That one primary controller may thus serve 

50 a plurality of secondary controllers is due 
chiefly to the fact that I arrange the con 
trolling sections of the former to operate 
simultaneously, while those in the latter act 
successively. . . . . . . . . . . . . 

My invention further consists in simpli fying the controlling apparatus by causing 
a single switch or transmitting mechanism 
to serve a plurality of series of keys or regis 
tering means. - 
In the accompanying drawings, Figure 1 

represents diagrammatically one embodi 
ment of my primary controlling apparatus, 
With a portion of a secondary controller con. 
ventionally indicated; Fig. 2 illustrates dia 
grammatically and in detail a secondary con 
trolling apparatus; and Fig. 3 shows a dia 
gram of an operator's cord circuit, together 
with a chain of selecting apparatus connected 
there with; it also includes another portion 
of the secondary controller already referred 
to in connection with Fig. 1, 

In telephone exchange systems of the class 
previously mentioned the lines l, l?, with 
their third conductors l, of substations of 
which two, a, a are illustrated, extend to answering jacks J located at a central station 
and furnishing one element of manually 
operable Switching means. A suitable 
group of these jacks is situated at the posi 
tion of each operator, who for the purpose 
of answering calls is provided with a num 
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ber of connecting or cord circuits C, one, 
only, of which appears in Fig. 3 of the 
drawings. The main or talking strands 
L', L', of each cord and the third con 
ductor, beginning with a portion I, are con 
nected to the tip, ring and sleeve, respec 
tively, of a plugp for coöperation with the 
jacks J and completing a portion of the man 
lai switching means. 

Associated with the cord circuits, in the 
present instance being ioined thereto by 
leads L and L° extending from the 
strands Li' and L', is mechanical switch 
ing apparatus serving to select the wanted 
line and unite it to the cord, and therefore 
to the calling line. This selecting appa 
ratus preferably consists, in the main, of 
rotatable switches acting successively, the 
number of switches in the series depending 
upon the character and magnitude of the 
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Symbols employed to designate the sub- . 
Scribers. In the present case it is assumed 
that numbers are used and that these may 
include four digits, and for selection for a 
line thus designated three classes of 
switches are provided, represented at S0, 
S. and S", the first or primary selector 
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S" picking out the thousands group, the 
second selector S' the hundreds group, and 
the third selector or connector S' the teis 
group and then the units terminais therein. 

5 Similar apparatus arranged in the same 
general manner is familiar to those skilled 
in the art and therefore need not be particil 
larly described. It is only essential to this 
invention that there shall be some selective 

le apparatus and a very simple organization 
has been shown, Of the details of this sys 
tem it merely will be stated that the switches 
S2, S80 and So have sets of three revolulole 
contact members or arms 3', S', s' 8", s'. 
s88, s', s', s, respectively, suitably inout 
ed upon supporting shafts and propelled 
step by step over fixed terminals s°*, *, 8 
by ratchet mechanism, operated iy motor 
magnets M20 and M8 in the switches S, 
S80 and by long and short step notor mag 
nets M9 and M, respectively, in the con 
nector S9. The arms are held in the posi 
tions to which they are advanced by retain 
ing mechanism operated by laagnets ti, 
H30, and H10. Leads LP, L, L88 and L'il, 
L49, L8 unite the terminals of S90 and S80 to 
the next group of switching apparatus of 
the series, while the substation lines are muti 
tipled to the terminals is of the connector's 
and to the answering jacks, as is shown in 
connection with substation (a' in Fig. 3. 
At the position of each operator is means 

for controlling the movement of the select 
ing apparatus to cause its allins to colue to 
rest upon the proper terminals. This con 
sists of primary and secondary apparatus, 
the former for manipulation by the oper 
ator, while the latter is governed by the 
rimary apparatus, and in turn directly af 

40 fects the selectors. But, one primary con 
troller T is supplied for each position, while 
there is a plurality of Secondary apparatus, 
the number of these depending upon the 
rate at which the operator works and the 
relative time of operation of the primary 
and secondary controllers. Two secondary 
apparatus U, U have been shown, with 
means for automatically placing the pri 
mary apparatus upon the completion of its 

50 action in operative relation with the sec 
ondary apparatus which is then idle. 
The primary controller has series of con 

tact devices, conveniently in thc form of 
keys for actuation by the operator, there be 
ing in the present instance four series each 
often keys, corresponding to the thousands, 
hundreds, tens and units digits and desig 
nated by the characters K, X, K and 
K9', respectively. The keys may ice locked 
in their depressed position by bars - and 
released therefrom by the attraction of lag 
nets h. Each series of keys gover is a 
switch mechanism by which the conditiol: 
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bodiment of the invention one switcl is 
inade to serve two sets of keys, the thou - 
sands-hundreds starting switch S having 
its eleven fixed contacts s, over which the 
arm is sweeps, multipled by conductor's 1:25 
and 148 to contacts in the keys K" and is , 
while the tens-units starting switch S has 
terminals s' and an arm s' similarly re 
lated to the keys IX, K'. Thus each sec 
tion of starting electromechanism corre 
sponds to a plurality of groups of symbols 
in a single line designation, that is, to a 
plurality of movements of the selecting ap 
paratus. In both switches S and S' there 
are eleven contacts with but ten digit keys 
in each series, because the thousands key 
0 K7 and the tens key 0 K are required 
to produce a movement of the resister 
switches, to be later described, from their 
initial position to their Zero contacts. 
the other hand, the hundreds and units keys 
0 K, 0 K effect no movement, since the 
thousands and tens keys will have already 
caused the stopping of the register switches 
upon the contacts to which they correspond. 
Therefore, the first of the contacts s, s: 
are joined only to the Zero hundreds and 
units keys, l'espectively, upon which the 
arms s”, s" are normally resting, and the 
Zero thousands and tens keys are nultipled 
with the one hundreds and units keys, respec 
tively to the second contacts, and so on 
throughout the series. These starting 
switches S5 and S9 are of the sane charac. 
ter as those of the selectors, having motor 
magnets M9, M9 and retaining magnets 
H', H', functionating in the same manner. 
Of the secondary controllers but one, ). 

