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To allwhom it ey concern: "

Be it known that I, Epwarp C. Morxa,
residing at East Orange, in the county of
Hssex and State of New Jersey, have in-
vented certain Improvements In Control-
ling Apparatus for Telephone Switchihg
Svstems, of which the following is a specifi-
cation. ) .

This invention concerns telephone sys-
tems in which hoth manually operable
switches and mechanical switching appara-
tus are employed ‘n the connection of cull-
ing and called lines, said mechanical or se-
leeting apparatus being governed in its
movement, by controlling apparatus; this
Iatfer having key mechanism upon. which
the operater registers the number of the de-
sired line, and transmitting mechanism, act-
ing in accordance with such registration,
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
each connection, consequently if provided
with but a single controller her efficiency
may be decreased by périods of enforced
idleness, To remedy this it has been pro-
posed that two complete controllers be as-
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
operater, lessening the already limited space
within wbich it is feasible to place the
mannal switches. Tt also has the effect of
dividing the attention of the operator be-
apparatus, re-
quiring consideration as to which shall be
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-
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
a plurality of secondary controllers is due

chiefly to the fact that'1 arrange the con-

trolling sections of the former t¢ operate
simultaneously, while these in the latter act
successively, SRR ’

F group of these jacks is situated

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 g secondary con-
trolling apparatus; and F ig, 8 shows a dia-
gram of an operator’s cord circuit, together
with a chain of selecting apparatus connected
therewith; 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, I, with
their third conductors %, of substations of
which two, a, o are illustrated, extend to
answering jacks J located at a central station
and furnishing one element of manually
operable  switching mieans. A suitable
at the posi-
tion of each operator, who for the purpose
of answering calls is provided with a num-

ber of connecting or cord circuits C, one, -

only, of which appears in Fig. 3 of the
drawings. The main or talking strands
L 12, 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 plug p for covperation with the
jacks J and completing a portion of the man-
ual switching means, :

Associated with the cord civcuits, in the
present instance being joined thereto by
leads 1. and It extending from the
strands L* and L2, 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 comsists, in the main, of
rotatable switches acting successively, the
number of switches in the series depending
upon the character and magnitude of the
symbols employed to
scribers.  In the present case it is assuined
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 S2,
S* and S, the first or primary selector
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8% picking out the thousands group, the
second selector £°° the hundreds group, and
the third selector or connector 5% the tens
group and then the units terminals therein.
Similar apparatus arranged in the same
general manner is familiar to those skilled
in the art and therefore need not be partici-
larly described. It is only esseutial to this
invention that there shall be some selective
apparatus and a very simple organization
has been shown, Of the details of this sys-
tem it merely will be stated that the switches
820, 5% and S*° have sets of three revoluble
contact members or arms g2, §%, ¥ &, 5%
838 gt §*2, ¢ respectively, smtabh mmmt»
ed upon Suppmtlng shafts and propelled
step by step over fixed terminals ¢*, ¢
by ratchet mechanism, operated by moter
magnets M2® and M® in the switches 9%,
$% and by long and short step motor mag-
nets M* and M*, respectively, in the con-
nector 8. The arms are held in the posi-
tions to which they are advanced by retain-
ing mechanism operated by magnets H*°,
H’“, and H*, Leads 11, 1%, L% and L,
L, 1® unite the terminals of $2° and S t0
the next group of switching apparvatus of
the series, while the substation lines are mul-
tipled to the terminals ¢** of the connectors
and to the answering jacks, as is shown in
connection with substation «® in Fig. 3.

At the position of each eperator is means
for controlling the movement of the select-
ing apparatus to cause its arms to come 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
primary apparatus, and in turn directly af-
fects the selectors.  But one primary coun-
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 autonntlcq]lv placing the pri-

mary apparatus upon the completion of its
action’ in operative relation with the sec-
ondary apparatus which is then idle.

The primary controller has series of con-
tact devices, conveniently in the form of
keys for actuation by the operator, theve be-
ing in the present instance four series each
of ten keys, corvesponding to the thousands,
hundreds, tens and units digits and desig-
nated by the characters K% 1%, K% and
K¢, respectively. The keys may be 10(4«;(1
in their depressed position by bars % and
released therefrom by the attraction of mag-
nets A Iach series of keys goverds a
switch mechanism by which the’ condition

, &t

- registered upon said keys is transmitted to

a secondary controller, In the present em-
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bodiment of the invention one switch is
made to serve two sets of keys, the thou-
sands-hundreds starting switch 8% having
its cleven fixed contacts s, over which the
arm s™ sweeps, multipled by conductors 125
and 148 to contacts in the kms I and W,
while the tens-units starting switeh 5% h: lH
terminals s and an arm §° similarly ve-
lated to the keys K%, K. Thus cach see-
tion of starting eclectromechanism 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 8% and 3¢¢ There
are eleven contacts with but ten dlg]t LL}X
in each series, becanse the thousands key
0 K* and the tens key 0 K are 10(]111100
to produce a movement of the register
switches, to be later described. from their
initial position to their zero contacts.
the other hand, the hundreds and units keys
0 K51, 0 K effect no movement, since the
thousands and tens keys will have already
caused the stopping of the register switehes
upon the contacts to which they correspond.
Therefore, the first of the contacts ¢, %
are joined only to the zero hundreds and
units keys, respectively, upon which the
arms % §* are normally resting, and the
zero thousands and tens kevs are multipled
with the one hundreds and unitskeys. vespec-
tively to the second contacts, and s0 on
thronghout the series. These starting
switches 5% and 8% ave of the same charac-
ter as those of the selector s, having motor
magnets M, M® and retaining magnets
Hr '(’ T, functmnatmfr in the same manner.

