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To all whom it may concern.: .

Be it known that I, Franx R. McBzrry,
a citizen of the United States, residing in
the. town of New Rochelle, in the county of
Vestchester and State of New York, have
invented 4 certain new and useful Improve-
ment in Telephone Systems, of which the
following is a full, clear, concise, and exact
description.

My invention relates to a system of tele-
phonic circuits and apparatus designed for
the interconnection for conversation of the
telephones of a telephone exchange, and is
directed more particalarly toward the pro-
vision of a system wherein interconnection
between the telephones is effected through
the agency of automatic apparatus under
the control of an operator at the central
office to’ which the lines of the exchange
extend.s « -

-My invention has for its principal object
the provision of means whereby intercon-
nection between any two lines of a telephone
exchange system may be effected with the
greutest possible ease and rapidity by the

" use of cirenits and apparatus of the simplest

and least expensive character, with the mini-
mum of effort on the part of the subscriber
desiring connection, and. without Tequiring
special apparatus at the subseribers’stations.

‘Tn the so called automatic telephone sys-
tems. as commonly practised, it 1s the cus-
ton to provide at the central office of the
exchange automatic switches or selectors
upon which the lines terminate, and which
are adapted to effect intercommection be-
tween various lines of the exchange, these

© automatie switches being controlled in their

R

<
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operation by means of special calling appa-
ratizs' sometimes referred to as senders: or
controllers located at each subscriber’s sta-
tion and manipulated by the subscriber to

_ciuse the automatic switches at the central

office to complete the connection he desires.

# These systems.not only necessitate the pro-
* vision of special, and sometimes highly com-

plicated, apparatus at each substation, which
apparatus is nsually expensive and also lia-
ble to derangement: but they also impose
upon the subscriber the necessity of doing
the work incident to establishing the con-
nection between his line and the line for
which he is calling. In the so called man-
ughsystems, on the other hand, no special

.ex’ling. apparatus need be provided at the

stbscriber’s station, as these systems involve
the employment of an operator at the cen-
tral office who receives the call from the
subscriber, and performs the work necessary
to the establishment of the connection. But

60

in large systems of this character, a large

percentage of the calls for connection must
be trunked,—that is, each call must be
extended by means of a trunk line to a par-
ticular one of a number of groups into
which the lines of the exchange are divided.
The establishment of such a connection,
therefore, involves the services of at_least
two operators.—the operator who fisst &n-
swers the subscriber and obtains from him

the number of the line with which he desires °

connection, and the operator who presides

over ‘the distant end of the frunk line

through which cornection is made to the
partieular group in which the called line is
located. The trunking of a connection in-

“volves a conversation between the subscrib-

er’s operator and the trunk operator, in
which the trunk operator is apprised of the
nitmber of ‘the line called for, and in turn
informs the subscriber’s operator of the
number -of the trunk line over whieh the
connection is to be extended. This method
of completifig connection between two sub-
seribers’ lines not only necessitates the em-
ployment of a large force of operators, but
is also subject to objection arising from
error in repeating the number of the line
with which connection is desired. and in

designating the number of the trunk thatis

to be employed in establishing the connee-
tion.

The system of my invention aims to com-
hine the best features of operation of the
antomatic system and of the manual system,
and to eliminate the objectionable features
of both. In accordance with the embodi-
ment of my invention which I have herein
illnstrated, and which T shall describe,the
substation equipment is of the usual charae-
ter. and does not involve any special calling
apparatus. The subscribers’ lines extend to
a central office, where they are terminated
in such a manner that a call for connection
operates a signal that attracts the attention
of the operator. The operator is provided
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with switching means for putting herséif

into communication with the calling sub-
seriber and ascertaining his wants; and also
with connecting means through which the
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line of the callin g subscriber
ed to a circuit over which his line, without.

-3
may be extend-

any further -effort on his part, and with-
out requiring the services of another opera-
tor, may be brought.into connection with
the particular line for which he is calling.

- The circuit over which .connection with

‘ the called line is estftblished in accordance

10

with my .invention, is plovlded with an

automatic switch which has access to con-

" nection terminals of the line with which

connection 1s desived, and which. is under

. the control of a calling device adapted to be
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manipelated bV the opemtm who answers
the subseriber’s call. Upon receiving the
call of the calling subscriber the operator
sets the calling device with which she is pro-
vided, and when she has completed connee-
tion. with the trunk line extending to the
group in which the called line is included,
the automatic swit¢h at the other end of the
trunk operates under the eontrol of the call-
ing device, to select and establish connec-
tion with the particular line with which
connection is desired. In this way the work
which in an automatic system is performed
by the subseriber himself, and which re-
quires special calling apparatus at his sub-
station. is, in my systeny,-performed by the
operator at the central office ; while the work
of completing connection- with a called sub-
seriber’s Jine located in a particular. group
and at a point remote from the point where
the ealling subscriber is.answered, which
work is in a manual system performed by
a trunk operator in response to spoken in-
struction from the subscriber’s operator, is
in the system of my invention accomplished
by an automatic switch controlled by the

My invention also contemplates a number
of Jmpzowd Instrumentalities and circuits
for use in this or other systems. = The aunto-

matic switching apparatus which T have de-
vlsed for use in the system of my invention
is adapted to perform, under the control
of the operator who answers the subscriber’s

call, all the work incident to selecting, test-

ing, connecting with, ringing and discon-.

necting the called line which a trunk oper-
ator would perform wnder the verbal in-
structions of the answering operator; and
the calling device opel"xtod by the answer-
ing oper ator is ,maptcd to be set and con-
trolled by that operator to govern the move-
ment of the automatic switch in perform-
ing the various operatious referred to above.

Bmeﬂy stated, the embediment of my in-
vention illug‘stm‘ted #nd escribed herein op-

tes as follows: The act of the calling

Wbscriber in taking his telephone for wuse-

displays at a central station switehboard a
signal which leads the answering opérator
to mmnlf\te connection with the caﬂmg line

s by msertmo' one of the plugs of a pair of

1,126,046

connecting cords into a spring jack asso-
ciated with said signal. When the oper-
ator has learned the number of the line with

_which the calling subscriber desires con-
. nection, she sets her, calling devise to cor-
respond to the number of the desired line,

inserts the other plug of the pair of con-
necting cords into the spring jack of a trunk
line e\tmdmtf to the group of lines of which
the called line is one, and presses a key
which -brings the calling device into oper-
ative relation with the automatic switch at
the other end of the trunk line. As soon
as the calling device and automatic switch
are brought into operative. relation a-local
source of power associated with the auto-
matic switch is made operative to drive it,
and the movement of the switch p10duceq
impulses that in. turn serve to drive the
salling device. - The automatic switch has
a mumber of rows of stationary terminals
wired to the lines that terminate on the
spring jacks in tlie switchboard, and a num-
ber of movable terminals that ave caused
to pass over the stationary terminals in the
movement of the switch, each movable ter-
minal being arranged to pass over a par-
ticnlar row of stationary terminals. While

21l of the movable terminals are connected

with the trunk line, none of them is nor-
mally in condition to engage the terminals
of the row over which 1t moves, but the
switch is provided with mechanism that acts
under the control of the calling device to
select a particular one—or n'roup—of the
movable terminals, and bring it into posi-
tion to engage the qmtlonary terminals of
its associated row. The particular mov-
able terminal selected depends upon the de-
gree to which the movable terminals—which

' ,all move together—have been displaced from

their normal or resting position when the se-
lecting mechanism operates; so, inasmuch as
the automati¢ switch controls the movement
of the calling: device so that they both move

together, the operator,by setting the calling.

device to produce, ‘after a predetermined
movement, a current change that actuates
the selecting mechanism, is able to bring
about the operation of the selecting mecha-
nism of the antomatic switch at any pre-
determined point in its movement, and is
thus able to select and make active any de-
sired one of the movable terminals. The
movement of the automatic switch is
stopped by the operation of mechanisin ac-

. tuated by another current change controlled

by the calling device; and, as the extent of
moverent of the qelected movable terminal
of the switch at the moment it is stopped
determines the particular stationary- termi-
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scriber’s line—with which the movable ter-
minal of the trunk switch cempletes -con-
nection, the operator, by setting the calling
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device to produce this other current change
after a predetermined movement of the

-calling device, is able to» stop the cdrre-

spondingly moving automatic switch with
its selected movable terminal in engagement
with any desired one of the sfationa;‘y ter-
minals.  When the called line is' thiis se-
lected u testing relav is brouglit into action

" to prevent the trunk line ‘from being ex-

tended to the selected line in case the latter

/is busy, and to transmit a busy signal to

the ‘other end of the trunk. If the line is
not busy; connection with it is completed
and. ringing’ current is applied by means of
a gircwit which is aufomatically discon-
nected when.the called subscriber answers
thet call. The talking circuit of the trunik

(15 at the same time completed at this end,

and, «as the devices. at the other end of the
trul. fine have operated in the meanwhile
to disconnect the calling device and com-
plete the trunk circuit at that point, the
calling subscriber and the called subscriber
are- wow brought  inte communieation.
During the use of their telephones, both
subscribers have.control of the usual super-
visory signals before the operator. When
they veplace their telephones the operator
c'lisconnect’s, and the resultant change of cur-
rert flow in the circuit causes the return
31’ the antomatic switch to its normal posi-
ion. g

In the embodiment of my system illus-

other of the calling device and the automatic

switeh, the control of the called subscriber’s

supervisory signal, the transmission of the
busy signal if the line is engaged, and the
telephonic. communication between the sub-
seribers are all effected over the nsual single
pair of conductors. The control of the call-
ing device over the automatic switch 4o
cause it to perform its varions operations
of starting, selecting a particular movable
terminal, selecting and connecting with a4
particular stationary terminal and return-
ing to normal position is ecffected throungh
the medinm of switching apparatus at the
automatic switch end of the trunk, which
operates at each change of carvent flow pro-
duced by the calling device to shift the
eontrol. of the ealling device from one to
the other of the varieus operating cirenits
and mechanismg of the sutomatic switch.
"1 shall describe mv invention more in de-
tail by reference to the accompanving draw-
ings wherein—

Figuare 1is a diagrammatic representation
of the cireuit arrangement of one form in

# which the system of my invention may be

organized, portions of the antomatic switch
of the system being illustrated in perspec-
tive; IVig. 2 is a plan view of a calling device
genstructed in accordance with my inven-
Yion: Fig. 8, & plan view of the calling de-

vice with the cover removed; Fig. 4 a side
elevation of the calling device with the outer
¢asing partially broken away; Fig. 5 a ver-
tical cross section on line 5—5 of Fig. 3;
Fig. 6 a perspective of the plute carrying
one of the contact levers of the calling de-
vice; Fig. 7 a perspective view of another of

70

the plates with its associated switches; Fig. |

8, a.detail plan view of the controlling mag-
net of the calling device with its escapement
mechanism; Fig. 9, a front elevation of an
automatic connector switch embodying my
invention, the switch carriage being shown
rotated from its normal position in order
that the construction and arrangement of
the parts may be more clearly seen; Fig. 10,
a rear elevation of the antomatic switch with
its parts in the position shown in Fig. 9:
Fig. 11, a side elevation of the switch with
its parts as shown in Fig. 9; Irig. 12, a top
plan view of the same; Fig. 1%, a top plan
view with the movable terminals of the
switch in their normal position; Fig. 14 a
sectional plan view on line 14—14 of Fig. 9;
Fig. 15, a section on line 15—15 of I ig. 9;
Fig. 16, a perspective view of the switch car-
riage, or movable clement of the switch
carrying,the movable terminals with their
associated parts; Fig. 17, a perspective view
of the other side of the switch carriage;
Fig. 18, a detail view of some of the sta-

‘tionary terminals of the switch; Fig. 19, a

detail of one of the latches that hold the
movable ferminals clear of the stationary

terminals; Fig. 20, an énlarged detail, par-

tially broken away, of the interrupter seg-
ments of the switch; Figs. 21 and 922, en-
larged detail views of the tripping and reset-
ting portions of the automatic switch, Fig.
21 showing the relation between the tripping
mechanism and the bank of movable termi.
nals prior to the. tripping operation, and
Fig. 22 illustrating the relation between the
parts at the moment of tripping, and also
showing in dotted lines the tripped movable

. terminal as it rides up on the insulation of

the terminal block in which the stationary
terminals arc mounted; Fig. 23, a top plan
view of the disk portion of the magnetic
clutch that drives the switch: I 1g. 24, a
front elevation of the clutch, with the disk
portion shown in scction on line 2494 of
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Fig. 23; Fig. 25, a detail view of the contact

plate shown in Fig. 7, with a portion of the
escapement wheel of the calling device, to

illustrate the relation between the parts

when the escapement wheel is in its normal
position: and Fig. 26, a top view of the in-
terrapter segments.

I shall first deseribe the automatic switch
of my invention, which, under the control of
the answering operator. performs the office
of a frunk operator in establishing conmec-
tion with the called line.
prises primarily a number of stationary ter-

.This switch com--
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minals mounted in a terminal block, a
carriage or traveler carrying a number of
movable terminals or brushes, with means
for normally holding the movable termi-
nals or brushes clear of the stationary
terminals and for meéasuring the move-
ment of the carriage, a tripping device
for tripping any one of the movable termi-
nals so as to bring it into position to engage
the stationary terminals in the correspond-
ing row, a resetting device for restoring the
tripped movable terminal to its normal po-
sition upon the return of the carriage or
traveler, driving mechanism for causing the
movement of the carriage, a magnet for con-
trolling the operation of the driving mecha-
nism, and a frame to which all of the above
mentioned parts are secured and by means
of which they are supported. .
The supporting frame consists of a base
piece s%° to which two uprights 's** are se-
cured by means of two lugs s%°. These up-
rights are shown broken off at their upper
ends in the drawing, as they may be made
long enough to support a number of switches

S arranged one above the other. Above the

switch S the uprights s are brated by
means of a cross piece §**. The different
parts of the switch are secured to'the sup-
port in three groups, any one of which may
be detached from the support without dis-
turbing the others. One of these groups in-
cludes the stationary terminals ¢* in their
mounting block and one part of the inter-
rupter which measures the movement of the
switch carripge. The second group consists
of the cargiage or traveler carrying the mov-
able termimals s*, the other element of ‘the
interrupter, the tripping mechanism, a cam
switch associated with the carriage, and one
element of the magnetic clutch by means of
which. the carriage is driven. The third
group comprises the power shaft and the
other element of the magnetic clutch.

“The stationary terminals s* consist, in the
present instance, of metal punchings, which
may -conveniently be of brass and have the
“form illustrated in Fig. 18. These punch-
ings are mounted iun parsllel rows in a ter-
minal block s% of hard rubber, or like suit-
able insulating wmaterial. The {ferminal
block 8% is-substantially semi-cylindrical in
form, and for convenience in manufacture
riay be divided into two—or more—parts,
as showt, The holes in the terminal block

in which the stationarv terminal punchings-

s* are placed may be formed, in any con-
venient magher, but I prefer to produce
them by mjlling a number of vertical slots

in the Ing™i*face of the cylinder s*°, and a -

number & horizontal slots in the outer face,
the series of slots-being milled déep enough
to intersect each ¢ther:and’ foim holes at
the poings of intersection. In this way, the

openings for, the terminal punchings are

1,126,046

formed more readily than they would he-

by drilling each hole separately.” In the
present instance, I have illustrated the
switch as being provided.with sixteen hun-
dred and twenty stationary terminals ar-
vanged In thirty parallel horizontal rows
having fifty four terminals in each row;
and I have shown the texminal cylinder §*
as being divided = horizontally. into two
parts, each containing halfl of-tlie terminals.

The terminal punchings s* atle prefeiably
formed with shoulders s** unear their for-
ward ends, as shown in IFig. 18, these shoul-
ders being adapted to lie against the front
walls of the hovizontal slots in the terminal
hlock to limit the forward movement of the
terminals. The sides of the shoulders
also provided with arc shuped depressions,
s0 that insulating rods 5% mhy be thruast be-
tween vertical rows of the stationary ter-
minals to hold them in position in the ter-
minal block.. The contact faces of the sta-
tionary terminals s* preferably project
slightly beyond the plane of the inner sur-
face of the terminal block, and nee formed
at such an angle that the lift of the movable
terminal or brush as it paszes overtthe pro-
jecting ends of the sta.donary terminalg is
gradual, and its movement, thervefore, little
impeded. By inclining the angle of the
projecting portions of the stationary ter-
minals to the movement of the movable ter-
minals or brushes; there is also less liubility
of the brushes forming a bridge across and

short cireuiting adjacent stationary termi- 1

nals.

The terminal blocks or eylinders $%. with
the terminals §' mounted therein, are se-
cured to three arc-shaped metallic support-
ing strips s°¢ by means of bolts ¢*7. The
supporting strips ¢ are provided with Ings
at their ends adapted to enter the slots in
slotted bolts s carried by the uprights
of the frame, and to be clamped in position
by nuts-screwed upon- the bolts.