is shown in detail in Fig. 2. U" being a 
duplicate of it is indicated by portions of 
rectangles in Figs, 1 and 3. These second 
alry apparatus are connected in multiple to 
the primary controller by leads L. 9. 
L9, IA. Lot. I 09. Each of the secondary 
controllers has, instead of the manually op 
ei'able registering means, electromechanical 
register's furnished by switches S5 and S". 
the pairs of contact arms s, s and s”, st 
of which are advanced simultaneously by 
long step motor magnets Ms. M9, under the 
control of the starting switches S and S60 
as determined by the depressed thousands 
and tens keys, and then simultaneously in 
short steps by motor magnets M and Mt. 
controlled by the same starting switches as 
deterluined by the hundreds and units keys. 
In either case retaining maglets is and IT." 
act to hold the arms at points to which they 
have been moved. The arms , s each co 
operate with ten fixed termials w8, s', each 
substantially equaling in extent one tently of 
the total movement of the aris. As illus 
trated ten terminals separated by spaces 

registered upon said keys is transmitted to equivalent to the short steps produced by 
a secondary controller, in the present em- the magnets MI and M9 have been strapped 18 
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together to furnish these longer terminals, 
These fixed contacts s, s' are successively 
conjected by conductors 75 and 77 to ten 
terminals s” and s” of sending switches 
So and S90. The sets of fixed terminals 
s' and s' over which the arms s and s' 
pass are each one hundred in number and 
are multipled in groups of ten, each group 
comprising one of the first ten terminals 
and every tenth terminal thereafter. The 
multipled groups are joined in sequence by 
conductor's 76 and 78 to the ten terminals 
s”; and s” of sending switches S and 23{ S236. 
of the four sending switches are caused to 
travel over series of the ten active E". als so, sil, s, s°81 by motor magnets Moo s 
M9, M9, M-89 and.retained under the in 
fluence of magnets H20, H20, H20 and H989. 
These sending switches transmit to the se 
lectors, by means of leads L., L* and Li 
connected in multiple to all the cord circuits 
of an operator using this controlling appa 
ratus, the condition registered by the 
switches S8 and S9. A main battery lead 
LS, indicated in heavy dotted lines, is also 

is ultipled to the cords from the secondary 
controller U only. It will be noted that 
there is a section of sending mechanism for 
each group of symbols in a single line desig 
nation or each selective movement, and, as 
will hereinafter appear, 
sively. - . 

The mechanisms which have been de 
scribed are the more important ones of the 
systein viewed in the light of the present 
invention. Certain minor or secondary 

they act succes 

mechallisins and elements will now be men 
tioned and their principal functions briefly 
stated. . 
Bridged across the strands L° and L?? of 

the cords between the sections of the usual 
repeating coils e is the common battery B 
with its positive pole grounded. This for 
convenience in illustration has been shown. 
in varie is places and designated by differ 
elt reference characters, as has the pulsator 
by which the battery current is rendered in 
termittent. Each cord circuit includes a 
key X, which when thrown to the right, as 
see)), in Fig. 3, connects the operator's tele 
lice set i to the strands L., ii' and at 
the sailie tin)e initiates the action of asso 
ciating the cord with a secondary controller. 
... lite signal or lamp O is situated in 
groximity to each answering iack J. being 
controlled by the well known line and cutoff 
relay's R., iii. The cords contain the usual 
supervisory airi)s O' and O8 with their re 
lays laid R. In addition to the super 
visory relays each cord has relays R12, R18 
and R. ''he first, when the operator has 
lugged into a jack, establishes a ground 

coj}}}ection upon which depend the auto 
65 nati ciperations of the cord alone and in 

be 

The contact arms s°09, s2, s290 and so 

transmitted, relay Ri 
motor magnet M of the switch S50 from 
switch Ss; (2) - 
thousands keys thereby releasing the hold 

'ing magnet H', in order that the Switch S50 

switch Ss. 

conjunction with the various selectors. The 
second associates the calling end of the cord 
with an idle secondai'y controller and main 
tains said association until the controller has 
finished its operation. Relay R determines 
which of the two secondary controllers shall 

associated with the cord by relay R. 
In the primary controller T relay R79, as 

soon as a secondary controller has locked 
itself to the primary controller, as will ap 
pear hereinafter, opens the initial circuit by 
which it would be possible for another sec 
ondary controller to become associated with 
the primary and closes momentarily the cir 
cuit of the key release magnetish. The start 
ing switches S and and S9 have, respec 
tively, relays R. R. R., R and relays 
R9, R', R., R. After the pulses governed 
by the depressed thousands key have been 

(l) disconnects the 
the long step motor magnet MS" of register ar 

(2) removes ground from the 

may return to its normal position before 
operating in conjunction with the hundreds 
key; and (3) prepares the circuit by which 
relay R' will be energized. Relays R and 
R* together associate the switch S with the 
hundreds keys and the motor magnet M59 
with the short step motor magnet M of 
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Relay R', after pulses corre 
sponding to the hundreds digit of the called 
number have been transmitted, opens the cir 
cuit of motor magnets M and Ms. Relays 
R9, R, R and R act similarly with re 
spect to the keys K" and K, the starting 
switch Sand the register switch S90. Fur. 
thermore, relays R and R. unlock the sec 
ondary controller from the primary coin 
troller after the latter has completed its 
operation. - 