()f ihe secondary controllers but one, U.
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-
ary apparltuq are connected in multiple to
the primary controller by leads Lo g ez
Tos Fo0e, 1008 T30 Toacel of the s omnd‘nv
controllers haq instead of the mannally op-
erable vegistering means, electromechanieal
registers Furnished by switches 8% and 8%,
the pairs of contact arms &%, §% and &, &
of which are advanced Slmultqnnonq]\
long step motor magnets M, M2, under the
control of the starting switches $%° and S©
as determined by the depressed (hons‘md\
and tens keys, and then simultaneously in
short steps by motor magnets M and Mot
controlled by the same s{mtnw switches as
determined by the hundreds and units kevs.
Tu cither ease retaining magnets H and 1100
act to hold the arms .11, points to which they
Lave been moved. The wrms 5, % cach co-
operate with ten fixed terminals %2, &2, each
substantially equaling in estent one tenth of
the total movewent of the arms,  As illus-

trated, ten tevminals separated by spaces
eqm ralent to the short steps produced by
the magnets M** and M have been strapped
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together fo furnish these longer terminals,
These fixed contacts %2, §° are suceessively
connected by conductors 75 and 77 to ten
terminals s* and §**' of sending switches
220 and 82, The sets of fixed terminals
s and & over which the arms s and &
pass are each one hundred in number and
are multipled in groups of ten, dach group
comprising one of the first ten terminals
and every tenth terminal thereafter.
multipled groups are joined in sequence by
conductors 76 and 78 to the ten terminals
§7% and ¢%' of sending switches S§*° and
522, The contact armg s200, g%10, §220 an g220
of the four sending switches are cansed to
travel over series of the ten active terminals

8201, %1 g% g% by motor magnets M200

These sending switches transmit to the se-
lectors, by means of leads L1, L2 and 152
connected in multiple o all the cord circuits

of an operator using this controlling appa-

ratus, the condition
switches 8% and 8%, A main battery lead
L&, indicated in heavy dotted lines, 1s also
multipled to the cords from the secondary
controiler U only. It will be noted that
there is a section of sending mechanism for
cach group of symbols in a single line desig-
nation or each'selective movement, and, as
will hereinafier appear, they .act” succes-
sively. o L

The mechanisms which have been de-
scribed are the more important ones of the
system, viewed in the light of the present
mvention.  Certain minor or secondary

registered Dy the

~mechanisms and elements will now be men-

tiened and their principal functions briefty

etated,:

Bridged across the strands L and 122 of
the cords between the sections of the usual
repesting coils ¢ is the common battery B
with its positive pole grounded. This for

-convenience in illustration has been shown

i variens places and designated by diffei-
ent reference characters, as has the pulsator
by which the battery current is rendered in-
termittent.  Fach cord circuit includes a
ey K, which when throwa to the- right, as
seen m Fig. 8, connects the operator’s tele-
phene ses & to the strands L2, L2® and at
the same time initiates the action of 2580-
clating the cord with a secondary controller,
A Tee signal or lamp O is “situated in
proximity to cach answering jack J, being
controlled by the well known litie and cutoft
relays I, I*% The cords contain the nsual
supervisory lamps O and ’
lays I and R In addition to the super-
Figory relavs each cord has reliys Rz Rw»
gnd B The frst, when the operator. has
plugged inte a jack, cstablishes a. ground
copnection npon which depend the auto-

Y
[&

B5 1watic cperations of the cord alone and in

The |

0% with their re--

' switch S8

8

conjunction with the various selectors. The
second associates the calling end of the cord
with an idle secondarvy controller and main-
tains said association until the controller has
finished its operation. Relay R* determines
which of the two secondary controllers shall
be associated with the cord by relay R,
In the primary controller T relay R, as
seon 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 possibie for another sec-
ondary controller to become associated with

[ the primary and cloges momentarily the cir-
| cult of the key release magnets 4. The start-

ing switches S™ and and S* have, respec-
, §¥1, , s | tively, relays R® R® R Rst
bere, M2, M2 gnd retained under the in- |

fivence of magnets H*0, Hzwo, F{220 a1 {220,

, and relays
R, Re?, R, RO~ After the pulses governed

by ‘the depressed thousands key have been
transmitted, relay R% (1) discomnects the
| motor magnet M™ of ‘the switch 8% from
| the long step motor magnet M® of register

switeh 5% (2) removes ground from the

' thousands leys thereby releasing the hold-
- Ing magnet H, in order that the switch S50

may return’ to its normal position before
operating in conjunction with the hundreds
key; and (8) prepares the circuit by which