Between the top of the upper terminal
cylinder or block and the are-shaped sup-
_porting strip 5%, are held two segmental
plates s* and-s® constitnting the stationary
element of the interrupter that measures the
movement of the earringe over the station-
ary terminals. The segmental interrupter
plates ¢¢ and s* are insulated fromy each
other and from the other portions agf the
machine by strips of insulating ma¥erial,
and their front or inner edges arefigorru-
gated or scalloped as shown more' [iliily in
Iig, 20 and Fig. 26. The two interfupter
plates are so mounted that their corruga-
tions or scallops are offset, the crest of each
corrugation in one of the plates lying over
the trough of the corrugation in the other
plate. The corrugations in the interrupter
segments correspond with the statjonary.
terminals &' in each of the hotizont. srows,
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and the interyupter segments are so posi-
tioned with réspect to the associated sta-
tionary terminals that the troughs of the
corrugations of the active segment s° lie
directly over the centers of the contact faces
of the stationary terminals in the horizontal
rows. :

In the particular switch which I have

_ Ulustrated, the movable terminals & are

10

15

20

shirty in number, there being one for each
of the thirty horizontal rows of stationary
terminals §*; and each of the movable ter-
minals ¢* is so located as to pass over the
contact faces of the stationary terminals in
the corresponding row. Fach of the mov-
able terminals or brushes s* is made in the
form of a lever, one extremity of which is
rounded to form a contact face s*, asshown,
for instance, in Fig. 21, while the other end
of the lever has a notch or shoulder s*

. adapted to coSperate with the latch s° for

30

45

holding the lever normally in a retracted
position.
fulerumed at about its center upon a rod
8%, from which it is insulated by an inter-

posed insulating bushing s** of hard rubber .

or lilze material, the bushing also protruding
on one side of the movable terminal lever
and serving as a spacer to keep it separated
from the neighboring terminal lever. Kach
movable terminal lever s* is also provided
with a laterally extending arm s** which en-
gages a flat strip of metal or leaf spring s
that serves to give the lever a normal tend-
ency te move in a direction to bring its con-
tact face 8% into engagement with the con-
tact faces of the stationary terminals s* over

- which it is moved, and which also serves

40

“as a conductor to connect the movable ter-

minal with its circuit..

The movable terminal levers §* gre ar-
ranged in ten-sets of three levers each, and
these ten sets are connected in multiple to

- the three conduétors of the trunk with

50

. leaf springs so
thres combs punched out of sheet metal.

55
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which the switch is associated. The three
levers at the top of the series or gang of
thirty form one set, the next three levers
another set, and so on. The connection of
the ten sets of movable terminal levers.-in
multiple with the three conductors of the
trunk line through the medium of the leaf
springs %, is simplified by constructing the
that they form the teeth of
This construction is seen most clearly in
Fig. 16. The combs are punched with space

for two movable terminal levers between -

each tooth and its neighbor, and the teeth
on the three combs are cffset so as to cause
the teeth of the first comb to engage the
latera] arms s** of the first, fourth and sev-
enth movable terminal levers, the teeth on

the second comb to engage the arms on the

second, fifth and eighth levers, and the teeth
on the third comb to engage the srms on

The movable terminal lever is

8

the third, sixth and ninth levers, and so on
throughout the series. TFor convenience in
manufacturing the particular switch which
I have herein illustrated, two sets of three

combs each are employed for completing

connection with and bringing the requisite
pressure to bear on the thirty movable ter-
minal levers; but it will be understood that
a single set of three combs, each of double
the length of that shown, and with it3 teeth
corréspondingly arranged could egually well
be employed. Each of the combs is pro-
vided with a terminal lug §*° to which may
be connected the conductor that joins the
comb and its associated terminal levers with
the truak circuit. The combs are insulated
from each other and from the frame of the
machine by means of interposed thin strips
of insdlating material, and all are fastened
together and secured to their support by
machine screws separated from the combs
through which they pass by means of in-
sulating bushings. :

Parallel with the fulerum rod s** of the
saries of terminal levers, is a contact rod s*',
which is normally slightly separated from
the lateral arms of the levers, and is in

position to be engaged by the arms of any.
“set of levers that is released and permitted
to move under the influence of its associated

leaf spring s**. This contact rod is provided
with insulated bushings where it is support-
ed upen the frame of the carriage, and is
provided with a terminal lug at its.upper
end-by means-of which a conductor may be
connected with it.

Each set of three movable terminals has
associated with it a latch s°, by means of
which its three levers are normally held
with their contact faces retracted from the
surface of the terminal block. Each latch
s3 consists of a leaf or flat strip of spring

‘metal secured at one end to the frame of

the carriage, and at that end preferably
formed. integrally with the like ends of the
other leaf springs of the series, the springs
being preferably formed by sawing deep
parallel slots in a shee: of spring 1uetal.
The free extremity of each latch spring is
cut down to form a tongue s** adapted to co-
operate with the tripping device, and on the
foriward end of the latch spring just to the
rear of ,this tongue is mounted a block s*°
of insulating material in which are embed-

ded- three metal pins that project loosely

thereof, and form the catches s that nor-
mally hold the three terminal levers of the
set in position by engaging the notches s*
in the ends of their rearwardly extending
arms. The catehés s°° are mounted in the
insulating block and insulated from each
other and from the latch spring in order to

‘prevent the three -conductors extending to

the sets of movable terminals from being
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short circuited in the terminals other than
the particular set selected. The backward
movement of the latches s* is limited by a
stop rod s*, and the forward movement is
limited by another stop rod s%. .

The movable terminals s* with all their
associated parts, as described above, are

_supported upon the frame of the carriage or

movable portion of the switch. The sup-
porting frame consists of an upper arm s%
and a lower arm s°, each held to the rotating
shaft $% of the machine by means of a set
screw passing through the hub %, or in
any other suitable manner. Kach arm has
a horizontally extending portion, the outer
end of which is enlarged and supports the
corresponding ends of the fulecrum rod s*%,
the contact rod s*", and the stop rods ¢** and
&%, and a vertically extending portion on
the other side of the hub s%; to which is se-

“~.cured a channel bar 87 to one flange of which
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the springs of the latches ¢* are secured, and
to the other flange of - which are secured the
combs bearing the leaf springs s*° which
coninect with and.apply pressure to the mov-
able terminal levers. Intermediate the up-
per and lower supporting arms % and s,
1s another supporting arm .s*%, which is se-
cured to the same parts of the carriage and
in the same manner as in-the case of the
other two arms. R .

On the upper arm % of the supporting
frame is mounted the moyable element s*°
of the interrupter, the stationary element
of which is made up of the two corrugated
segmental plates ¢ and s*. The movable
element s*° of the interrupter is in the form
of a lever of thin sheet metal with its for-
ward end bext outwardly, and given a tend-
ency to press against the two segmental
interrupter strips by means of a helical ex-
tension spring stretched between ‘the other
end of the interrupter lever and a pin car-

- ried by the upper supporting arm 2. The

lever is fulecrumed toward its rear end upon
a pin having one .end supported in the for-
ward extremity of the arm % and the other
end supported in the end of a bent strip of
metal also secured to the upper arm s®.
As the carriage moves, the contact brush
s*¢ of the interrupter is adapted, on account
of the offset arrangement of the corrugated

segmental. plates s and s° te ride first on.

one plate and then on the other, making
contact with the plates alternately. '

. Mounted npon the rotating shaft s*® be-
low the carriage with its movable terminal

" and their associated parts, is a cam plate

60
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§'% adapted in its rotation to operate a
switch: comprising in. the present instance
twelve switch contacts designated in the
drawings 7 through &%, inclusive.. The
cam plate is provided with a central hub
through which the rotating shaft passes,
and which is secured to the shaft-by means
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of a set screw, or in any other convenient.

manner. The cam plate §'° is provided with

a notch or depression % in which the roller .
§' on the end of the actuating lever of the .

switch rests when the carriage is in ifs nor-

-mal position, and with an elevated portion

$% upon which the switch roller rides during
a part of the movement of the carriage.

The degree of movement imparted to the”

acvuating member of the switch by means of

the cam plate during different portions of

786

its rotation is such that certain changes of -

relation of the switch contacts to each other
take place in each of the three positions of
the cam with respect to the roller,—that is,
when the roller lies in the notch or depres-
sion 5%, when it has ridden up upon the ele-
vated portion %, and when it has descended
to the intermediate portion that constitutes
the balance of the periphery of the cam.
The contact springs of the cam plate are
arranged ‘in two banks, or double-decled,
and their relation to each other in the dif-
ferent positions of the cam with respect to
their actuating member may perhaps be
more clearly explained by reference ‘to the
circuit diagram of the drawing—Fig. 1-—

8C
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where the springs are shown spread out in -

a single bank or layer. When the roller
rests 1n the notch or depression of the cam

and the carriage is in its normal or howme.

position, the springs occupy the position
with relation to each other as illustrated in
the circuit drawing; that is, springs ' and
&%, & and s%, lever ¢ and spring s%, and
springs s** and s*%, are separated from each
other, while spring s** is in engagement
with spring s*, and spring §** is in engage-

ment with spring . When the roller has

ridden on to the elevated portion % of -the

‘cam, spring s engages spring s, spring
"§** engages ‘spring s*,-lever s*' engages
“spring s*%, spring s** breaks contact with

spring s** and engages spring %, and spring
s° breaks contact with spring s*. When
the cam has been so far rotated that the
roller 8 rests upon the intermediate portion
of the cam, switeh spring s remains in en-
gagement with spring ¢, spring §'° remains
in-engagement with spring s*° and spring %
engages spring s*°; but the actuating lever ¢
breaks contact with spring s*; and spring
§** breaks contact with spring s but with-
out moving into engagement with spring-s*,

It will be understood that the shupe of
the cam &° may be such as to operate the

switch springs m any mauuer desired, and .

at any time with respect to the movement of
rotation of the switeh. Ti will ‘also be nn-
derstood that any convenient arrangement
of switeh springs may beé employed, the
number and arrangement of the springs and
their reélation to the cam depending upon

the *requirements. 'of the civcoit used with. -,

the switch.
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In the switch as illustrated, a plate or
disk s%* is secured to the shaft s5 below
the cam s, in order to form about the
shaft, and between this plate or disk and.
the cam, a spool or bobbin-upon: which may
wind the small cablé of conductors that con-
nects with the external circuit the contact

parts associated with the movable switch

carringe. The cam ¢° is provided with a
number of bushed perforations, -through
which the conductors extend from the ca-
bis wound upon  the bobbin to. their ter-
minal points upon the switch carriage. In
the form of switch herein illustrated there
is also provided an extra set of contacts s**
mounted at.the top of, the switch frame,

_and operated by a small disk % secuved

to the top of the rotating shaft s and

carrying an insulated part which engages-

and forces the springs $** into contact when
the switch carriage is resting in its nor-
mal position. The contacts s** are opened
only after the carriage of the switch has
moved far enough to cause the operation
of the switch springs that are moved by
the cam 55 at the other end of the shaft.
The switch earriage, including the mov-

_able terminals of the switch with their as-
" sociated parts; and the tripping mechanism,
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which I shall describe hereinafter, are
mounted upon a portion of the frame sep-
arate from that w}f)jch carries the stationary
terminals and other parts of the switch.

The supporting frame for the switch car-:

riage and.the tripping mechanism Fonfsists
of two metallic cross pieces §% and s* ex-
tending across the main frame parallel with
each other, and secured to the uprights g
of the main frame by the upper and lower
slotted bolts 8%8. These parallel cross pieces
s and s% are held together in fixed rela-
tion independently, of the mdin’ frame by
means of the metal posts s% that extend
transversely betweén the extremities of the
cross pieces. Within the frame thus formed-
is mounted the rotating shaft upon which
the switch carviage is supported, the shaft
having journals at the middle of the cross
pieces s°% and %,

1 have heretofore referred to the latches
associated one with each of the sets of mov-
able terminals, which latches normally hold
the terminals retracted and out of position
for engagement with the stationary ter-
minals over which they are moved. In or-
der that the latches may.be operated se-
lectively to release and render active any
desived .set of the movable terminals, the
switch is provided with electro-magnetically
actaated tripping mechanism, preferably

. mounted, as‘shown, upon the portion of the

frame of the switch which carries the group
of movable terminals with their latches and
assocjated parts. This tripping mechanism
comprises. in the present instance, an elec-

7

tro-magnet,.an armature therefor, and a
tripping bar which is moved by the mag-
net through the medium of the armature.
The tripping magnet ¢ is mounted upon a
lateral extension of the lower cross piece
&% of the carriage supporting frame, the

magnet depending from the lower side of -

_the cross piece, while its core protrudes
-through the cross piece to form a pole piece
on the upper side thereof. The lower end;
of the magnet is provided with a yoke which
conneets the core of the magnet with an
iren rod constituting the return pole piece,
thig return pole, piece lying parallel. with
the magnet core and the upper end protrud-
ing through the lateral extension of the
‘cross piece §%* upon which the magnet is
supported. The cross piece §* is made of
non-magnetic material, such as brass, to
avoid short circuiting the lines of magnetic
force where the magnet core and pole piece
extend through it. The ends of the mag-
net winding are preferably led tos punch-
ings mounted upon a lrard rubber terminal
block sscured to the yoke of the magnet,
The past of the tripping mechanism
which is sctively ¢dncerned in selecting and
tripping aiy desived one of the latches as-
sociated withr the sets of movable terminals,
is in the form of an open frame, consisting
of & supporting strip §°¢ pivoted at one end
in the upper cross piece s° and at the other
end in the lower cross piece s, and having
‘obliquely projecting arms s upon the ends
of -which -the tripping bar s* is ‘secured.
- The "tripping- bar &, m order to give it
greater rigidity, may be made of an angle
strip, and may be provided with a number
of teeth & projecting toward the center of
the switch, and arranged .in horizontal
planes adapted to bring them into engage-
ment each with a corresponding one of the
tongues of the tripping levers when the
trip magnet ‘is energized as the switch
.carriage 1s moved. To the lower end of
the tripping frame the armature s? of the
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tripping magnet s° is secured. The lowei -

end of the tripping frame is pivoted in
close proximity to the upper end of the
return pole piece of the magnet, and the
armature s7 ig secured to the frame in
such a way that one end is close to the re-
turn pole piece while the other end is close

115

to the pole of the thagnet. When the mag-.°

net is energized the free end of the arma- ;

ture is attracted to ‘the magnet pole, thus
causing the tripping frame to rock upon its
pivots and- thrust the tripping bar inward
toward the center of the switch, where its
teeth are in position to engage the latches
of the movable terminal Jevers. The arma-
ture s7 is given a normal tendency away
from the pole of the tripping magnet s® by
means of a heljcal compression spring whicn
is interposed between the armature and-a
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lug carried by the lower cross piece s%.
This is clearly shown in Fig. 15 of the draw-
The armature ¢” also carries an in-
sulated contact piece, which in the normal
position of the armature is held in engage-
ment with an adjustable contact mounted

. upon but insulated from the lower. cross
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pilece s°*. ' This pair of contacts I have
designated s in the drawing. '

The selective operation of any one of-the’

ten latches by means of the single tripping

device is effected by establishing such a rela-

tion between.the codperating parts that the
latches pass -the tripping device one after
the other in the movement of the switch.
As a vesult if the tripping mechanism is op-
erated at a certain instant during the move-

ment of the switch carriage, a certair .atch-

will be tripped to release its associated mov-
able terminals, if at another instant during
the movement of the switch carriage a dif-
ferent set of movable terminals will be re-
leased, and so on, any particular set of
terminals being selected and rendered active
by eausing the operation of the trip magnet
at any given instant after the commence-
ment of movement of the carriage. In the
present form of switch, I have effected this
relation conveniently by inclining the trip

bar with respect to the line of latches with .

which the trip” bar codperates, so that the
bar and the line of latches form an angle
with respect to each other. Inasmuch as
the row of latches is more conveniently ar-
ranged in a vertical line, I have found it
desirable in the present instance to secure
the above mentioned angular relation be-

tweén the line of latches and the tripping.

bar by pivoting the tripping frame so that
it stands obliquely with respect to the frame
of the machine, the ‘\E{)pen pivot of the
frame being furtligr’ aMvanebd in a clock-
wise direction around the excumference of
the machine than the lower pivot. The. ob-
lique line of the engaging ends of the trip-
ping teeth is curved as illustrated most
clearly. in Figs. 21 and 22, to confornt to the
curvatare  of the movement of the line of
lateh tongaes s'*. With the relation between
the two part: established as described, as the
vertical line of latehes moves past the ob-
lique line of the tripping bar in the rota-
tion of the earringe. tha point of intersec-

“tion hetween the fwo is progressively shifted

along the Hne of latches from its lower to
its upper end, so that Ly properly timing
the actuution of the tripping magnet the
trip har can he eameed fo come info engnge-
ment with the line of Iatchies at any point
:ﬂ\m;’: it from one end to the othoer. and thos
miny he eansed fo cperate any desired one
off the Yatehes in the Tine. 1t s obviens that
b aeranging the latehes inoan oblique line
and the trip bar in n vertical line the same
sort of selective agkion of the trip bar npon
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the latches would be secured, as the latches
were carriéd past the bar one after another
in the movement of rotation of the switch.
Or the latches might be arranged’in a hori-

zontal line and be carried past a single trip-

ping tooth as the. switch carriage is caused
to xotate about its.vertical axis. But I bave
found it more convenient’ to arrange the
latches in a vertical line and the tripping
bar in an oblique line, as shown and de-
scribed herein. ‘
Inasmuch as the selective control of the
tripping mechanism over' the latches of the

70
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sets of movable terminals is dependent upon -

the degree of mtvement of the movable
terminals from their normal position when
the tripping mechanism is operated, it is
necessary to provide mechanism for meas-
uring accurately the movement of the switch
carriage during the stage of the operation
of thie switch which involves thé selection of

a set of movable terminals, and to so locate .

this measuring mechanism as to establish a
definite relation between it and the position
of the latches of the movable terminals and
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the tripping bar with which it coperates. .