Each of the secondary controllers includes 
relays R. R. and R5, asid in these con 
trollers the sending switches have relays 
R20), R202: R211, Reid: R22, R222; and R28. 
in addition, each of the retaining magnets 
of these switches serves to close a contact 
device. Relay Restablishes the connection 
of the battery with the lead LS upon which 
all the operations of the secondary con 
troller depend, and closes one link in the cir 
cuit which associates a secondary controller 
with the primary controller. Relays IRS and 
R lock the secondary controller to the 
primary controller and connect the 
motor magnets of the register switches 
S and S to the corresponding no 
tor magnets of the primary controller 
starting Switches S, S". The contact, de 
vice of each retaining magnet closes the cir 
cuit of the motor Hagnet of its switch. Re 
lays R. R., R* anti Re8 open said cir 
cuits when desired number of current in 
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pulses have passed. Relays R;90°, R., R. to ground through conductor 10, winding of 
initiate the operation of the succeeding Send 
ing switch. 
As to the primary and Secondary Selecting 

switches S40 and S30, in the former, after mo 
tor magnet M has received through its 
winning the series of impulses for the thou 
sands digit of the desired number, a relay 
R89 (1) locks itself in series with the retain 
ing magnet of Switch S*, thereby applying 
the retention pawl of this switch; (2) cuts 
out of the circuit the motor magnet M ; 
and (3) closes one link of the desired con 
nection by extending the leads L* and L* 
to the leads L8 and Li'. A relay R89, in 
connection with the selecting switch S3 
effects results which are exactly analogous 
to those accomplished by the relay R. 

in the connector S', after the motor mag 
net M has received the actuating pulses 
or the tens digit of the desired number, the 
energizing of a relay R', which in turn 
energizes relay R', causes the substitution 
of the short step motor magnet M for the 
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long step motor magnet M and prepares 
the circuits, for the operation of a relay R. 
The last named relay after the motor mag 
net M has received the units pulses, upon 
attracting its armatures (1) locks itself 
in series with the cut-off trelay of the selected 
line; (2) cuts motor magnet M out of the 
circuit; and (3) closes the last link of the 
desired connection by extending the leads 
L'il and Li to the links of the wanted line. 

Besides the contacts of the relays which 
perform the operation just mentioned, there 
are throughout the system other contacts 
forming a part of the various switches, some 
termed 'normal’ contact devices which ai 
closed when the switch arms are in their 
initial position and open immediately upon 
movement, and other “off normal’ devices 
closing when the travel of the arms begins. 
There are additional contacts associated with 
the 'etaining magnets. None of these need 
here be described, since when their operation 
is of any importance with relation to the 
present invention it will be made clear in 
tracing the circuits of the system. . 
The operation of the improved system will 

now be described, stating in detail the con 
ductors and contacts making up the circuits 
involved. w 

The subscriber at substation a, upc; re 
moving the receiver from its hook, energizes 
the line relay R, thereby closing a circuit 
from battery B to ground through conduc 
tor 9 and the line lamp O. In response to 
this signal the operator inserts the plug p 
of one of the cords C into the jack J of the 
calling subscriber's line. This act on the 
part of the operator results in the energizing 
of the cut-off relay R2, cord relay R4 and 
supervisory relay R by the simultaneous 
closing of two circuits, one from battery B' 

relay R', third conductor l of the calling 
subscriber's line, thimble of jack aid sleeve 
of the plug P, third conductor of the card, 
Springs 13 and 14 of the listening key EX, 
conductor 15 and the winding of relay R.: 
and the other from the free pole of battery 
B through windling (3 of the repeating coil 
c, strand E.' of the cord, winding of super 
visory relay R", ring of the plug and c(i. 
Operating spring of the jack, in) l of the 
line, the substation set at (t, the other limb i. 
of the line, spiring of the jack and is of the 
plug, lead i? aid winding 17 of the repeat 
ing coil to battery. The energization of re. 
lay R disconnects relay R from the line, 
therefore extinguishing the lamp (), while 
relay R opens the circuit of supervisory 
lamp O' to prevent it from tighting. Relay 
R* completes two circuits, the first from 
ground through its armature 20, conductor 
21, all nature 22 and its' back contact, in St. 
pervisory relay R and lamp O3 to battery 
B", lighting stid lamp; while second 
circuit is from ground through spring 25 of 
relay R, conductor 26 and winding of the 
retaining naret H of the thousands se 
lecting switch S3 to battery 3", thereby 
energizing the magnet. 
The operator throws the key K into the 

listening position, connecting lieu telephone 
set b with the talking leads and of 
the cord at the contacts 27: 27, aid closing 
a circuit from battery 13 through one wind 
ing of relay R. conductor 27, springs 2S and 
29 of key K, conductor 30, normal contact, 
device 31 of switch S?", conductor 26 and 
spring 25 of relay R* to ground. This ener. 
gizes the relay R8, the arnatures 3-1 aid 3: 
of which disconnect leads Li and , from 
the stands ? and L of the cord at the 
Springs 34° 33' and join the leads to conduc. 
tors 36 and 37. Armature 35 of relay R1, 
contacting with its spring 35 competes a 
circuit from ground through a 'nature 3S (f 
relay R', conductors 39 and 40, second wint 
ing of relay R, conductor 41, armature 42 
and its back contact, in relay R4, lead Li of 
the secondary controller J, winding of relay 
R", back contact and armature 242 of relay 
R8 to battery B". This circuit energizes 
relay R and makes relay R3 independent 
of the circuit established by the springs 29 
and 28 of the key K. Armature 50 of relay 
Ri connects battery B15 to the main lattery 
lead L8 of the secondary controller T. 
From this lead current then flows to ground 
through the winding of the retaining mao 
nets H0 and H99 of the register switches S80 
and S. Assuming that the primary con 
troller T is not at this time coöperating 
with the secondary controller U" in the es 
tablishment of some other connection, cur 
rent wili also flow from the main battery 
lead to ground through armature 51 of relay 
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et introller with the primary cont!" iller, it is 

inction with controller U has 'in oit, and 
by the release of relay R". The inclusion of 

1,114,174. 