[ relay R will be energized. Relavs Rs? and
2 y

1% together associate the switch S with the

hundreds keys and the motor magnet MO
with the short step motor magnet Mst of ‘
. Relay R, after pulses corre-
sponding to the hundseds digit of the called
number have been transmitted, opens the cir-
cuit of motor magnets M= and M=, Relays
R Re2, R and RS act similarly with re-
spect to the keys K and K%, the starting
switch 8% and the register switch 8%, Tup.
thermore, relays R™ and R unlock the soc-
ondary controller from the primary con-
troller after the latter has completed its
operation. ‘

Kach of the secondary controllers includes
relays R R* and %2, and in these con.
trollers the sending switches have relays
Reo, Reoxs Ren Reizg Pent R 25 and R,

-In addition, each of the retaining magnets

of these switches rerves to cloge a contact
device. Relay R* establishes the connection
of the battery with the lead 15 upon which
all the opevations of the secondary con-

‘troller depend, and closes one link in the cip-

cuit which associates a secondary contreller
with the primary controller. Rel avs R and
R* lock the secondary contvoller to the

primary  contvoller ‘and  counect the
motor magnets of the register switcles
S and §% to  the corresponding  mo-

tor magnets of the primary controller
starting switches S, 8% The contact de-
vice of each retaining maegnet closes the cir-
cuit of the motor magnet of its switeh.. Ite-
lays R#1 Re1: Rear gpq Ren open said. ¢ip-
cuits when desired number of current im-
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pulses have passed. Relays R*?, B»?, R |

iitiate the operation of the eucceedlno send-
ing switch.

As to the primary and secondary selecting
switches 5% and $%, in the fovmer, after mo-
tor magnet M has received thrOLgDh its
winning the series of impulses for the thou-

auch dlou of the desired number, a relay

R* (1) Tocks itself in series w ith the retain-
ing magnet of sw 1tch 389, thereby applying
the retention pawl of this switeh; (2) cuts
out of the circuit the motor mwgnet LI
and (8) closes one link of the desired con-
nection by extending the 1euds L# and L
to the leads L#* and I'% A relay R, in
connection with the selecting switch 8%
cffects results which are exactly analogous
to those zxccomplished by the relay R*.

In the connector 8%, after the motor mag-
net M* has received the actuating pulqes
or the tens digit of the desired number the
energizing of a relay R*, which in burn
energizes relay R, causes the substitution
of the short step motor magnet M* for the

- Yong step motor magnet Mé and prepares

the cireuits. for the onemtlon of a relay R*.
The la named 1'elay after the motor mag-

“net MY has received the units pulses, upon

attracting its armaturves (1) locks itself
in sevies with the cut-off velay of the selected
line; (2) cuts motor magnet M* out of the
circuit; and (3) closes the last link of the
desived connection by extending the leads
T4 and 14 to the links of the wanted line.

Besides the coniacts of the relays which
perform the operairon just mentioned, there
are throughout the system other contacts
forming a part of the various switches, some
termed “normal” contact devices which ar
closed when the switch arms are in their
initial position and open iminediately upon
movement, and other “off normal” devices
closing when the travel of the arms begins.
There are additional contacts associated with
the retaining magnets. None of these need
Lere be de sm‘lbed, since when thelr operation
is of any importance with relation to the-
present nvention 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 makmn up the circuits
involved. .

The subscriber at substation o, upon Te-
moving the receiver from its hook, energizes
the line relay R, thereby closing a mrcult
from battery B’ to ground through conduec-
tor 9 and the line lamp O. In response to
this signal the operator inserts the plug »
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. reliy R'* and
supervisory relay R' by the simultanecus

“closing of two circuits, one from battery B’

1,114,
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to ground through conduector 10, winding of
reLn' R, third “conductor 12 of the cnllm.*:
subscriber’s line, thimble of 1.\01« J and sleeve
of the plug P, third conductor 1s of the cord,
springs 13 ‘md 14 of the listening key I¢,
cnndm*tor 15 aud the winding of rek Ay R,
and the other from the free pole of hattery
B throuo}. winding 16 of the vepeating coll
¢, sty and L2 of the cord, wmrhno of supoe-
visory velay ?\,‘”w uu«r of the plug and co-
oper atmgj spring of the jack, hmb i of the
hn\,, the substation set dt «, the other limb /
of the line, spring nf the jucl and -m of the
plug, fead L2 and winding 17 of the vepeat-
ing coil to battery. The energization of re-
hv R? discomeets velay R from the Hne,
therefore extinguishing the Lunp O, while
1ohy R*® opens the circuit of supervisory
lamp O? to prevent 1t from hghung. Relay
R completes two cireuits, the first from
ground through its armature 20, conductor
o1, armature 29 and its'back contact in su-
pervisory relay R and lamp O8 to battery
B Tighting said lamp; while ¢ & sccond
civenit is from ground through spring 25 of
relay R, condnetor 26 and \\ln(hmr of the
1etf11mn<* maguet I of the thousands se-
lecting switch S to batitery D#, h('ub\
energizing the magnot