The elements of the mechanism employed
for measuring the movement of the carriage
during this stage of the operation, and for
cobperating in -the control of the tripping
mechanism, are extensions of the two inter-
rupter segments s* and 's° together with the
interrupter brush '°., The extensions are
of the same characler as the segments s® and
$° which havé heretofore been described,
and are insulated from each other and from
the frame of themachine in a similar man-
ner. Both extensions Jave their inner faces
corrugated, and are so mounted that the cor-
rugations of the two segments are offset
with respect to each other, the crests of the
corrugations in one beéing opposite the
troughs of the corrugations in the other, as
llustrated in Fig. 20 and Fig. 26. Asinthe

case of the main portions of the interrupter

segments already described, the interrupter
brush 8% is adapted to travel in engagement
with-one of the segments until the engage-
ment is broken by its being lifted from the
depressed: portion. of one segment by en-
gagement with an elevated portion of the
other segment. In this way as the carriage
with its asspeiated interrupter brush rotates,
a contact is made intermittently between the
brush and one of the segments. The num-
her of intermittent contacts made measures
the extent of movement of the switch car-

riage and its assoclated parts including the .

maevable terminals and their latches with re-
spect to. ther# tionary part of the switch in-
cluding the. stationary terminals and the
tripping mechanism.
the various parts is such that the contact be-

The relation between
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tween the interruptersbrush and the active -

interrupter segment is broken in the:move-
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pression in the upper side of the rim 5™ of
the disk and a protrasion on the under side
of the disk, while the.dent s™ which is
deeper at one end than at the other is formed
to cause a depression on the under side of

- the disk and a protrusion on the upper side.
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As iltustrated in the drawings, the clutch
magnet occupies a position somewhat offset
with respect to the driven disk or plate g%
of the switch ecarriage; that is, it is so
mounted with respect to the disk that the
bead 3% of the magnet is presented to the
disk at n considerably greater distance from
the center of the disk than the point at which
the head ¢ of the maguet is presented. I
have already stated that the head ¢ of the
clutch magnet is of somewhat greater diam-
eter than the head s**. As a result, the disk
&% being adapted to rotate in a plane sub-
stantially pavallel to the axis of the power
shaft 7 the head s** normally lies closer to
the plane of the surface of the disk ¢** than
does the head s**.  Therefore, when the
clutch magnet is energized a greater attrac-
tive force would ordinarily be developed
between the head s and the disk than be-
tween the head ¢ and the disk. DBut, as
has been described, when the switch car-
riage is in its mormal position the disk ¢*?
lies with the dent '8 directly over the head
&%, and with the dent ™ directly over the
head s Consequently, in the normal po-

sition of the switch carriage, the downward

protuberance caused by the dent s™ brings
the rim of the disk into close relation with
the head s, while the depression on the
under side of the disk caused by the dent
&7 causes the rim of the disk to lie consid-
erably farther than'its normal distanee away
from the head s**. When the clutch mag-

is ~nergized, therefore, while the switch
carriage is resting in its normal position, the
attimetive force developed between the
smaller head ¥ and the disk §'% is consider-
ably in excess of that developed between the
larger head s** and the disk, and as » result
the disk is drawn intc engagement with the
head s and is tilted away from the head
Bui, on the other hand, if the switch
carriage is not resting in its normal posi-
tion, the dents s™ and s no longer modify
the normal relation wherein the surface of
the disk lies closer to the head s than to
the head &%, and as a result when the clutch
wagnet 1§ energized, the disk is attracted
into engagement with the Inrger head s
and iz tilted away from the smaller head .
In both ecases when the clutch magnet is
deiinergized the clasticity of the diaphragm
§% at the center of the disk immediately

s,

~draws the disk out of engagement with the

head and restores it to 1ts normal position.

Tn orvder that the switch may  operate
propevly, it is degirable that the element of
the  cluteh  magnet  throvgh  which- the
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power of rotaiion is applied to the car-
riage of the switeh shall be free to move

into and out of engagement with the rotat-

ing part, under the influence of the electro-
magnetic action, but at the same time shall
be rigidly connected to the shaft of the
switch carriage with respect to the rota-
tional movement thereof. This purpose is
served admiramy by the construction which
I have illustrated and described, which in-
volves the elastic diaphragm as the connect-
ing medium between the shaft of the switch
carriage and the armature of the magnetic
clutch. This elastic connection leaves the
disle free for flatwize movement into engage-
ment with the clutch magnet, but helds it in
rigid connection with the shiaft of the switch
carriage to rotate the latter.

I have heretofore mentioned the fact that
in my preferred form of switch, as illus-
trated and, described herein, the disk s** and
thé clutch magnet are preferably so related
that the head &® js adapted to engage the
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disk at a greater distance from the center .

of the disk than the head s**. This arrange-
ment is employed for two purposes; one is
to canse the switch carriage to move faster
when the disk’'is in engagement with the
head ¢** than when it is in engagement with
the head ¢*%; and the other is to keep sepa-
rate the paths of engagement of the heads
with the disk, so that either path may he
given whatever characteristics it may re-
quire without affecting the other path.
Thus the path of engagement of the head s
with the digk requires that at a certain point
a dent s of a certain form shall he pro-

_vided, while the path of engagement of the

head ¢** with the disk requires that at a cer-
tain point a dent 5 of another form shall
be provided. By causing the-heads to en-
gage at' different distances from the center
of the disk neither dent is brought into the
path of movement on the disk of the head
with which 1t is not associated.

The driven disk §* i provided with a
vivet &% having a head which projects on
the under side of the disk i cloge proximity
to the deep end of the dent ™ and which
forms a stop for preventing the disk being
driven beyond this voint by the licad s in
the return movement of the switch carringe.
As has been stated before, when the switch

-arriage is in its normal position the dent.

s™ lies directly over the head ¢ of the cluteh
magnet, while the dent s lies directly over
the head s, s0 that the energization of the
magnet canses the disk to be deawn into
engagement with the head ¢ and to he
tilted away from the head %, The rotation
of the power shaft 7 1s stich as to cause the
switch carriage to be rotated in a clockwise
direction when the disk §* is in engagoment
with the head %, so that after the magnet
has been energized the carviage is rotated
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such thaj the interrupter brosh breaks con-
tact "wit” . ¢ corrugation of the active seg-
ment ju%tﬁgefore the line of latches is car-
ried past each tooth of the interrupter bar.
Assuming that the group of movable termi-
nals ¢* which is to be selected and tripped is
the group located next to the upper or last’

" group of the series—that is, the ninth group

in the order in which the groups are adapt-
ed to be tripped or released—the trip mag-
net s° ig energized at the instant the inter-
rupter brush §'° has been lifted out of en-
gagement with the tenth corrugation of the
active segment by riding onto the tenth
corrugation of the dead segment. The trip
bar s* is thereupon thrust forward to move
its tripping teeth & into the plane of move-

"ment of the latches, and is held in its ad-

vanced position long enough to permit the
latch which is passing the point of inter-
section of the tripping bar and the line of
the latches to be engaged and operated. -
The action of the tripping mechanism in
releasing the next to the last groip of mov-
able terminals, as assumed above, is illus-
{rated in Figs. 21 and 22 of the drawings.
In Fig. 21 the switch carriage with its mov-
able terminals and line of Tatches s% and the
trin bar's* are shown in the relative position
which shrey occupy at the instant the inter-
rupter brush s is Jifted off of the tenth cor-
rugation of the active segment s* of the in-
terrupter by its engagement with the tenth
corrugation of the dead segment s° Fig.
22 illustrates the changed condition which
1s produced a moment later bv the action
of the trip magnet in thrusting the trin
bar s* forward sc as to bring its ninth tooth
¢% irito the path of movement of the ninth
latch * as the switch carriave is carried in
its continued rotation into the slichtlv fur-
ther advanced position in which it is shown.

"As the switch carriage moves forward it

mav be seen from the illustration that the
lateh is held in a stationary position bv ther
tooth which it engages so that the entches
8% are withdrawn from the ends of the
levers of the movable terminals, permittine
them to thrust their contact faces forward
until their movement is stopned by the en-
gagement of their lateral extensions s* with
the contact rod s*". An instant later the

. trip magnet is deénergized so as to permit

60

the retracti~n of the trip bar & and pre-
vent the trinning of the next latch as it is
mov: 4 past the bar. ‘

As the switch carriage continues to move
after the trinrping of a narticular set of
movable terminals s?, the interrupter brush
g1 is carried past the last scallon or eorru-.
gation on the extension of the dead inter--
rupter segment s°, and onto an elevation of
the active segment s* which extends over a
space of several corrugations at the point

“where the main portions and the extensions

1,126,046

of the interrupter segments join. This long
elevation of the active segment s* T term the
“long tooth.” During the stage of move-
ment of the carriage in which the inter-
rapter brush & is moving over the face of
the long tooth, the cam disk s is rotated
into position whege the roller s'¢ of the cam
switch is permitted to ride down off of the
elevated portion ¢% of the cam to the por-
tion having an intermediate elevation, this
movement of the cam switch occurring just
before the interrupter brush leaves the long
teoth. This moveinent of the cam switch
produces a number of changes in the rela-
tion of its switch springs to each other,
which ¢hanges I have described hereinbe-
fore. The set of movable terminals which,
from the moment they were tripped, have

- beei lying in engagement with the contact

rod s*, ride up on the insnlation of the sta-
tionary terminal block s** just before the
movement of the carriage has carried the
interrupter brush off of the long tooth, and
are tilted so as to interrupt their engage-
ment with the contact rod s*7.

Beyond the long tooth the movement of

the switch carriage carries the interrupter

brush over alternately arranged corruga-

tions of the active segment s® and the dead

segment 5% and at the same time causes the g

movable terminals 5% té traverse the station-
ary terminals &', the movable terminals of
the group that has been tripped being in
position to make contact with the stationary
terminals of the rows over which they pass
and the other movable terminals of the series
being held clear of the stationary terminals
in their corresponding rows. The relation
between the corrngations of the active and
dead interrupter segments and the vortical
rows of stationary terminals on the one
hand, and the interrupter brush and mov-
able terminals on the other hand. s such in
the particular form of my switch which I
am describing that each ¢levated portion of
the dead corrugated segment *—that is,
each depressed portion of the active corru-
gated segment s*—lies divectly above ene of
the vertical rows into which the stationary
terminals fall. :

The movement of the switch carringe con-
tinues uninterrupted until, by the movems ¢
of the interrupter brush ¢*° off of one o -
other of the series of corrngations or he
active segment and on to the corvesponding
corrugation of the dead segment, the clutch
magnet §" is deprived of energizing current,
and the carriage comes to rest with its se-
lected and tripped movable terminals in con-
tact with the stationary terminals of the cor-
responding horizontal rows that lie in the
vertical line on which the interrupter and
line of movable terminals has stopped.

Assuming that the upper or tenth group
of movable terminals has been tripped, and
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the upper end of which is pivoted in a sup--

porting bridge e* that is fastered to and ex-
tends between the poles of ths magret ¢,
while the other end is pivoted upon s pivot
serew which extends through the center of
the yolke piece ¢® of the magnet. The sup-
porting bridge ¢ consists of a piece of
non-magnetic metal that lies flat across the
tops of the pole pieces of the magnet, is
bent down along the sile of each pole ‘piece,
and is bent again at cach end at right angles
s as.to form feet for supporting ifself upon
the top of the frame plate. T
of the magnet ¢ extend loosely through
holes in the frame plate, and are fastened to
the bridge piece ¢ by means of screws
which pass through the vertical portions of
the bridge piece and into the faces of the
pole pieces opposite the faces which attract
the armature. An adjustable stop, ¢ con-

sisting of an angular lug fastened to the top -

of the frame plate and having an adjusting
screw extending horizontally -through one
of its arms, is provided to limit the back-
ward movement of the armature.

The switch mechanism of the calling de-
vice comprises two contact devices illus-
trated in perspective in Figs. 6 and T of the
drawings. Tach of these contact devices
consists primarily of a contact lever ¢, ¢,
respectively, conveniently formed of a metal
punching having its two arms at an angle
to each other and pivoted at the angle of
the arms to a flat plate ¢, Kach of the
contact levers has a helical extension spring
¢®* extending between an upturted portion
at one end of .the lever arm and a'pin or
abutment upon the asséciated contact plate
¢**; and, each contact lever is provided with
an upturned portfon e** on its other arm
bearing an adjustable platinum tipped
screw, which is adapted to be held pressed
against a codperating contact post mounted
upon but insulated from the plate ¢* to
constitute the contact ¢* of the contact lever
¢’ and the contact e** of the contact lever
¢*®, respectively. The extreme -end of each
of the contact levers ¢ and ¢* is formed to
extend at an angle to the arm of the lever
of which it forms a part, and to project be-
voud the plate upon which the lever is

~mounted and into position to be engaged by

a part carried by the escapement wheel.
The face of each of these protruding por-
tions ¢** and ¢* of the levers ¢'* and ¢, re-
spectively, is preferably formed to present

" an inclined plane to be engaged by the part
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carried by the escapement wheel, so that the
lever may be gradually displaced in the ad-

-vance of the wheel as the moving part en-

gages the end of the lever. It is of course
obvious that the levers ¢'* and ¢** with their
associated parts may be constructed in a
variety of forms which will equally well se-

The pole pieces
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re the operation for whiclh they ave de-
signed. '
. The plate ¢* illustrated in Fig.'7, in ad-
dition to-its contact lever e with its asso-
ciated parts, carries a group of switch
springs ¢*, consigting of three springs
mounted upon but tnsulated from the plate
-¢*, and normally separated from each other,
but adapted to be thrust into contact with
each other when engaged by a part carried
by the escapement wheel ¢*. This plate also
carries & pointer or index finger ¢, the pur-
pose of which will be explained later.

The means by which the escapement
wheel ¢* in its -movement causes the oper-
ation of the contact levers ¢'® and &% de-
scribed above, consists of the projecting
nose ¢*° of a lever ¢®) which is secured to
the escapement wheel at the other end of
the lever so as to be capable of swinging
through a small are. A short arm extend-
ing laterally from the fulerumed end: of the
lever is connected with the escapement
wheel by means of an extension spring ¢%,
so that the lever is normally held in position
with the nose ¢* protruding slightly beyond
the periphery. of the escapement wheel .and
in position to engage the contact faces %
and ¢ of the contact levers as it is carried
past them. The tension of the extension
spring ¢ is so adjusted that the contact le-
vers ¢ and ' yield upon engagement of
their contact faces by the nose ¢2°, rather
than the lever ¢®. The protrusion of the
nose of the lever ¢* is limited by 4 stop on
the escapement wheel against which the
free end of the lever ¢* normally rests.
The free end of the lever ¢* is provided
with a handle ¢ by means of which the
nose ¢ may be drawn in toward the center
of the estapement wheel, and the escape-
ment at the same time votated in a clock-
wise direction.

On the periphery of.the escapement swheel
there is mounted an insulated stud ¢* which
‘is so placed with relation to the nose 2% ..
the lever ¢%, and with relation to the dis-
tance between the point of the protruding
contact fuce of lever ¢ and the group of
switch springs ¢*", that it, the stud, en-
gages and forces into contact with each
other the switch springs ¢?" at the moment
the nose ¢ passes the face of the lever ¢
and permits the lever to return to its nor-
wal position. The relation-which exists be-
tween these parts when the escapement
wheel is in its normal position is shown in
Fig. 23 of the drawing. , The escapement
wheel also carries a pin ¢** which coiperntes
with an index arm ¢3¢ the purpose of which
will be. explained later. "This index arm
¢** 1s hinged at one end upon the upper end

of the shaft or arbor ¢* of the escapement

swheel, and is yieldingly connected with the
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1 when the movable parts of the call-
g device are dmﬂ wced thro ugh the de:
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}n the presen{ instance, the dial &7 bear
¢wo series of numbers, from 0 through 19
é f om 50 through 99, while uhe dial ¥
bears the numbers 0 through 9. - In both
cases the space hetween consecutive num-
bers represents the movement of the asso-
@ moving part through a distance cor-
responding to one tooth 5% the cgeapement
wheel

D

g o

iy b

)
2 ¢
e

E
[
o
o
[
»
e

m-,(~
8 es
)«;: :i
P

Yy
Be &

pamd e

g‘\‘)

fe]

=8

P

@

e

il
T

2

}“v*"e o (31 ‘zto,s W 101 it

with an uutm:w*x
been herel de-~
splacement of the escape-
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erated, determine the particular gmup o
movable terminals tbai will be selected an
tripped in the operation of the aut ie
gwitch: and the extent of displacement of

the plate ¢® bearing the contact lever:
and the distance Unon«rh which the es¢
ment wheel mum move affer ox)emumf'
contact lever ¢ before it engnges and O‘Q~
crates the contact lever £'°, determin
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upon \\huh the selected group of 1
tgrminals of the automatic sw itch is b
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Tt us assume that the highest group of
the series or the tenth level of movable ter-
minels 13 to be teipped, and that these mov-
able ternainals ave to be brought to rest vpon
the thirty-sixth statienary terminals in their
corresponding vows. The handle ¢ of the
escapement wheel e¢* is grasped, moved
shtly inward to withdraw the nose ¢*° of

contach faces of. the levers ¢'® and %, and
the escapement wheel ig rotated in a clock-
wise direction—the detent ¢° running idly
pon the teeth of the wheel—until the index
finger ¢* points to the character 9 on the
dial 8. . The character 9 stands for the
tenth level to conform with the usual prac-
tice of degignating the first level by the nu-
meral 0. The escapement wheel is held in
the position to which it has been manually
moved by the escapement, which is under
the control of the electro-magnet. The han-
dle ¢* of the arm ¢* is then grasped and
moved in a counter-cloclkwise direction until
the index finger ¢* points to the number
35,—this standing for the thirty-sixth ter-
minal in the row, in conformity with the

- practice mentioned above. The supporting

80

4(

=

45

arim €% is frictionally held in the position to
which it has been moved. Thus a definite
relation is established between the distance
through which the escapement wheel must
move from the position at which it has been
set until it operates the contact lever &',
and the additional distance through which
it must be moved before it operates the con-
tact lever ¢ and the switch springs ¢ as
it comes to rest. As will be explained here-

inafter the electro-magnet ¢** that controls

the escapement is energized by current im-
pulses produced in the movement of the
automatic switch with which the calling de-
vice cotperates. As each cdrrent impulse
passes through the winding of the magnet
&%, the escapement ¢ is oscillated, and the
seapement wheel returns one step toward
its position of vest under the impelling force
of the helical spring ¢®  As the nose ¢* of
the lever ¢ reaches the contact face of the
lever &% in the return movement of the
weapeient wheel, it displaces the-lever and
gouses thwe breaking of its contact ¢*, the
metallic engagement of the nose of the lever
2 with the contact lever e'®, however,
closing
i-

vation of the stepping maznet e* is con-
tinued uniil the nose ¢® has passed the lever
¢ and permitted it again to close its con-
tact #2. The breaking.of contact ¢**, with
the calling device, set as assimed, oceurs ab
the instant the latch of the upper group of

povable terminals of the automatic switeh:
ping bar, atd _
i *ing other mechanizms than the particular

is about to move past th
is instrumental in bring abo
ation of the tripping mechrnisy

the lever within the line of the protruding .