R", conductor 52, normal contact device 53 
of the switch S', conductor 54, normal con 
tact device 55 of the switch SS", conductor 
56, one winding or relay Rs, lead Loi of the 
priliary controller, armature 101 and its 
back contact in relay R', conductor 102, 
normat contact device 103 of the starting 
switch S", conductor 104 and normal contact 
device 105 of the starting switch S30. This 
circuit operates relay R, which separates 
its armature 58 from its back contact and 
closes the front contact of its armature 59. 
A circuit, which locks relays R. R. and 
R" is completed at the front contact of 
armature 59 from battery B through the 
winding of relay R', second winding of re 
lay R, lead L", winding of relay R", con 
ductor 106, and then to ground in two direc 
tions--through the back contact and arma 
tire 107 of relity R'' and through the back 
contact and armature 108 of relay R*. 
Thereupon relay R closes the front contacts 
of its springs and armature {3, 62, (33 and 
6-4, connecting the secondary controller J 
with tie primary centroller T, while relay 
R" opens the back contact of its armature 
101, closes the 'ol tact between al'mature 
109 and spring 110 and opens the resting 

As the armature 1() of relay IR consti 
tuted a part of the initial circuit by means of 
which relay R of the secondary controller 
it was enabled to associate said secondary 
evident that the correspoiling relay (f the 
secondary controller U cannot be energized 
intil the series of operations which the 
primary controller has to execute in con 
the contact (if a 'mattie 101 is again closed 

the front contact of armatic 5) of 'elay 
R’ in this initial circuit provides for the 
association of the secondary conti'oller with 
the cord circt it be fire the primary con 
t’t lie!' is joined to it, while the ()')al ("on 
t - 

};th register switches insilies that the pre 
i? isly litex iliary and seconclai'y ("on 
'illers shall both have coulleted their op 

e's tit}} efore the new association occurs. 
Stein airisatire 109 of relay R.?" makes con 

tact with its spring cirrent will ninentarily 
flow frt in the atteries; 13° to g’ond 
throiigh the windings of the key release 

::::re?s had coi) it: ; or 1 1. These prises 
of 'il '!'e; resilt in the 'elease of any digit 
key whic' li:ly have cen accidentally de 
ressed since the preyiotis 'll registered by 

the (pei'ator. 
Wiile the as: :(liation of the controlling 

systei) with the 'old is not a part of my ill 
veiti, it will lie briefly stated what occi's 
when the secondary controller U is still in 
ise at the line the operator places the pig 

5 

p in the jack J. In this case there will be a 
circuit from ground through armature 38 
and its front contact in relay R', conductor 
39, spring 35 and its resting contact in relay 
R", conductor 39 and one winding of relay 
*'' to the main battery lead List of the sec 
(ondary controller U, to which battery B is 
still joined by relay R. This energizes re 
lay R', disconnecting by its armatures 42, 
43 and spring 44 the conductors 41, 37 and 36 
from the leads L., L8 and LS9 of the sec 
ondary controller U and uniting them with 
the corresponding leads of the secondary 
controller U. Then when relay R operates 
as a result of the movement of listening key 
K, relay R is kept energized by a circuit 
from ground to battery through conductor 
39, spring 35 and armature 35 of relay R8, 
conductor 40, second winding of relay R*, 
conduito' 41, armature 42 and its front, con 
tact in relay R', second winding of said 
relay, lead Li to secondary controller U. 
and winding of relay R of said controller. 
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This secondary controller then proceeds to . 
pick up the primary controller as has been 
described in connection with controller U. 
The controlling system being thus asso 

ciated with the cord circuit, it is ready for 
the registration by the operator upon the 
keys of the primary controller of the num 
ber of the desired line. Assume now that 
“ 1921. is the number called for by the 

'son at substation (t, thereupon the op 
(rator depresses the thousand key, 1 K", the 
hundreds 9 K, the tens key 2 K" and the 
inits key 1 K of the primary controller T. 
The depression of the thousands key closes 
a lath from lattery B" through the wind 
ing (; f. retaining magnet II" of the stating 
switch S", conductor 1 12, spiring 113 and its 
back contact in relay R', conductor 114, 
springs 115 and 116 of the key 1 K, con 
dictor 117, spring 11S and its resting con 
tact in relay R", conductor. 11; and spring 

() anal ariature 109 of 'elay R" to 
t gro incl. 

it device: of litth stating switches asl This circuit energizes the retain 
ing magnet II", which, in turn, not only 
a pilies, the paw to the switch mechanisin, 
lit, y closing contact device 120 establishes 
: 

through the winding of notor magnet M" 
of the to sands-hindreds starting switch, 
conductoi' 121, armative 122 and its back 
(; ) tact in clay li”, lead "", spring (33 and 
its front contact, in relay R', concitictor 71 

circuit from it sator l’" to ground 

and the winding of motor magnet M" of 
the thoisancts-hundreds register switch. 
'The notor ignets M" an M" will now 

siltaneously to advance the operate 
switch arms s”, s', & each time the pulsa 
to it':ns its (irrell, throigh the circuit it st 
traced. When two in pulses have been sent 
a circuit, will be closed at the arm of switch 
S" at its; third contact from battery B. 
through one winding of relay R' conductor 
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123, conductor 125, springs 126, 115 and 116 
of key 1 K' and thence to ground through 
conductor i17, spring 118 of relay R', con 
ductor 119 and spring 110 and armature 109 
of relay R". This results in the energizing 
pf relay R', which opens the back contact of 
its armature 122 and separates the spring 
118 from its resting contact, and also closes 
the front contact of armature 122 and that 
between armature 128 and spring 118. Open 
ing the back contact of armature 122 breaks 
the circuit through motor magnets M and 
M", stopping the arm s of the register 
switch SS at the beginning of the second 
active contact s', or that corresponding to 
the thousands group, while the arm s is 
upon the eleventh active contact s. The 
contact of the armature 128 with its spring 
allows relay R' to lock itself by a path 
from battery B to ground through its sec 
ond winding, conductor 119 and spring 110 
and aranture 109 of relay R. Since the 
resting contact of the spring 118 formed 
part of the circuit by which retaining mag 