The operater throws the key K infn the
listening position, connecting biev telvphuuo
set & with the talking leads Ef‘ and 1.2 of
the cord at the contacts 97 97 'y aud closing
a civeuit from battery B ‘mmmh one wind-
ing of relay R'3, conductor 27, springs 28 and
29 of key K, conducter 30, normal contact
device 81 of switch S, conductor 26 and
spring 25 of relay R** to gronnd. This ener-
Qizes the relay R*3, the avniatures 3t and 5
of which disconneet leads T and 1.2 fmm
the strands L& and 1.** of the cord at ¢
springs 34 33 and join the leads to condue-
tors 36 and 87. Awvmature 35 of velay R,
contacting with 1ts %pv‘nm 355 completes '1
Lnuut from ground through armatuve 3§ of
relay R, conductors 39 and 40, seeond wind-
ing of relay B3, umdm tor H. armature 42
and its bacl contact in velay R4, Tead T of
the secondary controller U, winding of rolny
R*, back contact and armuature 242 of relay
R*1 o battery B#®. This cirenit energizes
relay R and makes rdw R unlependoui
of the .circuit established by the springs 20
and 28 of the key K. h‘m-nn;e 50 of ol ay
R connects battery B to the main haltery
lead L% of the secondary contreller U,
From thlb lead current then flows to ground
throngh the winding of the 1‘omumw mag-
nets TT% and F of the register switches S0
and 8.  Assuming that tlw primary con-
tmﬂer T i3 not at this thne cm)p(,mhm,
with the secondary centroller U? in the cs
tablishment "of some other connection, cur-
rent will also flow from the main battery
lead to ground through armature 51 of 1dav

the
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R®, conductor 52, normal contact device 53
of the switch S, conductor 54, normal con-
tact device 55 of the switeh S8 conduictor
56, one winding or velay R*, lead T4 of the
primary controller, armature 101 and its
back contact in velay R™, conductor 102,
normal contact device 108 of the starting
switch 3%, conductor 104 and' normal contact
device 105 of the starting switch S, This
eircuit operates telay RS, which separates
its armature 58 from its back contact and
closes the front contact of its armatupe 59.
A cirenit which locks relays R%, R gand
R™ is completed at the front contact of
armatnre 59 from battery B through the
winding of relay R*, second winding of re-
lay R Jead a9, winding of velay R, con-
ductor 106, and then to ground in'two diree-
tions—throngh the back contact and arma-
tire 107 of relay R* and through the hack
contact and armature 108 .of relay R,
Thereupon relay T2 closes the front eontucts
of' its springs and arwature 61,62, 63 and
64, conneeting the secondary controller [J
with the primary eontroller T, while relay
R opens the back contact of its armature
101, closes the rcontact hetween armature
109 and spring 110 and opens the resting

‘contact of said spring.

As the armature 101 of relay R™ consti-
tuted a part of the initial civenif by means of
which relay R¥ of the secondary controller

1T was enabled to assaciate said sceondary |
~aontroller with the primary centroller,

it is
evident that the corvespending velay of the
secondary eontroller U? cannot be energized
autil the serics of operations which the
primary contvoller has o execuie in con-
i rin out, and
the contact of armatire 101 js again cloged
The inclusion of
the front contact of armature 51 of relay
R in this initial cirenit provides for the
association of the sccondary controller with
the card civenit before the primary con-
traller s joined to ity while the normal con-

visasly inited primary and secondary con-
trellers shall hoth have completed their op-
eration Lefore the new association oceurs.
When araatinre 109 of refay R™ mnakes con-
tact with it spring eorrent will mementarily
flow fram the hatieries Bty gronnd
throngh the windings of the key release
mgmets boand conducfor 111, Thise pilses
of current result in the release of any digit
key which may have been aceidentally de-
pressed sinee the previous vl registered by
the operator,

While the asseeintion of the controlling
system with the cord is not a part of my in-
vention, it will be briefly stated what ocenrs
when the secondary controller U7 ig still in
e at the time the operator places the plug

“hack
_springs 115
“ductor L1T, spring 118 and its resting con-

cter transmits curvent through the

3

p 10 the jack J. Tn this case there will be a
cireuit from ground through armature 38
and its front contact in relay R, conductor
39, spring 35* and its resting contact in relay
R, conductor 392 and one winding of relay
R to the main battery lead L% of the sec-
ondary controller U, to which battery B g
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 I, T and 15 of the cec.
ondary controller U and uniting them with
the corresponding leads of the secondary
controller U% Then when relay R operates
as a resnlt of the movement of listening key
K, relay R is kept energized by a civeuit
from ground to. battery throngh conductor
39, spring 85* and armature 35 of relay R,
conductor 40, second winding of relay R,
condurtor 41, armature 42 and its front.con-
tact in relay R, second winding of said
relay, lead I to secondary controller 2
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 TJ.
The controlling system being thus asso-
ciated with the cord civenit, 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
“19217 is the number- called for by the
bason st substation «; thereupon the op-
erator depresses-the thousand key 1 K™, the
hundeeds 9 K5 the tens key 2 K% and the
units key 1 K¢ of the primary controller T,
The depression of the thousands key closes
a path from battery B throngh the wind-
g of.retaining magnet T of the starting
switeh 8%, conductor 112, spring 113 and its
confact in relay R, conductor 114,

and 116 of the key 1 K% con-

tact in relay R conductor 119 and spring
h 1

A0 and avhatiee 109 of relay R® to
“ovound. This civenit energizes the retain-
trt devices of Loth starting switehes Al
Buth register switehes insures that the pre--

ing magnet 11, which, in turn, not only
= bl 7 b »