. s » civeuit, to be described hereinafter,
© bv means of which the intermittent energi-

_springs ¢*

’
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ment.  After the nose of the lever ¢™ has
moved past the contuct lever ¢'%, the im-
pulses of current produced inthe operation
of the sutomatic switch are ngain caused to
pass through the stepping magnet ¢, and
at each impulse the magnet causes the
escapement wheel to return one step. When
the predetermined number of steps have
been taken by the automatic switch and by
the calling device, the nose of the lever ¢*
of the calling device has been rotated to the
point where 1t engages face ¢*® of the lever
¢ and wgaves the lever so that it breaks its
contact’e’t. The breaking of the contact ¢**
is instrumental in bringing about the oper-
ation of mechanism that stops the automatic
switch at the instant when its selected mov-
able terminals are in engagement with the
thirty-sixth stationary terminals in series in
their corresponding rows. As before, a cir-
cuit is completed in the metallic engagement
of the nose of the lever ¢*° with the contact
lever ¢ which continues the intermittent
energization of the stepping magnet ¢* un-
til the nose ¢*° is carried past the contact
face of the.lever ¢*, permitting the lever to
close its contact ¢*, the stud ¢** at the same
instant coming into engagement with and
closing together the contact springs e
which were permitted to separate when the
cscapement wheel was rotated manually to
set it for calling.. The parts of the calling
device are so related that when the device is
set to bring the index finger ¢ directly op-
posite any of the index points on the dial,
the last impulse of current in the magnet &
causes the ndse ¢*® of the lever ¢*° to move
up to the tip-of the contact face of the lever
&', so that the cessation of the last impulse
of current causes the nose ¢* to be carried
well clear of the lever ¢, and the switch
s ¢*7 to receive ample movement from
the stud ¢* for their operation. The manu-
ally operated elements of the ealling device
are restored to their normal position after
the completion of a call by moving both
handles ¢** and ¢* clockwise till pointers ¢*
and ¢* arc in zero position while moving
handle ¢** slightly inward to permit finger

€% to pass the ends of levers ¢'® and €*°.

T shall now describe the circuit organiza-
tion with which the automatic switch and
calling*device that I have described above
are particularly designed to codperate, and
which in the cobperation of the circuits and
instrumentalities 1s designed to realize the
telephone system of my invention.” It will,
of course, be understood that the instru-
mentalities which I have described are sus-
ceptible of use in other than the particular
cirenit organization which I shall now de-
scribe, and also that the system of cireuits
which T shall describe is capable of employ-

ones which T have hereinbefore set forth,
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in realizing the improved telephone svstem
of my invention. But I havé found that tha
and cireuits described are
particularly well adapted for cotperation in
carrying out the telephone system of my in-
vention. : '

In the accompanying circuit diagram,
which shows an embodiment of the tele-
phone system of my invention, I have illus-
trated the system as comprising two tele-
plione lines extending from their substations
to springjacks at a central oftice and also to
stationary terminals of a single connecting
switch, with a trunk line extending from
the movable terminals of the sclecting
switch to other springjacks on the switeh-
board, and a single connecting cord circuit
for uniting either of the subscribers’ tele-
phone lines with the trunk line terminating
in the automatic switch. It is to be under-
stood that a telephone exchange system
would ordinarily comprise a large number
of cuch of the elements shown; but for sim-
plicity in lustrating my system and to
avoid duplication, I have preferred to show
but a few elements.

Generally ‘speaking, the circuit diagram
illnstrates two metallie cirenit telephone
lines 1 2 and 5 6 extending from their re-
spective substations A and B to springjacks
a and b at u central office, and there adapted
for connection by means of a connecting
cord circuit C and a trunk line terminating
upon an automalic connecting switch S, to
terminals of which the telephone lines 1 2
and 5 6 extend.

The lines are shown to be provided at

their respective substations with the usnal

common battery substation equipment con-
sisting of a transmitter and one winding of
an induction coil in a bridge of the line nor-
mally open in the contacts of a switch hook,
with the other winding of -the induction
coil, a telephone receiver and a condenser
serially connected in a shunt of the trans-
mitter, the condenser also being included
with a telephone bell or ringer in a bridge
of the line normally closed with respect to
ringing current but open with respect to
continnous current. The subseribers’ fines
1 9 and 5 6 terminate upon the short and

“long springs of two springjacks « and b,

respectively, of the nsual three point type.
The lines 1 2 and 5 6 ave provided with the
asual extensions through normally closed
contacts of the cutoff relays ¥ and p, respec-
tively, and windings of the line relays ' and
p*, respectively, to the central battery D by
way of the condnetors 9 an d10. ‘The sleeve of
the springjack « to which the line 1 2 extends
is comected by way of a conductor 3 to the
winding of the cutofl relay ¥ controliing the
extension of the associated line, and the
other end of the winding of the cutoff relay
is connected to the free pole of the battery

D. In like manner the sleeve or thimble of
the springjack » to which thé line .5 6 &x-
rends ix connected by way of conductor T to-
the winding of the associated cutoff relay p,
the other end of the winding being con-
nected to the free pole of the battery. The
armature of the line relay ¥* associated with
the line 1 2 controls an energizing circult 4
for the line lamp ¢ associated with the
springjack a, and the armature of the line
relay ;7 conneeted with the line 5 6 controls
an energizing circuit 8 for the line lamp b*
associabed with the springjack b. From the
conductors 1 2 8 of one of the lines, and
from the conductors 5, 6 7 of the other of
the lines extensions are provided to two
separate groups of three stationary ter-
minals each on the automatic connecting
switch S. Kach line may be provided with
multiple connections to stationary terminals

of @ number of similar connecting switches,

and such multiple connections are indicated
by the broken extensions from the con-
ductors of each of the lines.

The connecting cord circuit C by means
of which the subseribers’ lines are to be con-
nected to the terminal of the trunlk line com-
prises two three point plugs ¢' and ¢* adapt-
od to be inserted in the springjacks of the
subseribers’ lines and of the trunk lines re-
spectively. The tip and ring contuct por-
tions of the two plugs of the cord circuit are
united by the conductors 13 and 14, respec-

tively, the windings of a reveating coil ¢®
being interposed in the conductors, and the

central battery D being included in a bridge
of the windings in-the usual manner to sup-
ply curvent for conversation and for the
operation of the controlling relays associ-
ated with the circuit. The cord circuit is
provided with the usual  operators’ tele-
phone apparatus ¢, and with a listening
key ¢ adapted to bring the telephone appa-
-atus into connection with the . .cuit. The
cord cireuit is also provided with an an-
swering supervisory relay ¢® and a2 calling
supervisory ,velay ¢*, included in the por-
tions of the conductor 14 extending from
the repeating coil to the angwering plug ¢
and to the calling plug ¢, respectively, these
relays controlling the llumination of the
answering supervisory lamp ¢® and the call-
ing supervisory lamp ¢, respectively, by
opening or closing about them the shunts
containing the resistances ¢ and ¢, Te-
spectively. The energiZing circuit 12 of the
answering supervisory lamp ¢* includes the
lamp in series with the normally open con-
tacts of a relay ¢°, a resistance ¢** for limit-
ing the flow of current through the lamp,
and the central battery D. The magnet of.
the relay ¢¢ which controls the energizing
civeuit 12 of the lamp ¢* has a winding »f,
low resistance included serially in a con-'
ductor 25 extending from the sleeve contacs
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of the answerlno plug ¢* to the gxoundcd
pole of the battexy D.

The continuity of the conductors 18 and
14 of the connecting cord cireuit is normally
broken in the contacts d* and @2 of a relay
d, the circuit of the talking conductoxs be-
ing completed between the plugs of the con-
necting cord circuit only when 'the relay d
is energized. . The winding @* of the relay d

-is. included in a conductor 18 e\tendu\g

from the sleeve contact of the plug ¢* to
another set of contacts d* of the relay d, at
which point it is connected when the l'ehy

" is energized to the conductor 15 extending

15

20

25

‘30

o
(=13

40

* switch spring ¢* to the conductor 21, which -

o
<

50

through the calling supervisory lamp ¢’

to the grounded pole of the central battery.
When the relay 4 is not ehergized'the con-
ductors 13 and 18 are extended by way of
the normal or resting contacts of the switch
springs d' and d@® to-conductors 19 and 21,
through which operative relation is estab-
lished between the calling plug ¢ and the
calling device E with its assceiated circuits
and apparatus The contacts d* and d* of
the relay o are of thé following or continu-
ity type in order that the circuits of the
calling plug may be shifted from the calling
device to the cord cireuit without breaking
their continuity.

The conductor 19 to which the tip strand
18 of the calling plug is'connected so long as
the relay d is not energized, extends to the
grounded pole of the battery by way of the
normﬂllv open contacts ! of the key 7, the
normal]y closed contacts e and ¢% of the
calling device, and the winding ¢ of the
magnet that controls the cwlhng device es-
capement. While the relay d i1s normal the
conductor 18 of the calling phlg ¢* inclad-
ing the winding ¢* of the rel ay d is con-
nected: by way of the resting contact of the

extends to the grounded pole of the battery
‘by way of resistance ¢°, and also has a

branch which is' connected directly to the
gmunded pole of the battery when the
switch contacts ¢*' ‘are in engagement with
eaclr other in the normal condition of the
calling device, this branch constituting a
short circuit of the resistance &° when the
calling déviee is in its normal position. In
the accompanying circuit diagram the call-
ing deviee is Hlustrated as being moved out

-of its normal positiv., and with the switch

i=4}
[923

89

85

contacts ¢*7 consequently out 01: en(ragunent
with each other.

The key » is of the type in which the
switch contacts are held in their actuated
position mod‘mnimllv after the key is de-
pressed, and ‘are rele: ased by the operation of

a trip magnet associated with the key. T.

have wplesenttd the key # as comprising

the two iets of switch eontacts » and #*

with a button by means of which they may

be depressed to bring their contacts into en-

talfx

Logether thr ('u(rh a condenser gl
‘two windings of the repeatirg coql are con-

1,126,046

gagement, a latch 7* for holding the con-
tacts in engagement after the deplusum of

‘the key, and a trip magnet #* adapted when

energized to attract its armatuwre »° and
move the latch »* out of engagement with
the switch springs to pumlt, the release of
the key. The energizing circuit 23 01 the
trip magnet 7 e: xtends from the frec pole of
the central batter v D through the \\mdmﬂ
of the magnet 7, to the nornmlly open con-
tacts 2? 01 the key r, anid to the other pole
of the battery by way of the normally closed
contacts ¢* of the calling device

Tn order that the movement of the calling
device may continue after the circuit by
way of the conductor 19, over which the en-
ergizing current for the magnet e is ob-
[, 1s opuled T connect the lever arm
¢ ‘which 1s adapted to engage and op-
erate the contact levers ¢2* and €%, by way
of conducter 22 with a suitable source of
pulsating current for actuating the magnet
et—suc T as the (‘L\thll hattery D te rruh(r
with a conunutator % for bxexkuw up the
steady flow into pulsations of current,

The trunk line with which the calling de-
vice' E is agsociated, and which terniinates
at its other end upon the automatic connect-
ing switch 8, terminates at the end asso-
clated with the calling device upon spring-
jacks 7, 7/, with which lamps f%, /%, respec-
tively, are associated. The plurality of
springjacks with which the trunk line is
shown to be connected, 1s to indicate that the
trunk line is available for connection at
several operators’ positions. "The trunk line
extends in two main conductors 28 and 29 to
the tip and ring springs, respectively, of the

two springjacks, the remaining or sleeve

contact of each of the spr mtndcks being con-
nected to a conductor 27 which extends to
the free pole of the central battery D and in-
cludes the winding of a relay f* This re-
lay f* has a single set of contaets which con-
trol a cireuit 26 gxtending from the free
pole of the central battery to the two lamps
72 and ¢ associnted with the springjacks f
and 7. These lamps constitute busy signals
to indicate by their illumination the appro-
priation of the trunk for use at any of
the multiple springiacks to which it ex-
tends. | At the other end of trunk line,
the conductors 28 and 29 are connected to
two windings oi a repeating l‘m] g, the
other ends of the windings being connected
The other

rected at one end to the poles of the cen-
erel battery, and at their other ewd to two
conductors 30 and 31 which extend to the
inner or alternate contact anvilg of the
two switch springs A* and A% respectively,
of the ringing relay A. The switch springs
2t and A of this rélay are connected to con-
ductors 32 and 33 respectively, these conduc-
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tors extending by way of the normal or rest-

ing contacts of switch springs. i1, ¢ of the
connecting relay ¢ to the two combs of the
switch S through the teeth of which connec-
tion is made to the two upper movable ter-
minals of each group of three. These are
the two terminals of each group which are

-adapted to engage the stationary termiuals

of the switch that are connected to the two
line conductors of each subscriber’s line.
The conductor 33 includes the winding of a
supervisory relay m in that poytion of 1t
which extends between the switeh spring A*
of the ringing relay A and the resting con-
tact of the switch spring i of he connecting
relay . ’ ’
Clonnected with the conductor 28 of the
trunk line is a conductor 36, which extends
to the free pole of the battery D by way of
the winding of the line relay /.
conductor 98 of the trunk line which is
connected at the other end of the line with
the circuit which includes the contacts €*

“and ¢ of the calling device, together with
‘the key r for closing the circuit of the call-

ing device, the winding of the stepping mag-
net ¢'*, and contacts
ing the counection of the trunk line from
the calling device to the connecting cord cir-
cuit.
the circuit of this limb of the trunk line, 18
under the control of the calling instru-
mentalities at the other end of the line, and
through the medinm of certain interpose

switching mechanism, which will hereinaf-
tor be described, it controls the starting, the
selective operation, the stopping and the re-

_ turn to its normal position of the connecting

40

45

86

switch, and thence to

switch S. Two branch conductors 88 and 39

Joad to contact mechanism of the connecting

switeh S and it is through the medium of
these conductors-and their associated switch-
ing mechanism that the antomatic switch
g eontrols the operation of the calling de-
vice E at the other end of the trunk. The
reciprocal control of the calling devicé and
the automatic switch over each other, in-
cluding the starting, stopping, 'selective op-
eration and return of the automatic switch,
is effected over the conductor 28, alone, ‘of
the trunk line, the other conductor 29 being
left free for the purposes of transmitting
the signals incident to the supervision and

_control of the connection by the operator.
55

These functions exercised by the two con-
ductors of the trunk line are, of course, in
addition to their primary function of con-
ducting the yoice currents for conversation.

The branch conductor 38 which- extends
from the conductor 36 passes through a nor-
mally closed contact j* of the controlling re-
lay j, a normally open contact %' of the con-
trolling relay %, a normally closed contact §°®
of the tripping magnet s° of the automatic
the active interrupter

It is the-

of the'relay d for shift-

The line relay [, therefore, being in

1%

segment s¢ from which its circuit is intermit-
tently completed to the groumded pole of the
battery in the operation of the automatic
switch by the intermittent engagement of
the grounded interrupter hrush ™ withy the
corrugations of the active segment. The
other branch 3% of the conduclor 56 which
joins the line relay / to conductor 8 of the
trunk line, extends directly to the contact
rod s*7 with which the movable terminals s?
come into engagement when they ave
tripped. The circuit of the conductor 39
may thence be traced through the lower
movable terminal lever of any group which
has been tripped to the conductor 40, to the
conductor 42, and thence by way of the con-
tacts 52 and s%2 of the cam switch, which are
in engagement during the period of select-
ing the movable terminals. to the grounded
pole of the battery. Tt will be seen that the
clogure of either of the branch conductors 38
and 89 of the conductor 36 including the line
velay 7, establishes a direct return conncc-
tion to thie gronnded pole of the battery for
current flowing through the line relay /, and
constitutes a dirvect short circuit for current
which otherwise would {low over the con-

"ductor 86 and the trunk line conductor 28

to the calling device at the other end of the
trunk. .