5 net. H" was operated, this magnet will now 
be deinergized so that contact device 120 
will be opened and the holding pawl of the 
switch S" removed, allowing the arms' to 
return to its initial position. 
As soon as the thousands-hundreds start 

ing switch is on its first contact a circuit is 
closed from battery B, through resistance 
129, normal contact device i30, conductor 
131, winding of relay R', conductor 33, 
armature 128 and spring 118 of relay R' 
and thence to ground through conductor 
119 and spring i0 and armature 109 of re 
lay R. On operating the relay R' opens 
the back contact of its spring 113 and closes 
its front contact and that of armature 134. 
The path from the winding of relay R* to 
battery B' through conductor 131 and re 
sistance 129 is now shunted by a 
through armature 134 of relay R', con 
ductor 135 and winding of relay R to bat 
tery B. This shunt serves the double pur pose of energizing relay R and preventing 
the déenergization of relay R' by the open 
ing of contact device. 130 upon the second 
operation of switch SP, which will immedi 
ately take place, now in connection with 
the hundreds keys. Relay R closes the 
front contacts of its armatures 136 and 137 
and of spring 138. Current will thereupon 
flow from battery B through the winding 
of the retaining magnet H, conductor 112, 
spring 113, and its front contact in relay 
R, conductor 139, springs 140 and 141 of 
the depressed hundreds key 9 K', conductor 
t42 and front contact and armature 136 of 
relay R* to ground. As before, on operat 
ing, the retaining magnet II" applies its 
pawl to the switch S and closes the contact 
device 120, the latter completing a circuit 
from the pulsator l’ to ground through the 

path, 

5,354,172. 

winding of motor magnet M, conductor 
12, al'mature l22 and its front contact in 
relay R', conductor 143, the spring 138 and 
its front, contact in relay R', conductor 144, 
back contact and armature 145 of relay R*, 
lead ill", a tinature 64 and its front contact 
in relay R', conductor 72 and the winding 
of motor magnet vs. Motor magnets M5. 
and it will now be operated in synchro 
hism from the pulsator P over the circuit 
just traced. After the passing of nine cur 
rent inpulses, a circuit will be closed by the 
arm of the starting switch S0 and its tenth 
contact, from battery B through the wind 
ing of relay R', conductor 146, front con 
tact and a nature 137 of relay R', con 
ductor's 14, 123,125 and 148, springs 150, 
140 and 14 of the depressed hundreds key 
9 is, conductor 142 and the front contact 
and armature 136 of relay R* to ground. 
Relay R immediately operates and breaks 
the circuit of motor magnets M0 and M8 
by opening the back contact of its armature 
145. Relay also opens the back contact 
of its arnature 108, but this has no effect 
until the relay R of the starting switch S90 
operates. 

Considering the register switch S89, as 
previously pointed out two pulses of current 
were transmitted through the winding of 
the long step noto: magnet M and now 
hine pulses have passed through the wind 
ing of the short, step magnet yi', thus 
bringing the aria is to rest, upon contact 
Illii )(''et is at the ai'i g on a similar 
position in its coliticis by two series {{ 
steps-two long steps to the eleventh contact 
latnubered ten and nine short steps from said 
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contact to the contact numbered nineteen. 
The arm s is now at the end of its second 
contact. Since both of the register arms 
are connected to ground it is clear that by 
means of conductor's 75 and 76, ground has 
i}ees established on the contacts of the thou 
sand sending switch S and hundreds send 
ing styitch S" at points that correspond to 
the thousands digit (he and the hundreds 
digit 9 of the desired number “ 1921. 

it will be obvious without detailed ex 
1. planation, that y a Series of operations 

analogo is to those in which the depressed 
thousands and hundreds keys successively 
coöperated with the starting switch S in 
(iriving the arms of the register switch St 
to positions corresponding to the conditions 
represented by said depressed keys, so the 
tens key 2 is and the units key 1 K, 
siltaneously with the thousands-hundreds 
registration, will hive coöperated with the 
stating switch S in driving the arm 8" 
of the register switch S" to t! a twenty 
sectiid contact s' limbered , , enty-one, 
while the arm s' rests at the beginning of 
its third contact. That is, motor magnet 
M will have first operated three times in 
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conjunction with magnet M9 and then once 
with magnet M9. Thus, by means of the 
conductors 7 and 78 ground has also been 
established on the contacts of the tens send 
ing switch S2’ and the units sending switch 
S* corresponding, respectively, to the tens 
digit two and the units digit one of the num 
ber called for. It sould be noted that there 
is no necessary sequence between the opera 
tions controlled by the two starting switches. 
Their time of completion depends entirely 
on the relative magnitude of the digits of 
the desired number and the order in which the operator depresses the keys. 
As inereinbefore described, relay R is 

energized when the switch S has finished 
its series of operations, likewise relay. R' is 
energized when the switch S has per 
formed its functions. Therefore, when both 
switches have operated, the two paths to 
ground from conductor 106 are opened at 
the armatures. 108 and 107 of relays R* and 
R", respectively. This results in the decin 
ergization of relays R and Ranel also of 
relay R, since the initial circuit for the 
last named relay depends upon the now open 
normal contact devices of the registering 
and starting switches. The release of re 
lays R and Rs disconnects the secondary 
cintroller ti from the primary controller. 
Relay R0 on release closes the contact of 
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armature 101 and the Festing contact of the 
spring 11.0 and opens the contact between 
the spring and arinature 109. Since the re taining magnets and relays associated with 
the starting switches S and S all depend 
upon the path to ground through conductor 
19 and the contact of the spring and a 'na 

ture, said magnets and relays are deiner 
gized and the arms sands' return to their 
normal position. While the spring 110 mo 
inentarily touches both its resting contact 
and the armatire 109 current fows through 
the key release magnets h freeing the cle 
pressed digit keys. The primary controllet 
is now ready for coöperation with the Sec 
condary controller U, the operation of the 
controller U, after its register switches have been properly set, going on independently, 
as will now be described. 
The release of relay Rt of the secondary 

controller T closed a path from ground 
through the of normal contact device 80 of 
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register switch St, conductor 81, back con 
tact and armature 58 of relay R', conductor 
82 and winding of retaining magnet il" 
of the thousands sending switch S" to 
the nain lattery lead . Magnet II", be 
ing energizel, applies the retention pawl of 
the switch S2 and also closes the contact 
device 202, giving a path from pulsator P' 
to ground through the winding of inotor 
magnet M, conductor 201, back contact 
and ariatire 203 of 'clay R', lead II, 
back contact and armature 43 of relay R', 