Sapplios the pawl (6 the switeh mechanism,
thiit by closing contact deviee 120 establishes
a clreuit
through tle winding of motor magnet M
cof the thonsands-hundreds starting
“condnetor 121, wrmature 129
centact in eelpy RY Jead 100, spring 63 and
Jits front contaet in relay R eonductor 71

P o growund

from  pulsator
switch,

and its. back

and the windipg of motor magnet MY of
the - thousands-liundredy register  switch.

“The motor magnets M and M will now

operate - simultancously “to  advance  the
switeh arms &%, ¢, @ each time the pulsa-

circnt just
traced.  When two fnpulses Tave beeri sent
a circuit will he eloséd- at the aem of switeh
ST oand its third contact from battery B
throngh one winding of relay R conductor’
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110

150
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123, conductor 125, springs 126, 115 and 116
of key 1 X*° and thence to ground through
conductor 117, spring. 118 of relay R, con-
ductor 119 and spring 110 and armature 109
of relay R™. This results in the energizing
of 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 ¢° of the register
switch 8% at the beginning of the second
active contact s*%, or that corresponding to
the thousands group, while the arm s* 1s
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 aramture 109 of relay R™. Since the
resting contact of the spring 118 formed
part of the circuit by which retaining mag-
net H* was operated, this magnet will now
be detnergized so that contact device 120
will be opened and the holding pawl of the
switch S* removed, allowing the arm s* to
return to its initial position.

As soon as the thousands-hundreds start-
ing switch is on its first contact a cireuit is
closed from batiery B2, through resistance
129, normal contact device 180, conductor
181, winding of relay R, conductor 181,
armature 128 and spring 118 of relay R®
and thence to ground through conductor
119 and spring 110 and armature 109 of re-
lay R™. On operating the relay R opens
the back contuct 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 path.

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 5%, 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 ¢hereupon
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
149 and front contact and armature 136 of
relay R% to ground. As before, on operat-
ing, the retalning magnet II% applies its
pawl to the switch 5% and closes the contact
device 120, the latter completing a cireuit
from the pulsator P to ground through the

1,114,174

vinding of motor magnet M, conductor
121, armature 122 and its front contact in
relay R, conductor 143, the spring 138 and
its froad contact in relay RS, conductor 144,
back contact and armature 145 of relay R™,
lead LY, armature 64 and its front contact
in relay R, conductor 72 and the winding
of motor magnet M3L Motor magnets M®
and B will now be operated in synchro-
niem from the pulsator P over the circuit
just traced. Adter the passing of nine cur-
rent impulses, a civcult will be closed by the
arm of the starting switch 3% and its tenth
contact, from battery B% through the wind-
ing of relay R°%, conductor 146, front con-
tact and armature 137 of relay R®%, con-
ductors 147, 123, 125 and 148, springs 150,
140 and 141 of the depressed hundreds key
9 K%, conductor 142 and the front contact
and armature 186 of relay R® to ground.
Relay R°* immediately operates and breaks
the circuit of motor magnets M* and M
Ly opening the back contact of its armature
145, Relay B* also opens the back contact
of its armature 108, but this has no effect
until the relay R of the starting switch 5%
operates.

Considering the register switch 5%, as
previously pointed out two pulses of current
were transmitted through the winding of
the Iong step motor magnet M* and now

pine pulses have passed through the wind-
ing of short step magnet M, thus

bringing the arm &% to rest upon contact

Ding
pumbered 19 aud the arm ¢ upon a similar
position in ifs countacts by two series of
steps—=iwo long steps to the eleventh contaet
numbered ten and nine short steps Trom said

b

-3

80

86

90

100

contact to the contact numbered nineteen.

The arm §%° 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 conductors 15 and 76, ground has
been established on the contacts of the thou-
sand sending switch 8% and hundreds send-
ing switeh 57 at points that correspond to
the thousands digit cne and the hundreds
digit 9 of the desired number “ 1921.7

16 will be obyicus without detailed es-
planation, that by ]
analogons to those in which the depressed
thousands and hundreds keys successively
cotiperated with the starting switch S™ in
driving the arins of the register switeh 5
to positions correspanding to the conditions

Crepresented by said depressed keys, o the

tens key 2 K% and the units key 1 K,
simultaneously with the thousands-hundreds
registration, will have cotperated with the
starting switch S in driving the arm s*
of the register switch 8% to 2 twenty-
second contact %% numbered o venty-one,
while the arm §* vests at the beginning of
its third contact. That is, motor magnet
Mo will have first operated three times in

a serles of operations
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conjyretion with magnet M* and then once
with magnet M*. Thus, by means of the
conductors 77 and 78 ground has also been
established on the contacts of the tens send-
mg switch S22 and the units sending switch
8% corvesponding, respectively, to the tens
digit two and the units digit one of the num-
ber called for. It ¢ ould be noted that there
1s no necessary sequence between the opera-
tions controlled by the two starting switches.
Their time of completion depends entirely
on the relative wnugnitude of the digits of

the desired number and the order in which

the operator depresses the keys.