The control of the calling device, and the
associated instrumentalities at that end of
the trunk line, over the automatic switeh H
i effected, as T have before stated, through
the medium of the line relay Z. In order to
enable the wovement of the armatire of the
line relay ¢ back and forth between its rest-
ing and alternate contacts to govern the
somewhat complex movement of the auto-
matic switch, 1 interpose between the con-
tacts of the line rvelay 7 and the electro-mag-
netic mechanism that controls the movement
and sclective operation of the automatic
switch, certain instrumentalities for shift-
ing the control of the line relay £ in succes-
sion from one operative cireuit of the auto-
matic switeh to another to cause the switch
to perform its movements to their proper
extent and in their proper sequence. In the
particular circuit arrangement which 1 have
lustrated, the instrumentalities interposed
between the line relay and the automatic
switch for shifting the control of the relay

over the energizing circuits of the switch,

comprise the controlling relays j an' %, and

certain switch contacts associated wih the

automatic switch S and actuated in ils move-
ment. :

The circuit first closed in the initial cner-
gization of the line relay [ extends from the
grounded pole of the central battery through

the switch spring and front or alternate

contact of the relay I to the free pole of the
battery by way of the conductor 5. the con-
ductor 47, the switch spring s** of the cam
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ling relays j and % are traceable

-pole of the battery.

" grounded pole of the

switch and the switch spring s* normally
i engagement therewith, the conductor 48,
the resting contuct of the spring 7% of the
relay 4, the conductor 60, and the magnet, g1t
of the maguetic cluteh by means of which
power is applied to stavt the rotation of the
cartiage of the automatic switch. A short-
cireuit of a portion of the cireuit traced
above for the application of current to the
power magnet s is completed by the en-
gagement with its front contact of the
switch spring 42 of the controtling relay 7
when the relay is energized, this short path
taking the place of the loop including the
conductors 47 and 48 and the switeh springs
§% and s of the cam switch. ' With the
switch spring 4 resting on its front contact,
and the switch'spring s of the cam switch
moved into engagement with the switch
spring’is®, the trip magnet ¢ of the auto-
matic switch is connected in a branch of the
circuit including the power magnet s, this
branch being traceable by way of conductor
47, the switch springs s*% and s of the cam
switch, and the conductor 49 through the
trip magnet winding to the grounded pole
of the battery. This'branch cireuit contain-
ing the trip magnet % it will be seen, is
short cireuited during the energization of
the line relay 7 by the branch extending di-
rectly to the grounded pole of the Battery
by way of the conductor 45 and the front
contact of the relay 7. The foregoing is the
cireuit of the power magnet s traceable
when the switch spring # of the relay 7 is
resting on its back contact. When the™
switch spring 7 is in engagement with its
front contact, then the cireuit of the power
magnet extends from the conductor 50 to
the grounded pole of the battery by way of
conductor 51 only when: the switch spring

&2 of the relay 7 is also drawn against its

frout contact. ..

The energizing circttits for the control-
as follows:
The relay / is first energized by a circuit
which extends from the free pole of the cen-
tral battery D through the switch springs
s and ¢ [of the cam switeh, and by way of
the conduttor 11. and the resistance coil &S
and conductor 54 including the winding of
the relay 4 to the conductor 58, and thence
by way of the normally closed contacts s28
of the automatic switch S to the grounded
Immediately upon the
initial energization of the relay %, the con-
tacts %* of the relay ave closed, and the.con-
tinued energization of the relay ‘is thus, i
sured by the direct path established to the
battery, indepenient
of the condition of the path by way of the
conductor 58. During a ‘subsequent stage
of the operation, a path for the energization
of the relay % exists by way of the switch
springs ¢** and s* of the cam switch, the.

-1 % of which are
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conductor 11, the resistance coil i®, the con-
ductor 54 imcluding. the winding of the re-
lay &, to the front contact of the switch
-spring 4 of the relay 7, and thence by way
of conductor 52 and the switch springs s%
and s*" of the cam switch to the grounded
pole of the battery through the back con-
tact and switeh spring of the line relay
A branch cireuit for effecting the dei
zation of the relay % extends from, u
on the conductor b4 between the resistance
coil 2° and the winding of the relay /7, by
way of the conductor 53, to the resting con-
tact of switch spring §* of the relay 4, and
thence by way of the path already traced
through conductor 52 and the switch springs
% and s* of the cam switch to the grounded
pole of the battery by 'way of the resting
contacts of the line relay 7. Tt will be ob.
served that the closure of the path to the
grounded pole of the battery by way of the
resting contacts of the relay 7 will, in one
position of the siviteh spring # of the relay
7» deénergize the relay % by short circuiting
1t, and in the alternite position, of the switch
spring j° will energize the relay Z.

Relay 7 is. energized by means of a cip-
cuit that extends from the free pole of the
central battery D by way of the switeh
$prings ' and §*% of ‘the cam switel o the
conductor 56 including the winding of the
relay 4, and thence by way. of the resting
contact of the switch spring 2 of 4
¢ to the grounded pole of the bt
way of the conductor 45 and the

“tact-of the line relay 7. The i
zation of the relay 7 causes the clos

contact /, throngh which a circuit is com-
pleted divectly to the grounded pole of the
batttervy, so that the energization of the re-
lay 7 is maintained thereaftor independent
“of the condition of the path to the grounded
pole of the battery by way of the conductor
56, the switch contacts /° of the relay %,
and the contacts of the line relay £ ‘

I employ in my trunk cirenit as - Hus-
trated a test rvelay s, whicl ig adapted to
be responsive to the electrica] condition
which marks whether a solected line is bugy
er idle, and is adapted to permit or pre-
vent the exténsion of the trunis eireuit to
the selected line depending wpon its condi-
tion. The circuit of this relay extends from
the grounded pole of the centra] batterv by
way of the resistance coil m* and the wind-
ing of the relay m to the conductor 40,
which is connected to the

in multiple eygagement
with the third of the three movable termi-
nals ¢* of each group. The relay mid adapt-
ed to operate its switch springs when the
_crrent flow through its wanding has g, cer-
tain value, but not to oberate them {vhen
the current flow through its winding hag s,
value considerably
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value. There is a short circuit about the
resistance coil m* controlled in contacts @
of the conureting relay 4. This short cir-
euiting path s held open when the cireuit
of the testing relay m is applied to the ter-
minal of a selected line which ig busy, but
is closed to -short circuit the resistance m®
it the, selected line is idle and connection
ig established with it. :
The connecting relay 4
control of the testing velay an, and of the
enorgizing circuit of the power magnet
s, One of the two windings of the relay 4
is inelnded in a cireuit which extends from

is under the joint

the free pole of the central battery D by
way of the switeh springs § and & of the

carp switch and the conductor 11 to the con-
didetor 24 including the winding of the con-
necting relay 7, and thence to the grounded
pole of the battery by way of the normally

“closed contacts ! of the testing velay m.

The other winding of the connecting velay ¢
is included in a conductor 59 which extends
from the conductor 30, leading from the
of the central battery, to the con-
ductor 50 in which the power magnet st
is included, so -that this winding of the
velay ¢ and the winding of the power mag-
net it are included in parallel branches of
the same energizing cireuit, and both are
energized or. deénergized at the same time.
The two windings of the connecting relay ¢
ave disposed upon the core so as to have
a cumulative magnetic effect,—that is, such
that the niagnetism produced by one rein-
forces the magnetism produced by the other.

The testing relay m controls 1n the con-
tacts of its switch spring m* a circuit for
throwing back upon the trunk a busy tone
current in caze the selected line is found
to be busy. This civeuit extends from the
grounded pole of the battery through the

w and one winding of the usual
busy tone transformer w' to the conductor
43, and
contacts j* of the relay j and the normally
closed contacts &° of the relay & to the vest-
ing contact of the switch spring m* of the
testing velay m, from which point it ex-
tends by way of the conductor 37 to the
conductor 29 of the trunk line.

When the switch spring m® of the test-
ing relay m is in engagement with its front
contaet, as it is during the continuance. of
w connestion, the conductor 29 of the trunk
line has & branch to the grounded pole of
the battery by way of the conductors 37
and 44, which is controlled in the contacts
»t of the supervisory relay n. ‘During the
contintance of the conngetion therefore, the
fow of current from the assoelated cord cir-
cuit ot the other end of the frunk is con-
trolled by the supervisory relay n. The con-

ductor 41 also includes one of two windings.

of the ringing relay , so that the aciuation

thence through the normally open’

2

of the ringing relay is also under the con-

trol of the supervisory relay a.

The ringing relay A is provided with two
switeh springs A* and A° which are adapted
when attracted into engagement with their
inner contacts. as has been hereinbefore
stated, to connect the.conductors 32 and 33,
which extend to two of the movable ter-
minals of the automatic switch, with the
tennde conductors
tallking cireuit of the trunk.

When the

switch springs A and A2 lie in their normal

position against their resting contacts, the
conductors 82 and 33 of the trunk are ex-
tended bv way of the conductors 34 and
35 to o generator of ringing current Z. The
second winding of the ringing relay A is
connected in a cireuit which extends from
{he free pole of the central battery D by
way of the switch springs s* and s* of the
cam switeh and the conductors 11 and 46

30 and 81 to complete the -

3%

co o
(=13

to the normally open contacts A% of the .

relay - 4, and thence through the second.-
winding of the relay A to the conductor 45
and to the grounded pole of the battery by
way of the front contacts of the line relay
I. This circuit serves as a locking circuit
to maintain, under the control of the line
relay 7, the energization of the ringing re-
lay & after it has been initially actuated
by the flow of current in its other winding.
YThe two branches of the conductor 36
by means of which the automatic switch S
exerts control over the operation of the
calling device B at the other end of the
trynk, I have spoken of heretofore. One
is the conductor 38 which extends through
the normally closed contacts j* of the con-
trolling relay 7, the normally open contacts
%t of, the” controlling relay % and the nor-
mally closed contacts §%" of the tripping
magnet to the interrupter segment s, and
therice intermittently to the grounded pole
of the batterv by way of the interiupter
brush §°; and the other is the conductor
39 which extends to the contact rod s*7 of
the antomatic &witch, and thence to the
grounded pole of the battery by way of the
third contact lever of any group that hap-
pens to have been tripped to-bring its le-
vers into engagement with the contact rod,
the cireuit to the grounded pole of the bat-
tery being by way of the condnctor 42 and
the switch
switeh. _
I shall now describe the manner in which
the ecircuits and devices of my invention are
employed in establishing connection between
two subscribers in a telephone exchange.
Tt us assume that the subscriber at sta-
tion A wishes to tallc .to the suhscriber at
station B. The subscriber at A lifts his
telephone receiver from its hook. thus com-
pleting a bridge of the cireuit which permits
current to traverse the windings of the line

springs s and s* of the cam -
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relay % associated with this line, and causes
the relay to attract its armatureito close the
cirenit and effect the illumination of the
line lamp «* associated with his line.” Upon
observing the illumination of the, lamp the
operator inserts the answering plug ¢* of
a pair of connecting cords”into the asso-
clated line jack a, and in doing so extends
the circuit of the calling subscriber’s line
to the connecting cord circuit, and at the
same time completes a circuit by way, of the
sleeve contact of the jack and the register-
"ing contact of the plug which energizes the
cut off relay v and extinguishes the line
‘lamp. This same circuit also energizes the
relay ¢* asscciated with the cord ‘eir-
cuit, and causes it to close its contact). to
complete the energizing circuit of the an-
swering supervisory lamp ¢%, the illumina-
tion of this lamp being prevented, however,
by the closure of its shunting circuit in the

contacts of the answering supervisory re-,
' N current for the actuation of the relay d of

lay ¢* |
. The operator communicates with the call:
ing subseriber by operating her listening
key ¢% and learns that he wishes to be con-
nected with the line extending to substition

B. T will assume that the called line ex- -

tending te station B terminates upon the
three terminals which are the thirty-sixth

~. in order in the top three rows of stationary

terminals on the automatic switch S and
on the other like' connecting switches to
which it extends. ‘The number by which
the called subscriber’s line is designated,
and which number is used in ‘the re-
quest for connection with that line, may be

such that- the operator is informed of the .

combination to set on the dials of the call-
ing device without any necessity for reason-

_ing or caleulation on her part. In the pres-

with which the calling subscriber requests

e e)i;'case, for instance, the number of the line
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_connection may be 935." The operator upon
receiving from the calling subscriber the
number of the line wanted, first sets the call-

ing device to correspond with the number

requested. In the present instance, she
grasps the handle ¢* of the calling device

and rotates. it .clockwise until the pointer .

¢** on index arm ¢* points to the number 9
on the dial. She then swings the handle ¢*°
of the calling device in a counter-clockwise di-
rection until the index finger ¢?® rests exactly
.at the figure 35 on the dial ¢*". - After setting
on the calling device the combination of the
line with which connection is to be obtained,
she inserts the calling plug ¢* into the jack
of a non-busy trunk line extending to an
automatic switch serving the group of sub-
seribers’ lines in which the called line is. in-
cluded, and finally depresses the key r, which
latches in its depressed position. The
act of the operdtor in setting the
tion of the called line an the el

1,126,048

. R
E withdraws the insulated stud ¢** from the
switch spring ¥, permitting them tersepa-
‘rate, and. thus withdrawing the short cir-
.cuit from the resistance ¢°, and opening the
path by way of which current would other-
wise flow through the release magnet »* of
the key » when 1t is depressed.. The relay d
of the connecting cord circuit is so adjusted
that it does not attract its armature and
operate its switch springs upon the current
which flows through it while the resistance
d%:is included in ifs circuit, but is operated
as soon as resistance d° is short circuited by
the -closure of the contacts ¢*” upon the re-
turn to its normal position’ of the calling
“device. Consequently, while current flows
through:the circuit mcluding the winding
of the relay d, as soon as the plug is in-
serted in the trunk jack 7, for the energiza-
tion of the relay f* of the trunk line and
the illumination of the lamps f%, /* to indi-
cate that the trunk line is engaged, sufficient

\\ the cord circuit does not flow until the call-
‘ing device has returned to its normal posi-
tion and operated the switch springs e’
Likewise, c¢urrent does not flow. for the
energization” of the release magnet » of
the key.», and the consequent restoration
of \the key to its normal position, until
the switch springs ¢*7 have been operated at
the énd of the return movement of the call-
ing device. ‘

JThé instant the key » is depressed after
the calling device has been set and the plug
¢* inserted in the trunk jack £, the line relay
I at the'other end of the trunk is energized
over a circuit which extends from the free
pole of battery D, by way of the conductor
36 including the winding of the line relay
1, the condyctor 28 of the trunk line, the tip
spring-of the trunk jack f and the engaging
tip contact of the calling plug ¢*, the con-
ductor 13 of the cord cirenit, the switch
spring d* of the relay ¢ and its resting von-

‘tact, the conductor:19 and the contacts »*
of the calling key »to the calling device I,
where it-extends to the grounded pole of the
battery through: the two contacts ¢ and
e, and the winding of the stepping magnat

"¢ in series. The vesult, therefcre, of de-
pressing the calling key » assoctated. witl:
the calling device, 18 to cause the line relay
! to draw 1ts switch spring into engagemeni
with its front contact, ang to caunse the stey
ping magnat ¢ in the calling device to at
tract its armature, and thus permit a half
oscillation of the detent, and the return of
the escapement wheel through the space of
one half s tocth. The o i
remains stationary until

place in the ¢
net, and th

- Parther change
- flowing througl
ig brovght abait
omutic. switch ab

k. “When the !y_.n

ng device .then -
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velav, upon the completion of its energizing
circwit by the closure of the calling key 7,
moves its switch spring into engagement
with its front contuct, it closes a cirenit for

the energization of the power magnet s,

this cireuit extending by sway of the con-
ductors 45 and 47, springs s** and s* of the
cam switch, conductor 48, resting contact of
gwitch spring j2 of the controlling relay j
and conductor 50 to the free pole of battery
D. Upon the closure of this circuit the mag-
netic attractive force developed in the power
magnet ' draws the clutch disk s* inte en-
gagement with the head s .f the magnet,
and starts the advance movement of the car-
riage of the switch. ' As the carriage starts
to rotate, the cam s moves the roller &'
to actuate the associated springs of the cam
switch. The first set of swit. springs to
be operated at the outset of the movement
of the carriage is the
springs s and s*, which are forced into
contact and immediately permit current to
flow out over the conductor 11 and through
the resistance %° to the winding of the con-
trolling relay %, the circuit being completed
to the grounded pole of the battery by way
of the conductors 54, and 58 and the switch
springs ‘s associated  with the automatic
switch. Tlese switch springs s* are per-
mitted to open an instant later in the con-
tinued movement.of the switch carriage, but

before they open the controlling relay % has’
o o

completed a locking circuit for its continued
encrgization by way of its switch centacts

%t An instant later in the movement of the-

carriage and operation of the cam switch,
the switch springs s'* and s*® are forced into
engagement, the closing of these contfacts
being deluyed to occur a little after the clos-

ing of the contacts 5™ and §*, to insure the

~ operation of the controlling relay &, and the
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opening of the energizing circuit which
would otherwise be formed by way of the
conductor 56 for the relay j, before current
is applied to this relay by way of the switch
springs ¢*"and §'°.

By the operation of the controlling relay
% and of the switch springs s, s** and ¥
of the cam switeh, the energizing circuit of

the power magnet is completed directly by

way of the switch spring £* of the control-
ling magnet /& and its front contact, instead
of by way of the cam switch, and the trip
magnet ¢ is connected in
energizing cireuits of the power magnet by
way of the conductors 47 and 49 and the
switch springs ¥ and §2° of the cam switch.
The circuit thus established includes the
power magne! o7 in the vndivided portion
of a divided circuit, with the trip magnet °
im one braneh of-the circuit and the line re-
lay ¢ controlling in its front contact the
other branch of the divided circuit, which
hranch constitutes a direct short circuit of

‘relay Z. and the consequent oporaticn ©

set consisting of the.

a branch of the

‘awitech § continues;” and
_gwitch carriage condinues to move the inter-

the trip magnet. It will be seen that so
long as this cireuit condition exists, the

falling back of the line relay ! to open g

front contact removes the short circuit from
and effects the ingtant actuation of the trip
nagnet s®, but that the power magnet still
continues energized on uccount of the eur-
rent which continues to fiow through the
branch of its circuit coufaining the fvip
magnet.