conductor 37, armature 34 and spring 34 
of relay R', lead L', spring 45 and its back 
contact in relay R* and the winding of 
motor magnet M? of the thousands selector. 
Until this circuit is opened motor imagnets 
M800 and M will operate in synchronism 
on each pulse of current transmitted by the 
pulsator. When two pulses have passed the 
arm so of the switch. So alives at the 
ground established through conductor 75 
from this ground are then closed, one 
through the arms', conductor 205 and the 
winding of relay R89 to the battery lead 
L, and one through said arm, off nonnai 
contact device 20ts of switch S', armature 
207 and its back contact in relay R, lead 
LS9, back contact and spring 44 of relay R', 
conductor 36, armature 33 and spring 83 of 
relay R', lead L', conductor 46, resting con 
yet and spring 46 of relay R', conductor 
17, winding of relay R*, arms of switch. 
S?", lead Li and the winding of retaining - 

magnet H of the hundreds switch S to 
battery B. . Relay R, energized by the 
first circuit, opens the back contact of its 
armature 203 and closes the front contact of 
armature 209, thus breaking the circuit con 
taining the motor magnets M90 and M and 
energizing relay 202 by current from the 
main battery lead. The opening of the 
motor magnet circuit stops the travel of the 
arms of switches S90 and S', the latter with 
its arms upon the set of terminals s' con 
nected to an idle hundreds switch S in the 
second thousands group. The relay R80° is 
designed to operate sluggishly in order that 
it will not open the back contact of its arma. 
ture 207 before the relay R' functionates. 
Relay R' now energized by the second cir 
cuit from ground at the registe' arm, closes 
the front contacts of spring 45 and armature 
49, opens the back contact of the former and 
connects conductor 47 directly to ground 
through spring 46 and armature 469. This 
render's the winding of relay R independ 
ent of the ground at the register switch 
picked up by the arm of the sending switch 
S909. The retaining mechanism of the hun 
dreds selector is operated by the same cir 
cuit. 
When the armattire 207 of sluggish relay 

R°9' has closed its front contact, a path is 
obtained from ground by arm s to battery 
lead I through off normal contact device 
206 of the switch S90, conductor 211, and the 
winding of retaining magnet H of han 
dreds switch S. In precisely the same man 
ner as has just been explained, the hundreds 
selector S8 governed by the sending switch 
S910 picks oit an idle connector S4 at which 
terminates the line of the desired substa 
tion. . . . . ' 

After the sluggish relay R21 of the han 
d'etis sending switch, acting as did the re 
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lay R of the thousands sending switch, 
has opened the back and closed the front 
contact of its armature 218, magnet H of 
the tens sending switch applies its retention 
pawl and closes contact 224, establishing a 
circuit from pulsator P* to ground through 
winding of motor magnet M', back contact 
and arinature 225 of relay R', conductor 
226, lead Li, back contact and armature 43 
of relay R', conductor 37, armature 34 and 
spring 34° of relay R, lead L*, spring 45 
and its front contact in relay R", arms of 
the thousands selecting switch S, lead Li, 
spring 300 and its front contact in relay R89, 
arm s of the hundreds selecting switch 
S8", lead L', spring 400 and its back contact 
in relay R', conductor 401, armature 402 
and its back contact in relay R', conductor 
403 and the winding of the tens or long step 
motor magnet A. Said motor magnet with 
that of the sending switch S' will be op 
erated synchronously from pulsator P*. 
When three pulses have been transmitted 
the arms' of switch S' closes two circuits 
from the ground established through the 
conductor 77 by the arm s' of the register 
switch S-One through the winding of re 
lay R* and conductor 227 to battery lead 
L*, and the other through the 'off normal 
contact device 228, armattire 229 and its 
back contact in relay R', conductor 230, 
lcad Li, back contact and spring 44 of re 
lay R', conductor 30, a nature 33 and 
spring 33 of relay R, lead L*, armature 
49 and its front contact in relay R', arm 
s' of switch S, lead L*, arnature 304 and 
its front contact in 'clay R', arms of the 
switch 8", iead ', armature 405 and its 
back contact in 'elay it", conductor 406 and 
the winding of relay i' to battery B. 
Relay R*, energizes by the first circuit, 
opens at its armature 225 the circuit, con 
taining motor magnets Mi' and M', stop 
ping the arms of the connector at the be 
ginning of the tens sections sought. At itsar 
nature 23i, this relay operates sluggish re 
Jay R999. Relay R9, included in the second 
circuit, closes the front contact of its arma 
ture 407 and thus locks itself to ground 
through the winding of relay R' conductor 
408 and off normal contact device 409 of 
switch S40. This path through the winding 
of relay R becomes effective when sluggish 
relay R* opens the back contact of its ar 
mature 229 and removes the ground con 
nection which exists at the junction of con 
ductor 406 and the winding of relay R by 
virtue of the second circuit closed by the 
arm 892, Said contact of relay R* having 
opened, relay 41 becomes energized, opens 
the back contacts of its arrnatures 402 and 
405 and closes their front contacts. 
As soon as the armatire 229 of relay R' 

coöperates with its front contact a path is 
obtained from the ground at the arms' to 