As hereinbefore described, relay R ig
energized when the switch S° has finished
its sories of operations, likewise relay R is

energized when the switch 8% has per-

formed its functions. Therefore, when both
switches have operated, the two paths to
ground from conductor 108 are opened at
the armatures 108 and 107
R, respectively. This results in the. dein-
ergization of relays R™ and R® anil 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 relense of re.
lays ESt and R% disconnects the secondary

- conteoller U7 fronl the primary controller.

Relay R™ on release closes the contact of
armature 101 and the resting contact of the
spring 110 and opens the contact between
the spring and ariature 109. Since the re-
taming magnets and relays associated with
the starting switches 8 and S¢ all depend
upon the path to ground throngh conductor
119 huod the contact of the spring and arma-
tarey said magnets and relays are deéner-
gized and the arms s and ¢*° veturn to their

normal position. While the spring 110 mo-
mentarily touches both its resting contact

and the armature 100 current flows through
the key release magnets A freeing the e-
pressed digit keys.  The primary controllee
s now ready for codperation with the sec-
ondary controfler U2, the operation of the

controler 11, after its vegister switches have -

been properly set, going on independently,
as will now be described.

The release of relay RS of the secondary
controtler 17 closed a path fiom ground
through the off normal contact device 80 of
register switch 8%, conductor 81, back con-
tact and armature 58 of relay B, conditctor
82 and winding of retaining magnet Fizoo
of the thousands sending switeh §200. ¢
the main battery lead 125 Magnet T, he-
ing cnergized, applics the retention pawl of
the switch $%° and also closes the contact
device 202, giving a path from pulsator 1200
to ground through the winding of motor
magnet M*, conductor 201, hack contact
and armature 203 of vefay R load IPEN
back contact and armature 43 of relay R,

of relays R** and |

7

" conductor 87, armature 34 and spring 84r

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 magnets
Moo and M2 will operate in synchronism
on each pulse of current transmitted by the
pulsator. When two pulses have bassed the
arm ¢*%9 of the switch 8% aprives at the
ground established through conductor 75
from this ground are then closed, one
through the arm s, conductor 205 and the
winding of relay R to the battery lead
L%, and one through said arm, off normal

contact. device 206 of switch S, armature

207 and Its back contact in relay R22 Jead
L% baek contact and spring 44 of relay R,
conduetor 36, armature 38 and spring 33° of
relay R, lead 1%, conductor 486, resting con-
tact and spring 46" of relay R, conductor
17, winding of relay R*, arm s® of switch
32, lead 1. and the winding of retaining

magnet ¥ of the hundreds switch S% to

battery B®. . Relay Reot, energized by the

first circait, opens the back contact of its
armature 203 and closes the front coutact of
armature 209, thus breaking the civenit con-
taining the motor magnets M2 and M2 and
energizing relay 202 by current from the
main battery lead. The opening of the
metor magnet circuit stops the travel of the
arms of switches S2°° and §%, the latter with
its arms upon the sét of termninals $** con-
nected to an idle hundreds switch 8% in the
second thousands group. “The relay R0 ig
designed to operate sluggishly in order that

-1t will not open the back contact of its arma-

ture 207 before the relay R* functionates.
Relay R* now energized by the second cir-

70

75

by the arm s% of switch.S%. Two circnits ,

80

80

95

100

105

cuit from ground at the register 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 46>, This
venders the winding of relay R% independ-
ent of the ground at the register .switch
picked up by the arm of the sending switch
3%°,  The retaining mechanism of the hun-
dreds selector is operdted by the same cir-
cuit. «
When the armatdre 207 of sluggish relay
R has closed its front contact, a path 1s
obtained from ground: by
lead 1% through off normal contact device
206 of the switch 8200, conductor 211, and the
wirding of ‘retaining magnet 210 of hun-
dredsswitch 82, In'precisely the snme man-
ner as has just been explained, the hundreds
selector S3¢ governed by the sending switch
S#0picks out an idle connector S0 ot which
terminates the Hae of the desired substa-
tion. . L .

After the shigeish relay R*2 of the hun-
dreds wending switch, acting as did the. ve-