To effect the dednergization of the

—
=
3

B rn B

the trip magnet s° to trip and render activ
a particular group of mmovable terminals,
it is necessary fov the calling device to be
stepped around far enovgh in its return
movewent to engage and aperate the fvst
contact lever ¢2%, and thus open the cireuit
of the line rclay. After the movemenb of
the sutomatic switch S has been started, as
has been described, by the operation of the
line velay £ and the closure of the energiz-
ing circait of the power magnet, the move-

ment of the switeh carriage causes the in-.

ters apter brush & to ride on to the
corrugation of the active segment s® of the
interrupter, and in doing so to complet
branch circuit extending directly to
grounded pole of the cent -l battery from
the cireuit uniting the line, relay 7 and the
calling device at the other end of the trunk
line, this branch circuit extending by w
of the conductor 38 and switch contacts ©
the controlling velays j and % and switéh
contacts of the tripping magnet . The
effect_of the closure of this direct path to
the return pole of the battery is fo divert
from the magnet ¢ of the calling device

i

ERE)

all of the current which has been flowing

through it, and the consequent definergina-
tion of the magnet permits its armature to
£all back, the detent to make a half oseil-
lation, and the escapement wheel to return
another half step foward its normal posi-
tion,—the first half step having been taken
when the key » was depressed—thus com-
pleting the first step of the return move-
ment. Tt will be observed that the circuit
arrangement is such that this control of the
movement of the calling device by the con-
tact parts of the gutomatic switch 8 is

offected without affecting the operation of .

the line relay by means of which the eall-
ing deviece controls the operation of the au-
tomatic switch, the contact device of the au-
toruatic switeh interrupting the flow of cur-

.rent through the magnet of the calling de-

vice without interrupting the flow of cur-
rent which maintains the energization of
the line relay 7. oo »
As long as the line relay 7 remains ener-
gized, the power magneb stt.vecelves current
aricd the movement of the cmviage of the
as long ss the
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rupter brush s* continues intermittently to
complete a direct path from the line relay
and calling device cirenit to the grounded
pole of the battery
5 gagement with the
ment %, -As the interrupter.brush 8 in the
movement of the.switch rides off of the
first corrugation of the active segment 5% it
opens the short circuit of the calling device
magnet and the consequent energization of
that magnet causes
of the calling device to také another half
step, which step is completed when the step-
ping -magnet ¢* is deénergized upon the
Interrupter brush s riding on to the next
corrugation of the active segment. Thus
the calling device, by maintaining the en-
ergization of the line relay / causes the
snovement of the connector switeh S, and
the connector switch in its movement con-
' the movement of the scalling device,
both "devices moving together- through’ cor-
responding degrees of their movement.
, Inthe steady advance of the automatic
%5 switch S, and the corresponding steady re-
turn toward its normal position of the call-
ing device E, the escapement wheel of the
calling device reaches a point where, at the
moment the interrupter brush s moves on
to a corrugation of the active Interrupter
segment and completes o short circuit of
the calling device, and at the moment the
line of latches ® is about to be moved past
the ‘highest or last tooth s* on the trip bar
s*y the nose of the lever ¢* carried by the
- escapement wheel engages the contact lever
¢, thus causing it to break its contacts ¢,
"An instant later, and before the line . of
' 7 latches has quite reached the last or tenth
40 tooth of the trip bar, the interrupter brush
8" moves off of the corrugition of the active
segment, and thus interrupts the circuit to
ground through the branch conductor 38.
. As the other branch of the circuits of the
5 line relay by way of the contacts of the
calling device has been interrupted an in-
stant before, current ceases to flow through
the. line relay, and in the consequent de-
energization of the relay 7 the branch of
the power magnet cireuit by way of the
conductor 45 and the front contact of the
line relay is opened. But this branch of
the power magnet circuit, it will be remem.-
bered, during this' stage of the operation
merely constitutes a short circuit of the
branch containing the tripping magnet, so
that the opening of the brinch by way of
the front contact of the line relay 7 merely
serves to. divert into the tripping mag-
net branch the current that has been flowing
through .ihe power magnet by way of the
branch controlled by the line relay. The
Cthipping oagnet is thus instantly energized
.. upon the intervuption of current flow in the
55 Yine relay circuit, while at-the. same time

by its intermittent en-
active interrupter seg- -

the escapement wheel

- energized at the time by

1,126,045

the flow of current through the power mag-
net ' is unaffected, and the movement of
the switch carriage continues without inter-
ruption. - ‘ ‘

The instant the tripping magnet s¢ re-
ceives current and starts to draw up its ar-
mature, it interrupts in its normally closed
contacts s% the branch 28 by means of whieh
the interrupter brush s controls the flow of
current in-the circait of the trunk line in-
cluding the line relay 7 and the calling de-
vice. This is in order to insure the full
operation of the tripping device by prevent-
ing the circuit of the line relay-from being
closed by the engagement of the interrupter
brush with the next corrugation of the ae-
tive segment before the tripping magnet has
had an opportunity to thrust the tripping
bar into engagement with the latch. If the
line relay should be reénergized too soon, it
would reéstablish the short circuit of the
tripping magnet before the magnet -had had
time te attract its armature far enough to
trip the latch that was Leing moved past at
the moment. At the moment, therefore,
that, according to the present assumption as
to the number of the line called, the last or
tenth latch is being moved past the last
tooth ‘on the trip bar, the bar is moved to
bring the tooth into the path of movement
of the latch, and the latch is tripped, thus
relemsing the three movable terminal levers
associated with it, and permitting them to

fall into engagement with the contact rod

5. The conductors 32 and 33 extending
from the upper two of the three tripped
movable terminals’are open in the contacts
of the connecting relay 4, this relay being
current . flowing
throueh both of its windings. The third
movable terminal s of the three that have
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been tripped is connected during this stage -

of the operation directly to the grounded pole
of the battery by wayv of the condnctor 49
and_the closed "contacts s** and s°* of the
cam switch. Consequently the instant the
tripped levers fall against the contact rod
s*, the branch circuit
rectly to the ground from the cirenit of the
trunk line.including the line relay -and the
calling device, and the line relay is ener-
gized through this branch—the branch
through the calling device being at the mo-
ment open in the contacts ¢?*—to attract its
switch spring’ into engagement with its
front contact, and reéstablish the short cir-
cnit of the tripping magnet s. Tn this way
thé tripping magnet & in suceessfully per-
forming’ its  office automatically renders
itself inactive thereafter.

While the actions described ahove have,

been taking place at the end of the trunk
line associated with the automatie switch,
the circuit of the trunk line extending from
the line relay I by way of the conductors 36,

39 is completed. di-
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28, 18 and 19 has been open in the contact

¢* of the lever ¢'® of the calling device, this

interruption of the ‘circuit persisting until

the movement of the escapement whee! has
" 5 carried the nose of the lever % past the con-.
tact face of the lever ¢'s. During the inter-
val while the stepping magnet ¢<gf the
calling device is cut off by the interruption
at contact ¢** from actuating current flow-
ing over the trunk line, it receives pulsations
of current from the battery and commuta-
‘tor ¢ by way of ‘the circuit which is com-
pleted through conductor 22 and the en-
-gagement of the lever ¢ on the eseapement
wheel with the contact face of the lever ets,
-In the present instance, the calling device is
arranged to hold the contacts ¢** open dur-
-ing two steps of its movement, and to sup-
ply pulsating current from the local source to
effect this portion of its movement. - The
arrangement is such that the circuit is held
open in the calling device long enough to
permit the train of acticns which have been
described to take place at the other end of
the trunk before the circuit is again closed,
and to bring about the closure of the cir-
cuit at the calling device before the auto-

10
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matid switch at the other end of the trunk '

.. link has reached the point in its movement
30 where it commences the transmission of the
- second ‘series of impulses to the calling de-
vice. o

After the pre-determined’ group of mov-

_ able terminals has been selected and tripped,
35 as described in the foregoing; the rotation
of ‘the switch carriage continues uninter-
ruptedly; but the closure of the path direct
to ground by way of the conductor 39, the
contact rod s** and the engaging movable
terminal, renders the intermittent short cir-
cuit applied by way of the interrupter brush
§'¢ and the active segment s* ineffective to
prodice any pulsations of current in the
branch of theline relay circuit extending
5 to the calling device,—that is, assuming that
the tripping occurred at apoint beyond
which there were other corrngations of the
active segment to be traversed by the inter-
rupter brush during this stage of the oper-
ation. After leaving the last corrugation
of the active segment associated with the
iripping stage of the switch, the interrupter

.

o
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brush s rides on to the. long tooth of the .

. active segfent, and while it is moving over
this tooth, direct paths to the grounded pole
of the battery from the line relay circuit
exist hy way of both branch 38 and branch
39. While the brush is movi g over 'the

' long tooth of the active segmem,, * e cam s
at the bottom of the switch carriage is ad-
vanced to a point where the roiler s of the
cam switch rides off of the elevated portion

-of the cam and on to the intermedliate por-
tion. As a result of this change the cam

- 8% gwitch contact £ separates from the contact

23

%, thus remeving. the ground connection
from the conductor 40 extending 'to the
third of the three movable terminals; the
contact s** separates from the contact %,

and thereby disconnects the trip magnet s° ¢

irom the cireuit, but does not move into en-
- gagement with the contact s*3; and the con-
E=tat = 2

tact s° moves into engagement with the con-
tact s*°, thereby closing the.circuit. of the
conductor 52 in readiness to effect the de-
energization of the controlling relay % when
the line relay  next closes its back contact,
‘The spring s* still remains in engagement
with the spring s, and the spring s*° with
the spring s, fo continue the supply of cur-
rent to the different portions of the circuit.
As the switch carriage advanees, and while
the interrupter brush s is still in engage-
ment with the long tooth of the active seg-
ment, the three movable terminals s* . ride
up on the surface'of the insulating block pr

75
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-cylinder s** upon which the stationary ter-

minals s* are mounted, thus interrupting
their .engagement with the contact rod. s*.
An instant later the interrupter brush s
moves off of the long tooth of the active
segment, and in doing so interrupts the di-
rect path from the line relay circuit to

90

‘ground by way of the conductor 35. As the
" gther path to ground by way of the con-

95
‘ductor 39, was interrupted a moment before
by the operation of the cam switch and the
breaking of the engagement of the movable

-terminals with the contact vod &*", this

leaves current free to flow over the cireuit
of the line relay to the magnet ¢'* of the
calling device at the other end of the trunk.
Pending'the resumption of the transmission
of impulses of current from the other end -
of the trunk the escapemeént wheel of the
calling device has been_ at vest, the local
source of pulsations having moved the es-.
capement wheel far enough to carry the nose
of the lever ¢* past the contact lever e,
The interruption of the short circuit of the
calling device, therefore, as the interrupter
brush maves off of the long tooth, causes
the éscapement wheel to taks half a step,
the step being completed when the inter-
rupter brush moves on to the next corruga-
tion of the active segment. As the brush
moves on to-and off of each succeeding cor-
rugation in the continunous movement of
the switch ‘carriage, the escapement wheel
of the calling device takes one step for
cach  consequent closuve and interruption
of the short circuit of its. magnet e, and
the calling device therefore keeps pace in
its movement with the movement of the au-
tomatic switch. .

As the switch carriage rotates, the three
movable terminals s* of the group that has
been tripped, trail over the stationary ter-
minals in their corresponding rows; but no
disturbing circuit is completed by this mo- 130
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mentary engagement, inasmuch as the two
movable terminals connected to conductors
92 and 82 are held open in the contucts of

relay 4, which is encrgived g as the
hois moving on aceol v it
windings being connected in multiple with
the power wmugnet. The passuge of the
1l connected with the con-

movable fermi
ductor 40 over certain of the stationwry ter-

1o minals may canse the actuation of the »
ciated testing relay v, but the circuits asso-
ciated with this relay are not at this time in
condition to be affected by its movements.

Under the assumiption that the stationary

15 terminals of the line with which connection
is to be completed are the thirty-sixth in
order in the three rows over which the
tripped movable termiuals travel, as the
carringe of the automatic switeh S ap-

g9 proaches the thirty-sixth terminals of the

we. the nose of the lever ¢* of the escape-
¢ 3

e uf the lever ¢ of the calling de-
As the intérrupter brush §'° rides on
25 1 . eorrugation of the active segment *
which ecorresponds to the thirty-sixth sta-
#onary terminals of the rows, it deprives
the stepping magnet ¢'* of current, and per-
mits the escapement wheel of the calling
39 device to complete the step which carries
the nose of the lever ¢* into engagement
with the contact lever ¢** and moves it to
break its contacts e**. Engagenent between
the nose of the lever ¢** and the face of the
35 contact lever ¢ complotes the circuit by
weans of which impulses of current are sup-
liad from the local source ¢ for the con-
inued operation of the escapement wheel
juring the interruption of the trunk circuit
f‘n the coritacts of the lever . '

After the branch of the line relay circuit
which extends by way of the calling device
has been interrupted in the contact e of
Le lever &%, current still continues to flow
45 through the line velay 2 by way of the branch

38 which extends to the grotinded pole of

t\hc battery by way of the intelrupter brush

S9 and the uctive segment ‘of the inter-
rupter.  Current continues to flow by way
33 of this branch untilighelinterrupter brush
bas ridden off of the ¥prrogation of the ac-
the segment §* the engagement with which
wdied the calling device to take the last
Wal¥step that resulted in,the interruption
of the other branch of the'line relay circuit
_ih the contacts ¢**. Consequently, when the
path by way of the interrupter brush and
the ‘active segment is broken, the circuit of
the line relay is left open in both of its
80 branches, and the relay immediately acfs

te open its front contact and clos&its norpal

‘or resting contact. This happens,at the in-

stant when the movable terminalg ot the

sgroup that has heen trippgd come into en-
65 gagement with the thirty-sixth in series, ac-

4

prroaches the projecting. con-
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cording to the present assumption, of the
stationary terminals in their corresponding
rows. It will also be noted that by reason
of this arrangement the movable terminals
are prevented from stopping between the 70
stationary terminals, '

Tt will be remembered that in the opera-
tion T the cam switch while the switch ear-
riage ig traversing the long tootl of the
interrupter, the connection of the trip mag- 76
net with the circuit of the power magnet was
hroken, so that thereafter the continuation
of the flow of current through the power
magnet to effect the rotation of the carriage
has been dependent entirely upon the con-
tinued closure of the branch -ef the power
magnet circuit that extends to the grounded
pole of the central battery by way of the
front contact of the line relay 7. Tymrefore,
the instant the ling relay is operated to open 85
its front contact the current ceases to flow
in the energizing circuit of the power m;lf-
net, and the magnet releasesits hold uponthe
clutch disk $'2 through the medium of which
the rotation of the switch carriage is being
effected. The cdrriage thereupon comes to
rest with the selected, or tenth, group of
movable terminals in engagement with the .~
thirty-sixth set of stationary terminals in
order in the corresponding rows.

As current ceases to flow m the winding
of . the power magnet &', it also ceases to
flow in the winding of the connecting relay ¢
that is connected in parallel with the power
magnet winding in the power circuit. If,
now, no current is circulating in the second
winding of the connecting relay, that relay -
will 'be deipergized and will permit its
switeh spiiags ¢, 4 and & to close upon
their normal contacts,” thus extending -the
cirenit of the conductors 32 and 33 connected
with the first two movable terminals of the
group to the ringing generator z by way of
the resting contacts A* and A% of the ring-
ing relay A, which at this time is not ener-
gized. Whether or not current is flowing
at this juncture in the second winding of
the connecting relay ¢ depends upon whether
or not the testing relay m is receiving suffi-
cient current for its energization. This, in 115
turn, depends upon the busy or idle condi-
tion of the line with which the automatic
switch has brought its selected movable ter-
minals into connection. [If the line is busy.
it will he either becanse a plug is inserted 126
in the answering spring jack & associated
with the called line, or because some other
automatic switch has completed connection
with the line at other stationary switch ter-
minals to which the line is multiplied. The 125
presence of the plug in the answering jack
of the called line provides a path of low re-
sistance, by way of the winding of relay ¢*
of the cord circuit, for current to flow to. =
the grounded pole of the buttery through 13¢
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the circuit which extends from the free pole
of the battery by way of the winding of
the cut off relay p» and the conductor 7 to

‘the sleeve of the answering jack 5. Con-

sequently, when the circuit through the test-
ing relay and the relatively high resistance
of the coil m?® included in series with the
relay winding is bronght through the third
stationary terminal of the selecfed line into
parallel relation with the low resistance
branch extending to earth by way of the re-
lay ¢® of the connecting cord cireuit; so much
ot the total current flow is diverted from the
branch containing the testing relay m that
the relay does not receive enough current

- for its actuation. The switch springs of the
_testing relay, therefore, remain in engage-

20

ment with their normal or resting contacts,
and although current has ceased to flow
in one winding of the connecting relay ¢
on -account of the opening of the power

* maghet circuit, it continues to flow” in the

other winding by way of the conductor 24
and the closed contact of the testing relay.
Henes, if the selected line is found %o be
busy by reason of the presence of a plug
in its answering jack, the connecting relay <

. is not released, and the circuit 'of the trunk

30

W
ot

43

line remains open in the contacts of this
relay, thus preventing interference with the

connection that has already been established
with the line by way of its-answering jack.