battery lead L through off normal contact 
device 228 of the switch S4, conductor 223 
and the winding of the retaining magnet 
H98 of the units sending switch S30. Mag 
net f * thereupon applies its pawl and 
closes contact device 235, giving a circuit 
from pulsator P' to ground through the 
winding of motor magnet M89, back contact 
and armature 236 of relay R98, conductor 
237, lead IL, back contact and armature 43 
of relay R. conductor 37, armature 34 and 
spring 34 of relay R, lead L?, spring 45 
and its front contact in relay R*, arms of 
switch S, lead Li, spring 300 and its front 
contact in relay R89, arms of the switch 
S", lead L', spring 400 and its back contact 
in relay R', conductor 401, armature 402 
and its front contact in relay R4, conductor 
412 and the winding of the units or short 
step motor magnet of the connecting switch 
S. Until this circuit is opened the motor 
magnets M* and M will operate simul 
taneously on each pulse of current from P*. 
When two impulses have been transmitted 
the arm s”89 of the units sending switch 
reaches the ground established through con 
ductor 78 by the arms of the register switch 
S. This energizes relay S-9, which opens 
the back contact of its armature 236 and pre 
vents any further actuation of the switches 
S890 and S40. Relay R231 also opens the back 
contact of its armature 242, thereby definer 
gizing relay R of the secondary controller 
U and the cord relay R, the initial circuit, 
for the latter relay having seen opened pre 
viously by the separation of the normal con 
tact springs 31 of switch S. The release of 
relay R disconnects the battery 3 from 
the lead Li, thus definergizing the retaining 
magnets of all the switches of the secondary 
controller, permitting their arms to return 
to zero and releasing relays R0, R, R2' 
and R90, and also relays R 209, R22 and R*; 
but before the back contact of armature 2-2 
of relay R8 has been closed, al'mature 35, of 
relay R8 has fallen off and disconnected c(\ta 
dictor 40 from conductor 39, so that relays 
R* and R will not be again associated. 
The release of arm:ltures 33 and 3-4 of relay 
R disconnects conductors 36 and 37 from 
the leads I and 19 and reconnects the lat 
ter to the leads L* and L°. A circuit now 
exists from the battery 3 of the cord through 
winding 413 of repeating coil c, winding of 
the supervisory relay R', leads I?, and L', 
arrature 49 and its front contact in Irelay 
R", a r s of switch S", lead L*, armature 
30 aid its front contact in relay R*, artin 
889 (f switch S, iead L*, armature 405 and 
its front contact in relay R', conductor 414, 
one winding of relay R* and conductor 415 to 
ground, energizing relay R*. This by its 
arma {re 417 and spring 400 joins the leads 
l' at it to the arms s' and 8 of the con 

necting switch S", while spring 415 discon 
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nects conductor 415 from ground, and with chanical switching apparatus having a plu 
the armature 415 closes a locking circuit 
from ground through conductor 418, second 
winding of relay R-9 and the arms' of the 

5 switch S", to battery through the winding 
of the cut-off relay of the line selected by 
the switch St. Remembering that the arms 
of the thousands selecting switch have taken 
two steps, the hundreds selecting switch ten 

to steps and the connecting switch first three 
long steps then two short steps, it will be 
seen that the calling subscriber is connected 
with the line “1921 for which he asked. 
The testing of the line secured, the ring 

15 ing over it and the release of the selecting 
apparatus will not be described, not being 
essential to the present invention. 

- claim: 
1. In a telephone exchange system, linese 

20 lecting apparatus having a plurality of selec 
tive movements, primary controlling appara 
tus therefor having sections of mechanism 
with a section corresponding to a plurality of 
different selective movements, and secondary 

25 controlling apparatus provided with a sec 
tion of mechanism for each selective move 
ment. 

2. The combination with a central station 
and telephone lines extending thereto, of 

30 operators cord circuits and mechanical 
Switching apparatus for joining the lines, a 
plurality of controlling apparatus for the 
nechanical switching apparatus, means for 
uniting a cord circuit with an idle control 

35 ling apparatus, said means being operable 
when the cord circuit is employed to origi 
nate a connection, means adapted to be set 
by the operator to govern the action of any 
one of the controlling apparatus, and means 

40 for associating the governing means with a 
controlling apparatus upon the appropria 
tion of said controlling apparatus by a cord 
circuit, substantially as and for the purpose 
described. . . . 

3. A controlling apparatus for electrical 
line selecting apparatus comprising manu 
ally operable registering devices, secondary 
mechanism temporarily associated with the 
nanually operable devices for registering 

50 the conditions produced thereat, and trans 

45 

mitting means governed by the secondary 
mechanism and operable while the manually 
operable devices are disssociated from said 
secondary mechanism. 

4. The combination with a starting 
switch, of key mechanism for determining 
the movement of the starting switch, a reg 

55 

ister switch provided with a plurality of 
motor mechanisms any one of which may be 

60 connected with the starting switch, and a 
sending switch governed by the register 
switch. 

5. In a telephone. exchange system, the 
combination with switching means compris 

$5 ing operators' connecting circuits and me 

'ality of selective movements, of a primary 
controlling apparat is provided with a set 
of keys corresponding to each selective 
mi) \ement and also having a less number of 
transmitting mechanisms than there are sets 
of keys, and a secondary controlling appa 
ratus provided with register mechanisms 
governed by the primary transmitting 
mechanisms and with a secondary transmit 
ting mechanism for each selective move 
ment of the switching apparatus. 

6. In a telephone exchange system, the 
combination with switching means conpris 
ing operators connecting circuits and me 
chanical switching apparatus having a plu 
rality of selective movements, of a single primary controlling apparatus provided 
with a set of keys corresponding to each 
Selective movement and also having a less 
number of transmitting mechanisms than 
there are sets of keys, a plurality of second 
alry controlling apparatus provided with 
register mechanisms governed by the pri 
mary transmitting mechanisms and with a 
Secondary transmitting mechanism for each 
selective movement, and means for opera tively associating any one of the secondary 
controlling apparatus with the primary con 
trolling apparatus, substantially as de 
scribed and for the purpose set forth. 

7. In a telephone line switching system, the 
lines of the System being designated each by 
a plurality of symbols belonging to different 
groups of symbols, line selecting apparatus, 
and selection controlling apparatus having 
a plurality of electromechanisms each cor responding to a plurality of symbols in a single line designation. 

8. In a telephone line switching system, the 
lines of the system being designated each by 
a plurality of symbols belonging to different 
groups of symbols, line selecting apparatus, 
a selection controlling apparatus having a 
plurality of electromechanisms each corre sponding to a plurality of groups of sym 
bols, and secondary electromechanisms un 
der the influence of the primary electro 
mechanisms and each corresponding to a single group of symbols. 