arm s*°° to battery .
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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 1ts retention
pawl and closes contact 224, establishing a
circuit from pulsator P** {0 ground through
winding of motor magnet M**° back contact
and armature 225 of relay R*, conductor
226, lead L% back contact and armature 43
of relay R, conductor 87, armature 84 and
spring 34% of relay R, lead 12 spring 45
and its front contact in relay R*, arm §** of
the thousands selecting switch 3%, lead 137,
spring 300 and its front contact in relay R3°,
arm s* of the hundreds selecting switch
5%, lead L*, spring 400 and its back contact
in relay B*, conductor 401, armature 402
and its back contact in relay R*, conductor
403 and the winding of the tens or long step
moter wagnet MY Baid motor magnet with
that of the sending switch 820 will be op-
erated synchronously from pulsator P22,
When three pulses have been transmitted
the arm §* of switeh 5% closes two circuits
from the ground established through the
conductor 77 by the avin s of the register
switeh $%-—one threugh the winding of re-
lay R®' and conductor 227 to batiery lead
£, and the other through the off normal
contact device 298, armature 229 and its
back confact in reluy B2 conductor 230,
lead 1%, back contact and spring 44 of re-
Iny BM, conductor 36, armature 23 and
sprivig 880 of relay R, lead L%, armature
49 and its front contact in relay R, arm
5% of gwiteh 5%, lead 1% armature 304 and
its front contact in velay R3O, arm ¢%2 of the
switeh 5%, lead T, armature 405 and its
buack contact in relay 3%, conductor 406 and
the winding of relay B* to battery B*.
Relay R*', energizes by the first cireuit,
opens at its armature 225 the circuit con-
taining motor magnets M** and M, stop-
ping the arms of the connector at the be-
ginning of the tens sections sought.  Atitsar-
matige 231 this relay operates sluggish re-
Jay 1% Relay R¥ included in the second
cirenit, closes the front contact of its arma-
ture 407 and thus locks itself to ground
through the winding of relay B*, conductor
408 and off normal contact device 409 of

“switch 8. This path through the winding

>

GO

)
13

~
% pht

of relay B becomes effective when sluggish
relay B2 opens the back contact of its ar-
mature 229 and removes the ground con-
neeticn which exists at the junction of con-
ductor 406 and the winding of relay R* by
virtue of the second cirenit closed by the
arm %29 Said contact of relay R*2 having
opened, relay 41 becomes energized, opens
the back contacts of its armatures 402 and

-405 and closes their front contacts.

A8 soon ag the armature 229 of relay R#®
cobperates with dts front econtact a path is
"

tined from the ground at the arm §*° to

i
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“battery lead L. through off normal contact

device 228 of the switch S*29, conductor 223
and the winding of the relaining magnet
B2 of the units sending switch 3. Mnag-
net of*° thereupon applies its pawl and
closes contact device 235, giving a eireuit
from pulsator P*° to ground through the
winding of motor magnet M**°, back contact
and armature 236 of relay R*, conductor
237, lead 122, back contact and armature 43
of relay R*. conductor 37, armature 84 and
spring 34* of relay R, lead L%, spring 45
and its front contact in relay R*, arm s* of
switch S0, lead L8, spring 300 and its front
contact in relay R%, arm $* of the switch
5%, lead L, spring 400 and its back contact
in relay R*, conductor 401, armature 402
and its front contact in relay R%, conductor
412 and the winding of the units or short
step motor magnet of the cannecting switch
S0, Until this cireult is opened the motor
magnets M*° and M* will operate simul-
taneously on each pulse of current from P20,
When two impulses have been transmitted
the arm *° of the units sending switch
reaches the ground established through con-
ductor 78 by the arm ¢ of the register switch
S0, This energizes relay 81, which opens
the back contact of its armature 236 and pre-
vents any further actuation of the switches
S0 and 5%, Relay R*! also opens the back
contact of its armature 242, thereby deéner-
gizing relay R* of the secondary controller
U and the cord relay R, the initial circuit

for the Iatter relay having szeen opened pre-.

viously by the separation of the normal con-
tact springs 31 of switch 520 The release of
relny R disconnects the battery B from
the lead L*, thus defnergizing the retaining
magnets of all the switches of the secondary
controller, permitting their arms to retnrn
to zevo and releasing relays R0, R, R
and R*Y and also relays R*%, R¥2 and R***;
but hefore the back contact of armature 242
of velay R** has been closed, armature 35, of
relay R has fullen off and disconnecied cdn-
ductor 40 from conductor 39, so that relays
R and RY will act be again asscciated.
The release of avmatures 33 and 34 of relay
R** disconneets conductors 36 and 37 from
the leads L2 and L* and rcconnects the Iat-
ter to the leads 1 and L% A circuit now
exists from the battery B of the cord through
winding 115 of repeating coil ¢, winding of
the supervisory relay 1%, leads L%, and 1>,
armature 49 and its front contact in relay

R arm s* of switeh 8% lead L%, armature

301 and its front contact in relay R™, arm
& of switeh 5%, lead 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 ifs
armature 417 and spring 400 joins the leads
4% and B4 to the arms ¢** and ¢** of the con-
necting switeh 8%, while spring 415 discon-
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nects conductor 415 from oround, and with
the armature 415° closes a locking peivcuit
from ground through conductor 418, second
windiug of relay R* and the arm s of the
switch $*, to battery through the winding
of the ent-off relay of the line selected by
the switch 8%, Remembering that the arms
of the thousands selecting stiteh have taken
two steps, the hundreds selecting switeh ten
steps and the connecting switch first three
long steps then two short steps, it will be
seen that the calling subseriber is connected
with the ling 19217 for which he asked.

The testing of the line secured, the ring-.