In case the selected line is busy by reason
of having been connected with at the sta-
tionary terminals of some other automatic
switch to which it may extend, the testing
relay m of the automatic switch which I as-
sume is trying to make connection with the
linie is prevented from being actuated in the
same manner that it is prevented where the
line' is made busy, h}{ a connection at its an-
swering jaclk, as'dwScribed above; that is, so
much of the current flowing in the third con-
ductor 7 of the selected line by way of the
winding of the cut off relay » is diverted by
a path to be later pointed out from the test-
ing relay m of the automatic switch whose
operation I am now considering, that the
testing relay is not operated, and conse-

quently the energizing circuit of the second

winding
closed. _ .
If the selected line is idle, the instant the

~of the conmecting relay remains

~movgble terminals of the automatic switch

V13
Pt

60

i3

engage and come to rest upon the stationary
terminals of the selected line, the entire cur-

rent flow which the winding of the cut off

relay p pepmits in the third conductor of the
line, pass@s through the .cireitit including
the winding of the testing relay m and the
resistance coil m® This flow of current is
sufficient to energize the testing velay, and
the relay thereupon attracts ils switch
springs from their normml or resting con-
tacts, and in doing so interrupts in ifs con-
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tacts ' the flow of current through the sec-
ond winding of the connecting relay 7. As
the flow of current in the first winding of
the connecting relay ‘ceased the instant cur-
rent ceased to flow in the power magnet cir-
cuit, the connecting relay is now rendered
inert,- and permits the retraction of its
switch springs to extend the main condue-

tors of the automatic switch to the ringing-

generator 2, and to close, by way of its con-
tacts ¢° and conductor 41,.5 short circuit of
.the resistance coil 7® in the circuit of the
testing relay. Thus the operation of the
testing relay upon coming into connection
with an idle selected line permits the. appli-

cation of ringing current to that line, and

also reduces the resistarice of the pranch of
the circuit containing the testing relay m
by short-circuiting the resistance coil m?,
so that when the testing branch of a sub-

70
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85

sequently calling trunk is brought into par- -

allel with it, the second testing relay does
not receive. current enough for its actuation,
and. consequently prevents the associated
switch from completing the connection. In
the immediately preceding portion of the
specification I have described the operation

90

which follows ‘the interruption of the cir- -

cuit by way of the front contact of the line
relay 4, the consequent dednergization of the
power magnet s'* and the stopping of the
-switch. Another result consequent upon the
dednergization of the line relay 7 by reason
of the opening of .its energizing circuit at
the calling device E and at the interrupter
brush 5%, is that a circuit is completed by
way of the back or normal contact of the
ine relay which results in short-circuiting
thé winding of the controlling relay %, this
circuit being traceable from a poirnt between

95

100

105

the resistance coil %° and the winding of the -

controlling relay %, by way of conductor 53,
contacts §° of the-relay 7, conductor 52 and
the contacts §*°, s* of the cam switch to
earth by way-of the back contacts of the line

110

relay 7. Tt will be remembered that the con-

tact springs s** and s* of the cam switch
- were held out of engagement with each other
during the first or “level ” selecting stage of
movement of the automatic switch, and were

115"

brought into contact at the commencement -

of the second or line selecting stage of
moverent of the switch. Consequently, the
deénergization of the line relay 7 during the
second stage of movement of the automatic
switch is made effective to short circuit and
render inert the controlling relay %. The
retraction of the switch springs of the con-
trolling relay % opens the branch 88 of the
line relay ecircuit at switch contacts -&,
shifts, in its switch contacts %%, the control
of the front contact of the line relay from
the power magnet s to the energizing wind-
ing of the controlling relay 4, bresks the
locking circuit of the controlling velay % in

120
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gagement with each other.
of the smtch ¢*" completes the energizing,

28
"
the contacts %* and closes one of the inter-
ruptions in the conductor 43 of the busy test
eircuit at the switch contacts 45 :
The above described condition, wherein
the selected set of movable terminals 15 at

rest in engagement with the selected set of

stationary terminals,.and both controfing
relays 7 and % are deénergized, exists unt:l
the lne relay ¢ is again energized to attract
its armature and close its front contact.
This energization of the line relay ! is ef-
fected by the subsequent operation of the
calling device B w hmh I shall now describe.

It will be remembered that the last half
step of the calling device which opened. the
contacts ¢* and thus interrupted the cir-
cuit of the line relay Z,-also completed the
local stepping circuit fol"the actuating mag-
net ¢'* of the calling devige. Consequently,
while the above described changes of the
switching mechanism are taking place at the
other end of the trunk line, the stepping
magnet of the calling device causes the es-
capement wheel ¢* to continue its return
movement until, at the instant Immediately
preceding the last half step which brings
the escapement wheel into its home position,
the end of the lever ¢*° rests upon the tip of
the nbse of the contact lever ¢®. Upon the
cessation of the pulsation of current in the
local stepping cirenit that has advanced
the escapement wheel to this position the
stepping mwnct e' is dedrergized, t‘w last
half stn;, is taken, the contact lever ' falls
upon itz anvil, (losmfr contacts ¢**, and the
*mllfxunw lug &  carrie” by the escapement
wheet - brought against the switch ¢** and
causes its several members to move into en-
The operation

cirenit %3 of the releasing magnet 7t asso-
ciated 'with the mantally opemted key 7.
and-aigo closes a short cireuit of the resist-
ance_coil ¢* included in the civeuit of the re-
lay ¢, Tt will be remembered that the pres-
ence of the resistance coil d° in the circeoit of
the relay d* has heretofore prevented sofli-
cient (uuont for the energization of that
relay from flowing throngh the cireuit,
althongh unough h‘xs passed for the energi-
zetion of the relav f' that controls the
iltumination of the Ulll’ll\ busy signal lamps
77 and 7%, The increase in current flow con-
sequent upon- the completion of the short
circuit about the resistance coil d® by the re-
turn of the calling device to its normal or
home position causes the relay d* to attract
its switch springs against their alternate or
front contacts. In the movement of the
switch springs d°, the energizing circuit of
the relay d* is mterrupted by way of the
branch ‘extending through the switch ¢** of
the calling device, but is completed by way
of the branch extending through the’con:

ductor 15 and~the cp,lhng supervxsory }amp\

oy L
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¢ of the counecting cord circuit. The
switch spring d° of the relay d is arranged
to close one of its contacts bhefore it inter-
rupts the other, in order that the attraction
of the swilcl spring may cause no interrup-
tion in the flow of energizing current
through the relay. The other switch
springs d* and ¢? operate in the energization
of the relay 4 to complete the comnecting
cord -circuit in their front or ziternate con-
tacts, the switch spring d* at the same time
interrupting the connection of the con-
ductor 19 with the tip of the calling plug,
and thus disconnecting the calling -device
from the cord circuit. The switch spring
4" of the telay d is so related to its alternate

70
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contact and the sequence of operation of the'

devices is such that the circuit of the con-
ductor 13 is closed in the front contact of
the relay before the circuit by way of the
back contact Is interrupted. "As a resilt of
the changes. described above consequent

85

upon the return of the calling device E to its .

Iome position, the key # is released, and the
cirenit of the trunk line is extended throngh
the wnnectm,f_r eopd eircuit to the line of the
calling subscriber. s
The extension of the conductors of the
tr unl' hnv to the windings of the repeating
coil ¢¢ in the commecting cord circuit com-
pletes a chrcuit for the energization of the
[ine relay  at the other end of the trunk by
way of conductor 28 of the trunk, conductor
13 of the cord circuit and the interposed de-
vices through which these conductors ex-
tend. The cnergization of the line relay
causes its switch spring again to close ypon
its front contact, and t]ms complete
ctiit through the winding of the controlling
xL].w 7 by way of the contacts sV, 8 of the
earm "\lt(} the conductors, 56 and 43 and
thie switeh contacts %2 of the controlling re-
The completion of this circuit causes
the controliing relayv § to attract its switch
springs against their front contacts and
shift the cirenits which the switch springs
control.  The engugement of the switch
oring /”‘ with its front contacts shifts the
cuit of the power magnet 50 as to put it
i condition Lo be closed upon a subcequent
energization of the controlling relay %; the
I lmm e of the switch spring # upon its fxont
contact completes a local lockmg circuit for
the controlling relay 7, so that that relay
will remain enexgued after the circuit 1s

[
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I,mkeu at the front contact of the hne relay -
2y the closure of the switch spring #* upon .

its Tront contact applies current from the
busy-buck interrupter. to the conductor 43
so that if the selected line is in use current
will flow by way of conductor 37 to con-
ductor 29 of the trunk line and thence to

12r

vonductor 14 of the connecting cord circuit .

to transmit a characteristic tone to the op~ -

erator and the calling subscriber and canbe 1”

"~
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the intermittent illumination of the éallin,g;
‘supervisory lamp. ¢ to indicate. that the
called line is busy; and the closure of the

- switch spring 7 upon-its front contact ¢om-

10

15

pletes a circult which, upon a subsequent de-
energization of the-line relay [, is made
acfive to effect the operation of the con-
trolling rvelay %. .~ - . :

~In the condition which now exists the
calling subsecriber’s line is extended by way
of the connecting cord circuit to one end of
the trunk line, and the -called subscriber’s

‘line, assuming it to be idle, has been selected
“and is connected to the other end of the

trunk line, this end of the trunk line at this
time being disconnected from the end that
extends to the line of the calling subscriber,

- and being connected to the ringing current

25

30

generator by way of the normal or resting
contacts of the ringing relay 4. The super-
visory relay = of the trunk line, which is
connected in the circuit over which ringing
current is flowing to the called line. is
adapted to be irresponsive to the alternat-
ing ringing current that passes through it
while the telephone at the called substation
is resting on its hook, but to respond and
draw up 1ts armature when the resistance of
the-circuit is reduced by the lifting of the
receiver. When the called subscriber takes

" his telephone from its switch hook in re-

sponse to the call, the supervisory relay n

closes’ its contact and completes an energiz-
ing circuit for the calling supervisory relay
¢* of the connecting cord circuit and for the

. ringing reldy A of the trunk by way of the
~conductor 14 of the connecting cord cireuit.

40

the conductor 26 of the trunk cirenit and the
conductors 87 and 44, including the switch
spring m*® on its front contact and the con-
tacts of the supervisory relay n. The con-
sequent energization of the calling super-
visory relay ¢t ‘of the connecting cord circuit

extinguishes the calling supervisory lamp-
7, and thus indicates to the operator that

the called subseribyr has answered ; and the

. energizntion: of the ringing velay 4 discon-
- nects from: the ringing generator Z the end

i - of the trunk line terminating in the movable
50"

terminals of the automatic switchi, and con-
nects this end to the other end of the trunk

' line, thus completing a conversational cir-
~euit between the calling and the called sub-

35
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sevibers.. The energization of the ringing °

relny % is maintained by means of another

“winding having an energizing ¢ircuit in-

cluding the front contact of line relay I,
vonductors 45, 46-and 11.and cam switch

contacts: s and %, which is closed in the.

contacts 2°> of the relay after the relay is
initially energized by the response’ of the

~called stbscriber. This locking circuit for

%

the ringing relay is under the control of the

line relay 7, so that it is maintained orly so-

long as the line relay is energized and its

2

switeh spring resting against its front con-
tact. It serves to prevent the ringing relay
from operating to apply ringing current to
the Iine of the called subscriber when that
subscriber replaces his telephone upon its
hook at the end of the conversation.

The lines of the two subscribers are now
connected for conversation, the two super-
visory lamps ¢ and ¢ associated with the
cord circuit ave extinguished, and the trunk
lamps 7%, 7%, associated with the multiple

busy trunk against intrusion at these points.
When the conversation is finished the call-
ing subscriber by replacing his telephione on-
its hook causes the illumination of the lamp
¢, and the called subscriber by replacing
his telephone causes the illumination of the
lamp ¢ associated with the connecting cord
circuit. - The control of the called sub-
seriber over the associated supervisory lamp
of the connecting ¢ord circuit is effected
through the medium of the trunk super-
visory relay =, which, when the called sub-
scriber hangs up his receiver, breaks the cir-

76

75

‘jacks of the trunlk are lighted to guard the

>
E

cuit over which current is flowing for the .

energization of the calling supervisory relay
of the connecting ccord circuit and for the

energization of the ringing relay 4. But,

as' I have explained, the ringing’ relay also
receives energlzing current through its other’
winding, so that it does not now become

inert and reapply ringing current to the

line. When the operator perceives the illu-
mination of both supervisory lamps she
takes down the connection. The removal of
the connecting plug from the spring jack 7
of the trunk line breaks the circuit by means

“of which cu.rent has been flowing through

the winding of the line relay 7 during the
continuance of the connection, and this re-
lay, becoming inert, permits its switch
spring to fall back upon its normal or rest-

mg contact: Thereupon a circuit is com- -

pleted which extends by way of conductors
52, spring contacts.s™, 5%, of the cany switch,

conductor 52, switch spring /5 of relay j, .

conductor 54, winding of relay %, conductor
11, switch springs s** and %, to the free pole
of battery D. The closure of this ecircuit
energizes the controlling relay. % and causes
it to attract its switch springs against their
front or alternate contacts. The closure of
the switch spring Z* of the relay % upon its
front contact completes a locking circuit to
maintain the energization of the relay, and
the closure of the switch spring %° upon: its

19¢

110

120

front. contact completes the cireuit of the -

%

power magnet s, thé circuit having been

- previously closed to this point in the switch

contacts y* of the controlling relay §, which,

cireuit of the trunk-line was completed to
the connecting cord circuit upon the closure.

125

"it will be remembered, was energized and
. locked in its energized position when the
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of the contacts ¢ of the calling device.
Inasmuch as one of the windings of the con-
necting relay 7 is in paralic! with the wind-
in{; of the power magnet, the connecting
relay and power magnet are simnltaneously
energized, the power magnet to effect the
return of the switch carriage to its normal
position, and the connecting magnet to keep
che movable terminals of the automatic
switch disconnected from the balance of the
trunk circuit during the return movement of
the switch, in order that the passing of the
movable terminals over the stationary ter-
mirals of other lines may have no disturb-
in'% effect upon them. .

have heretofore explained how the sec-
ond energization of the power magnet causes
the switch carriage to execute a movement
in the reverse direction from that in which
it moves vwhen the power magnet is first
energized.  As the switch carriage moves
toward its home position the selected niov-
able terminals trail over the stationary ter-
minals in the corresponding rows—-but, as T
have explained, without producing any dis-
turbing effect-—the cam switch operates its
switch slgrings as the elevated portion of the
cam disk ‘passes the actuating lever of the
switch, and the interrupter brush intermit-
tently makes and breaks contact with the
active interrupter segment. Dut the opera-
tion of these circuit eontrolling mechunizms
during the return of the switch carriage is
ineffective to interfere with the return move-
ment or to complete any disturbing cirenit.
As the 'switch cdrriage arrives at thé end of
its return movement the roller at tie end of
the actuating lever of -the cam switch rides
down into the depression in the cam plate
and permits the switch spring ' to separate

“from its associated spring "%, and the switch
_spring & to separate from its associated

ring 8®. As it is through the contacts

" controlled by these sets of switch springs

45

50

that the current is supplied for the energiza-
tion ‘of the -various instrumentalities in-
volved. in.the operation of the automatic
switch S and its associated devices, the in-

terruption of these, contacts stops the return

‘movement of the switch, and permits 21l.of
the assoeiated relays to become inert and re-

" turn’ to their: normal positions. The auto-
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matic switch and its associated instrumen-
talities are thus restored to a condition in
readiness ‘to respond to another call and
establish -another connection. o

" The resistance of the windings of the
various devices employed in my system, and
the “electromotive force of the battery may
ordinarily be of any convenient value. One
set of values which T have found suitable in
opérating the system as shown is as follows:
The central battery D, approximately 24
volts; the line relay 7 and the stepping mag-

net ¢'* of the calling device, each 400 ohims; -

Sunderstood that in practice
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the power magnet s'', 56 ohins; the ¢rip
magnet £, 30 ohms; the controlling relay £
and resistance Z° in series therevith, 500
ohmé; the controlling relay j, 100 ohms? the
test relay m, 80 ohms; the resistance »” in
series therewith, 500 ohms; the connecting
relay ¢, 100 ohms in eack winding; the ring-
ing relay A, 100 ohms in each winding; the
relay ¢* in the conductor 25 extending to the
sleeve of the answering plug, 80 chms; the
resistance ¢** in the conductor controlled by
this relay, 118 ohms; the relay d* controlling
the continuity of the cord circuit and the
connection of the calling device therewith,
83 ohms; the resistance d° in series with this
relay, 700 ohms; the relay f* that controls
the illumination of the trunk busy lamps, 3¢
ohmg,  The other devices which have not
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been specifically inentioned in the forego-

ing-—including the repeating coils. and the
cut-off, line and supervisory relays—have
resistance values and characterisuics such as
are usual for these parts.

For the sake of greater simplicity of illus-
tration in the circait diagram I have shown
2 nuamber of central batteries D, and have
instrated # number of (e conductors as
extending directly to esrth instend of to the
grounded pole of the battery; but it will be
a single ceniral
hattery might properly be employed, and
thut the conductor mentioned above might
exlend directly fo the retuin pole of this
Lattery. ) ‘

Tr oider that this specificativn may con-
stitute a elear and complete disclosure of the

" system of my invention, T have deseribed in

detail a nuwmber of novel instrumentalities,
devised for nse in conuection with my sys-
tem; which T am not specifically claiming
herein but am veserving for ry other co-
pending applications, Serial Nos. 418124

(Patent No. “22.802, May 25, 1909), 418,126
and 418.127, filed Febrnary 27, 1908.°

I claim—
1.-In a telephone trunk system, the com-
bination with an electro-magnetically. con-.