9. The combination with a central station 
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and telephone lines extending thereto, of 
connecting circuits and mechanical switch 
ing apparatus for joining the lines, a plu 
rality of automatic controlling apparatus 
for the mechanical switching apparatus, 120 
means for uniting a connecting circuit with 
an idle controlling apparatus, means adapt 
ed to be set to govelin the action of any one 
of the controlling apparatus, and means for 
associating the governing means with the 
controlling apparatus when said controlling 
apparatus is united with the connecting cir 
cuit. . 

10. The combination with a central sta 
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tion and telephone lines extending thereto, 
of connecting circuits and 
Switching appa'atus for joining the lines, a 
plurality of autolinatic controlling apparatus 
for the nechanical switching apparatis, 
means for uniting a connecting circuit with 
an idle controlling apparatus, a set of keys, 
ind means for associating the keys with the 
conti'? ling apparatus when said controlling 
apparat is is united with the connecting cir 
cuit. 

11. The combination with line selecting 
apparatus, of a controlling apparatus hav 

s keys, automatic registering means, 
means for temporarily associating said reg 
istering means with the keys, and means 
governed by the 'egistering means for con 
trolling line selection while said registering 
means and keys are dissociated. 

12. The coinabilation with line selecting 
apparatus, of a controlling apparatus hav 
ing keys, an automatic legister switch, 
means for temporarily associating said reg 
ister with the keys, and an automatic switch 
governed by the register switch for control 
and keys are dissociated. 

13. Controlling apparatus for line select 
ing apparatus comprising a plurality of sets 
of manually operable contact devices, and a 
plurality of automatic transuhitting means, 
each transmitting means being governed by 
a plurality of the sets of contact devices. 

14. Controlling apparatus for line select 
ing apparatus comprising a plurality of sets 
of manually operable contact devices, auto 
matic transmitting means governed by a 
plurality of the sets of manually operated 
contact devices, and means controlled ly 
said transmitting means for changing its 
connection from one set of contact devices 
to another. 

15. Controlling apparatus for line select 
ing aparatus comprising a plurality of Sets 
of keys, and an automatic transmitting 
switch governed in its initial movement by 
one set of keys, said transmitting switch 
thereafter upon assuming its normal posi 
tion thereby causing its connection to be 
changed to another set of keys, 

16. In a controlling apparatus for tele 
phone line selector's including a plurality of 
keys, a plurality of controlling switch mech 
anisms, electromagnetic means for operating. 
each switch mechanism, and means for 
bringing sail electromagnetic means succes 
sively under the influence of the keys. 

17. Controlling apparatus for line select 
ing apparatus comprising a plurality of 
sets of keys, and an attomatic transmit 
ting switch governed by its initial move 
mert by one set of keys, said transmitting 
switch thereafter lipor assuming its normal 
position operating tinder the influence of 
another set of keys. 

iii. 

mechanical 
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18. In a controlling apparatus for tele 
phone line Selectors, a plurality of keys, con 
trolling switch mechanism, electromagnetic 
means for operating said switch mechanism, 
means for biringing said electromagnetic 
Ineans; successively under the influence of 
the keys, and means whereby the switch 
mechanism must travel to its normal posi 
tion before it can be operated under the in 
fluence of another key. 

19. A controlling apparatus for auto 
imatic switching apparatus comprising a 
plurality of controlling switches, and a plu 
rality of sets of governing keys for the con 
trolling switches, one of said controlling 
Switches being adapted to operate in re 
sponse to the depression of the keys of two 
of said sets. - 

20. In a telephone exchange system, the 
combination with automatic switching ap 
paratus, of an operator's controlling appa 
atus comprising a plurality of controlling 
switches, and a plurality of sets of keys 
governing their operation, the operation of 
keys in a plurality of the sets causing the op 
eration of one of said controlling switches 
to govern a plurality of selections by said 
automatic Switching mechanism. 

21. In a telephone exchange system, the 
combination with automatic switching ap paratus, of operators' controlling apparatus 
comprising a plurality of automatic control 
designation keys adapted when operated in 
establishment of a connection to cause the 
repeated action of one of said controlling 
switches. - 

22. An electrical controlling apparatus 
comprising apiurality of keys, and auto 
natic controlling switches simultaneously 
governed by different keys. : 

23. A controlling apparatus for electrical 
line selecting apparatus comprising a plu 
rality of keys, and automatic coatrolling 
switches simultaneously goyerned by differ 
ent keys, a controlling switch being also suc 
cessively governed by different keys in a 
single line selecting operation. 

24. In a telephone exchange system, the 
combination with telephone lines, of auto 
matic switching mechanism therefor, a con 
trolling mechanism comprising keys corre 
sponding to the digits of line designations, 
and plural transmitting means adapted to 
be governed simultaneously by keys corre 
sponding to different digits. . . 

25. In a controlling apparatus for elec 
trical line selecting systems, the combina 
tion with line designating devices, of a plu 
rality of registers responsive to said devices, 
selection controller's governed by said regis 
ters, and means for switching said devices 
into operative relation to any register. 

26. In a controlling apparatus for elec 
trical line selecting systems, the combina 
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tion with a set of line designating keys, of a 
plurality of registers responsive to said keys, 
selection controllers governed by said regis 
ters, and automatic means for associating 
the set of keys with an idle register. 

27. In a controlling apparatus for electri 
cal line selecting systems, the combination 
with a set of line designating keys, of a 
plurality of registers responsive to said 
keys, selection controllers one for each regis 
ter adapted to operate in accordance with 
the line designation produced at the regis 
ters, one of said registers and the controller 

associated therewith being normally in op; 
erative relation to said keys, and automatic 5 
means for associating another register and 
controller with the keys when the first men 
tioned register and controller are in use. 

In testimony whereof, I have signed my 
name to this specification in the presence of 20 
two subscribing witnesses, this twenty-third 
day of September 1907. 

EDWARD C. MOLINA. 
Witnesses: 

WILLIAM G. BLAUVELT, 
RoBERT S. SUTLIFFE, 