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

- TIclaim: o

L. In a telephone exchange system, line se-
lecting apparatus having a plurality of selec-
tive movements, primary controlling appara-
tus thevefor having sections of mechanism,
with a section corresponding to a plurality of
different selective movements, and secondary
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
operators’ cord circuits and mechanical
switching apparatus for joining the lines, a
plurality of controlling apparatus. for the
mechanical switching apparatus, means for
uniting a cord circuit with an idle control-
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
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

50

58

60

85

mechanism' temporarily associated with the
manually operable devices for registering
the conditions produced theréat, and trans-
mitting means' governed by the secondary
mechanism and operable while the manually

cperable 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-

ister switch provided with a. plurality of

motor mechanisms any one of which may be
connected with the starting switeh, and a

sending switch governed by the register

switch. ‘ :
5. In a telephone exchange system, the
combination with switching means compris-

ing operators’ connecting circuits and -me- |

chanical switching apparatus having a plu-
rality of selective movements, of a primary
controlling apparatus provided with a set
of keys corresponding to each sclective
movement 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 Dby the primary transmitting
mechanisms and with a sccondary transmit-
ting mechanism for each selective move-
ment of the switching apparatus.

6. In a t¢lephone exchange system, the
combination” with switching 1eans compris-
ing operators’ connecting circuits and me-
chanieal 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-
ary 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 second: vy
controlling apparatus with the primary con-
trolling apparatus, substantially as de-
seribed and for the purpose set forth.

7. Ina 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. Ina telephone line switching system, the

lines of the system being designated each by .

a plarality 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. o

9. The combination with a central station
and telephone lines extending thereto, of
connecting circnits and mechanical switch-

ing apparatus for joining the lines, a plu-

rality of automatic controlling apparatus

for the mechanical - switching apparatus,

means for uniting a conneeting circnit with
an idle controlling apparatus, means adapt-
ed to be set to govern the action of any one
of the contvolling apparatus, and means for
associating the governing means with the
controlling apparatus when said controlling

apparatus is united with the connecting cir-

euit. ' .
10. The combination with a central sta-
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tion and telephone lines extending thereto,
of comnecting civeuits and  mechanical’
switching apparatus for joining the lines, a
plurality of automatic controlling apparatus
for the mechanical switching apparatus,
means for uniting a connecting cirenit with
an 1dle controlling apparatus, a set of keys,
and means for associating the keys with the
controlling apparatus when said controlling
apparatits is united with the connecting cir-
cuit, ’

11. The combination with line selecting
apparatus, of a controlling apparatus hav-
i keys, antomatic registering means,
means for temporarily associating said reg-
istering means with the keys, and means
governed Dy the registering means for con-
trolling line selection while said registering
means and keys are dissociated,

12. The combination with line selecting
apparatus, of a controlling apparatus hav-
ing keys, an automatic register switeh,
means for temporarily associating said reg-
ister with the keys, and an automatic switch
governed by the register switch for conirol-

- Iing line selection when said register switch
tar) =

&0
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and keys are dissociated.

3. Controlling apparatus for line select-
ing appavatus comprising a plurality of sets
of manually operable contact devices, and a
plurality of automatic transmitting means,
cach 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 ¢
plurality of the sets of manually operated
contact devices, and means controlled by
said transmitting means for changing ifs
‘connection from one set of contact devices
to another. :

15. Controlling apparatus for line select-
ing apparatus comprising a plu ality 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 selectors including a plurality of
keys, a plurality of centrolling switch mech-
anisms, electromagnetic means for operating.
each switch mechanisim, and means for
bringing said clectromagnetic means succes-
sively under the influence of the keys.

17, Contrdlling apparatus for line select-
ing apparatus comprising a plurality of
sets of keys, and an automatic transmit-
ting switch governed by its initial move-
meut by one set of keys, said transmitting
switch therealter Gpow assuming its normal

_position operating under the influence of

anuvther set of keys.

1,014,174

18. Iu u controlling apparatus for tele-
phone line selectors, a plurality of keys, con-
trolling switch mechanism, electromagnetic
means for operating said switch mechanism,
means for bringing said electromagnetic
means successively under the influence of
the keys, and means whereby the switeh
mechanism must travel to its normal posi-
tion before it can be operated under the in-
fluence of another key. »

18. A controlling apparatus for auto-
matic switching apparatus comprising o
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-
ratus 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-

ling switches, and a plurality of sets of -

designation keys adapted when operated in
‘establishment of a conmection to cause the
repeated action of one of said controlling
switches. ' .

22. An electrical controlling apparatus
comprising a_plarality of keys, and auto-
matic controlling switches simultaneously
governed by different keys. :

23. A controlling apparatus for electrical

line selecting apparatus comprising a plu-
ality of keys, and automatic cotitrolling
switches simultaneously goyerned by differ-
ent keys, 2 controlling switch being also sue-
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 controllers governed by said regis-
ters, and means for switching ‘snid devices
into. operative relation to any register.,

26. In a controlling apparatus for elec-
trical line selecting systems, the combina-

70

75

80

85

90

88

100

106

118

120

128

189



10

1,114,174

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.

97. ‘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

AA

associated therewith Leing normally in op;
erative relation to said keys, and automatic
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
two subscribing witnesses, this twenty-third
dsy of September 1907.

EDWARD C. MOLINA.

Witnesses: ‘

WiiLiaM G. Braoverr,
Roeerr 3. SUTLIFFE,