Bo

5

100

lt(

trolled conne:.cr switch, of an electro-mag- -

neticallv controlled calling device adapted
to be operated by pulsations of current, a
divided cireuit including the magnet of said
calling device in its undivided portion, a
source of current arranged to cause a flow
of current through the circuit, a commiutator
in one of the branches of said divided cir-
cuit adapted intermittently to interrupt the
flow of current in the circuit, a contact de-
vice in the other branch of said divided cir-
cuit operated in the movement cf said con-
nector switch to intermittently iritérrupt the
flow of current in the ciremit, and a switch
controlied in the operation of said calling
device for alternatively completing the cir-
cuit of one or other of said branches. ‘

2. In a telyphone trunking system, the

1%



R

10

D

20

25

.30

35

40

1,188,046

combination with an electro-magnetically
actuated calling device, of a connector
switch, a contact device associated with
said - connector switch, and .operated in
the movement thereof adapted to cause
an intermittent flow of  current through
the magnet  of said calling device, a

local interrupter asscciated with said call-.

ing device and adapted to supply pul-
sations of current thereto, and a switch
associated with said calling device adapted
temporarily to disconnect the connector
switch contact device from the circuit of the
sending device magnet, and to connect local
interrupter in its place. ,

3. The combination with a telephone
trunk line, of an automatic switch associated
with the trunk Jine at one end and adapted
to connect the same with other lines, a call-
ing device at the other end of the trunk
adapted to be set to control the operation of
said automatic switch through any prede-

termined range of its movement, a switch

associated with' said trunk. adapted in one
of its alternative positions to connect said
calling devite with the trunk, and in the
other of its positions to complete the talk-

. ing circuit df the trunk, and means actuated
‘by said calling device upon its return to

normal position to actuate said switch,
whereby the calling device is disconnect

~and the talking circuit of the trunk is com-

pleted. : -

4. The combination with a trunk line, of
an “automatic switch associated. with the
trunk line at one end and adapted t3 con-

nect said trunk line with other lines, a call-"

ing device at the other end of the trank
adapted to -be ‘set to- control the operation
of said automatic connector switch through

-any predetermined range of ‘its movement,

. means made operative in the movement of

45

50

said automatic connector switch adapted to
control the movement of said calling device,

a manually operated. key adapied npon ac-.

tuation to bring said automatic eonnector
switch and said calling device into operative
relation, a latch for holding said manually

-operated key in.its actuated position, and a

trip magnet associated with said key' and
adapted to be energized at the end of the

. movement of said calling device to release
" said manually operated key.

.85

é¢

-5, The combination with a trunk line, of
an automatic switch associated with the
trunk line at one end and .adapted to con-
nect. said -trunk line with other lines, a call-
ing device at the other end of the trunk

_ adapted to be set to.control the operation of

said -automatic - connector - switch, means

- made operative in the movement of said au-
" fomatic connector switch adapted to control

the nmiovement of-s_:}id calling device, a manu- .~

‘operated key* adapted upon actuation

ally
to {ﬁng said automatic-connector switch and

8L

.

said calling device into operative relation,
a latch for holding said manually operated
key in'its actuated position, a trip magnet
associated ‘with said key and adapted to
move the latch to release the key, a switch
adapted to disconnect said calling device
and complete the talking circuit of the
trunk, and means made operative at the end

~of the movement of said calling device to

actuate said trip mdgnet and said switch.

6. The combination with a trunk line, of
an automatic switch associated with the
trunk line at one end and adapted to con-
nect said trunk with other lines, an electro-
magnetically actuated calling device at the
other end of the trunk adapted to be set to

70
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control the operation of said automatic con- -
nector switch, said electro-magnetic calling
dévice being adapted to be actuated by im- °

pulses of ‘current in its magnet, means asso-

ciated with the connector switch adapted in.

the movement of said cannector.switch to

produce impulses of current for the opera-

tion of said calling device, means associated
with said calling device for producing. im-
pulses of current for its actuation, and a
-switch actuated in the movement of said
calling device adapted temporarily to dis-
connect the magnet of the calling device
from the current pulsations produced by the
connector switch, and to connect the mag-
net with the pulsations produced by the
means associated with the calling device.

7. In a telephone system, the combination
with a trunk line of a connector swiich at

one end of said line comprising a plurality

of stationary terminals arranged in paral-
lel rows and a plurality of normally inac-
tive movable terminals eorresponding with
said rows of stationary terminals and
adapted to traverse the same, means for
moving said movable contacts in one direc-
.tion and in two stages, mechanism made
operative during the first stage of move-
ment of said movable contacts to render
active 'a particular one of the same, means
made operative during the second stage of
movement of the switch adapted to bring
the selected movable {erminal into engage-
ment with a particular stationary terminal
in the corresponding row, a calling device
at the other end of the trunk, said calling
device being adapted to move in two stages.
switching miechanism operated in the first
-stage of movement of said calling device
and adapted to control the movable termi-
nal selecting mechaniem of the connector
switeh .and other switching mechanism
operated in the second stage of movement
of said calling device adapted to control the
“operation of the stationary terminal select-
,ing means of the connector switch.

8. In a telephone system, the combination
with a trunk line, of a connector switch at
one end of the trunk line comprising a plu-
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rality  of sistionary terminsls 'ané s’ plu-
‘rality’ of ' lermally' inactive imovable termi-
‘nals -adapted to be caused to traverse said
.gtationaty terminals, means for- selecting
5 and rendering ' active a. particular:one of
"-satd movable terminuals, the movable termi-
--1ia] selected: ‘being dependent upon the ex-

ibent to 1 which the movable terminals have

‘been' disptacéd: from their- normal position
a0 at.the time thé selecting means is actuated,
‘meams for : causing the: movable - terminal
-thus 'selected to select ‘und complete connec-
tion wills)a: paruicular stationary terminal,

the stationary ‘terminal: selected being also -

16 -dependent upon the degree of displacement
+ of i the movable .contacts from their normal
position: at 'thé. moment the stationary ter-
-minal selecting' means: is operated, an ‘elec-

. trically-:controlled- icalling device -at the
20 other end: of the trunk; switchinig mecha-
.nikmy peweciated with -said conmector switch
-for" controlling' the movement of said call-
ing devide; switching mechanism associated

' with- said calling- device, and -means for
‘26 operating ssid-switchin . methanism at the
-end::of ;a' predetermined movement of ‘said

‘i oalling device toeffect the:operation of the
movable! terminal ‘sélecting means, and for
operating ‘said -switching mechanism at the

30 end of an!additional predetermined move-
ment - of said. calling device to effect the
aperation-of said stationary terminal select-
ing medps. - SR IR
oi I @ telephone system: thé combination

35 witha- trunk-line, of 4 connector swit¢h at
otie erid of the trunk Jine!comprising a plu-
rality of btatienary terminals and a plural-

ity .of inommally idactive ‘movible terminals.

. ‘adaptedi tepe causel .to -traverse said sta-
40 tionary terminals; means adapted to select
and render -active 4 particular one. of; gaid
movable. terminals, the particular saovable

.torminal seléeted being dependent! upom. the-

extentito which the movable terminails have
been : displaced-from' their: normal position
at the time thi selecting means is actusted,
“an electrically acfuated calling: devioce at the
other . end . of the.trunk, switehing. mecha-
nism: associated  with said ‘connector switch
- and operated .in ‘the: movement thereof for
.contyolling the movermnent of said calling de-
-vite, switching mechanisib -associated with
said calling deviee, nnd means. made effsc-
tiwe . dften . predetermined ~movement - of
saidi callinig-device to operate said switching
wechanisty to effect the . operationi of .the
.movable .terminal- selecting meansi of ' the
<eonnector switeh, i - Lo
....10, In. @ telephone. system, the ‘combina-

145

38

80 ,
Baving: alplurdlity. of . stationary, terminals

“and 3 plurality of normally inactive moy- -
to. "be moved over’

able. (terminals adapted :
© gaid stationary -terminals, . electrganagnetic
“mechanism adapted to select and render ac-

-the same, and a switch operated by said call-

tion with. a: trizk Jine, of} a connector switch

21,194,040

tive a certain one of said movable terminals,
-eleckro-magnetic mecnanism adapted to .
Ccause’ said selected moevable terminal to
gelect and complete connection with a cer-
tain one of said stationary terminals, a
-calling device at the other end of the trunk,
and switching mechanism associated there-
with and adapted after a certain predeter-
mined movement of said calling device to
‘cause the operation of the movable terminal
‘selecting. mechanisin® of ~the connector
switch, -and after an additional predeter-
mined movement to cause the operation of
‘the stationary terminal selecting mechanism
of the connector switclL." .

i1. In a telephone system, the combina-
tion with a trunk line, of a calling device °
at one end of the line; a connector switch
at the other end df the line, a magnet as-
soeiated with the calling device for control-
ling the movement thereof, a switch asso-
ciated with the connector switch and oper-
ated in the movement thereof for control-
ling the flow of current through said calling
device, electromagnetically actuated mecha-
nism for controlling the movement of the
connector switch., and a switch associated
with the calling device and operated in the
movement thereof for causing the operation
of said electrically actuated mechanism to
control the operation of said connector
switch. ‘

12. In a telephone system, the combina-
‘tion . with -a trunk line, of a-calling device
4t one end of the trunk line, an automatic
connector switch at.the other end of the
trunk line, a magmet for controlling the
‘mevement of said callirig device, a 'switch
operated in the movement of said connector
.gwiteh: for controlling the flow of current
through said calling device magnet, means
:for cansing the movement of said connector
switch, a magnet controlling the application
.of said means to the switch to move the
same, a-switch-at the other end of the trunk
adapted to he .operated to. cause:the ener-
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..gization of:said controlling magnet.of the

.¢bnnector switch to cause the. movement of
;ing devite: to. cause the deénergization of 115
said controlling .magnet to stop.the connec-
tomswiteh. . . o - AR .

13. Tn a telephone. system, the -combina- .

‘tion- with-a trunk line, of & calling: device

.at one eud of said trunk line,.a conneector 120
switch at the other end of said line, an elec-
tro-magnet adapted to.control the move-

ment of ;said calling devics, & switch oper-

vated in . the. movement.-of said connector

wwiteh and adapted to control the flow of ‘125
currert through the c¢bntrolling ‘magnet of
the. -calling!' device, electrically . actuated”
means for ‘controlling the movement of sai

. cannewtor switch, contacts at the calling de-

‘viwg end of the trunk closed in the act of 130
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extending the circuit of the trunk, and, a
circuit ¢ompleted in the closure of sajd con-
tacts adapted to control the energization of
the electrically actuated contpolting means
of the connector switch.. »

14. In a telephone system, the combina-
tion with a telephone truck line and a-plug
and springjack for completing connection
therewith, of a calling device at one end of
the trunk, a connector switeh at the other
end of the trunk, a magnet controlling the
movement of said calling device. a switch
operated by said connector switch for con-
trolling the actuation of the magnet of the
calling device, electro-magnetic mechanism
adapted to control the movement of said
connector switch, an energizing circuit for
said electro - magnetic mechanism, and a
switeh actuated in the movement of said
calling device, said enmergizing circuit for
the electro-magnetic mechanism of the con.

Aector switch being under the joint control

of the aforesaid plug and springjack of the
teriank and the switch associate% with said
calling device.

15. In a telephone system, the combina-
tion with a trunk line, of a calling device
at one end of the trunk line, means adapted
to eause the movement of said calling -de-

"vice, switchitig mechanism operated twice

by the calling device in the course of the
movement ‘thereof and adapted upon each
operation to alter the fiow of current in the
circuit of the trunk line, the relation of said
switching mechanism to the calling device
being variable at will to vary the interval
between the commencement, of movement of
the calling device and the pperation of the

- switching thechanism and between the frst

40

and second operations thereof, and an elec-

‘frically controlled conmector switch at the

other end of the trunk line adapted to be
selectively responsive in its operation to the

- length of the said intervals between alter-

‘45
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ations of current flow, as detexmined by the
adjustment of the switching mechanism of.
the calling device.

16. In a. telephone system, the combina-

~tion  with a trunk line, of a connecting
‘50

switch at one end of said line having a plu-
rality of statjonary terminals and a moving
terminal adapted to be brought into en-
gagement . therewith, ‘ary electro- magretic -
switch.adapted wheh actuated to keep the
trunk line “disconnected from . said mov-
able terminal, ele¢tro-magnetic -mechanism
adapted to contiol the movement of said
movable terminal, an energizing’circuit for

said electro-magnetic switeh and' said elec-

tro.magnetic mechanism adapted to keep
the switch engrgized to maintain the discon-

" nection of the frunk line from the movable

65

“terminal during the operation of'the mov-

ing mechanism, and a switch adapted to
control said energizingZeirouit to itpp ‘the

moving contact and simultaneously .extend
to it the circuit of the trunk line. ’

17. Inatelephone system, the combination
with a trunk line, of a connector switch af
one end of the trunk line, said switch com-
prising a plurality of stationary terminals,.

a movable terminal, and means adapted to

cause the same te traverse said stationary
terminals, a source of ringing current, an
electro-magnetic switch contrelling the ap-
plication of said ringing current to the trunk
line, said electro-magnetic switch -being
adapted, when energized to keep the mov-
able terminal of ' the conmector switch dis-
connected from the spurce of ringing cur-
rent and - being adapted when ‘degn-
ergized ‘to apply the same to the movable
terminal, an energizing circuit for said elec-
tro-magnetic switch, and means.adapted to

render said energizing circuit active during 8

the movement of said comnector switch and’
to render the same inactive to cause the de-
energization of the electro-magnetic switch
and the application of ringing curvent upon

. the stopping of the connector switch. ¢
18. In a telephone system, the combina-

tion with a trunk line, of a connector switch
at one end of said trunk line, said switch
comprising stationary terminals, movable
terminals, and means for causing said mov-
able terminals. to traverse said statiopary
terminals, subscribers’ lines. connected wit

said stationary terminals, a source of ring-
ing current, an electro-magnetic switch

#5

adapted when deénergized to apply ringing 10¢

current from said source to the subseriber’s
line with which the trunk line is connected,
an energizing circuit for said electro-mng-
netic switch, means for making said cireuit
active during the movement of the movgble
terminals of said connector switch and for
rendering the same inactive upon the stop-
ping of said movement, whereby ringing
current is applied when the moving termi-
nals of the switch stop in contact with~the
stationary terminals. ;!

with a trunk line, of an automatic switch
at one end of said trunk line, said switch
comprising a plurality of stationary con-
tacts, a movgble contact, and means for
causing said movible contact to traverse
said stationary contacts, subscribers’ lines
connected , with said stationary contacts, a

. source of ringing current, an electro-mag-

nétic switch adapted to be deénergized upon
the stopping ef the movgble contact; and to
apply said ringing current to the trunk cip-
cuit to ring the line upon the terminals of
which the movable contact of the automatic

‘switch comes to rest, an electro-magnetic
-switch adapted to disconnect the source of

ringing current from the trunik and close the
talking circuit of the trunk, z}nd means. un-
der the-control of the called line ‘adapted._to

104
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19. In a telephone system, the combinstion
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terminals adapted to traverse
said s stationary tcrminah, and electro-mag-
nou"'dlv controiled mechanisni associated
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to alterations of current flow in the circuit
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degree of displacement of the movable ter-
wminals from their normal position, being
adapted to cause sald selacted movable ter-
minal o ::mm, and stop upon o particulur
inal upon another siteration
,and })f ing adnpted to restore
5 mmz ql Dt)~1f10[\ upml an-

one system, the comnbina-
nk line, of means at one end

nowith & B

of

said trunk line adapted to produce a
series of alterations 1n the current flow

’('m‘rfdn saih means being adapted to cause
said alferations to follow each other at any
desired intervals, a connector switeh at the
other end of the troek lise comprising-a
plurality of stationavy terminals urranged
m p(«m]}oi rows, u plurality of normally in-
active movalile terminals, each movable-ter-
minal b being adapted to traverse a particu-
lar row of stationary terminals, means
adapted to cause the movement of said mov-
able terminals over sald stationary termi-
nals, selecting mechanism adapted to select
and render active a particular one of said
movable terminals, and means adapted to
stop the movement of said movable termi-
nals, said means for eausing the movement
of said movable terminals being adapted. to
be responsive to the fmt alteration of cur-
rent fiow dn said trunk line, said selecting
mechanism being responsive to another al-
toration of current flow in the line, and said
weans for stopping the movable terminals
“ith the gelected one in contact with a par-
ticniar one of said stationary terminals be-
ing responsive to another alteration of cur-
rent How in the trunk line.

28, In a telephons gvstem, the combina-
tion with a trunk line, of mesns at one end
thereof to produce a series of alterations of
current flow in the trunk line at predeter-
mined 1 v ]s, a connector switch at the
other 1 line, said switeh com-
of stationary terminals
rosws, 2 plurality of
for each row of
Lapled to traverse
wtic  mechanism
and’ render opt* vative a
csald movable
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ing means to stop the selected movable ter-
minal in contact with a particular station-
ary terminal in its associated row, the par-
ticnlar movable terminal and the particular
stationary terminal selected being depend-
ent npon the length of the intervals be-
tween alteriiions of current flow in the cir-
cuit of the frunk line.

1. In a telephone system, the combina-
tion with a trunk line, of a connector switch

- ab one end of said trunk line, said switch

comprising a plurality of stationary termi-
nals, a plurality of movable terminals con-
nected in multiple to the trunk line, means
for moving said movable terminals over
said stationary terminals. latching mecha-
nism adapted to hold each movable termi-
nal out of engagement with the stationary
terminals over which it passes, electrically
actuated selecting mechanisin adapted . to
trip said latches, and meuns made active
upon the tripping of one of said latches and
adapted torender said sclecting mechanism
inoperative to trip any other of the latches.
25. In a telephone system, the combina-
tion with a trunk line, of a switch at one
end of said trunk line, said switch com-
prising a plurality of stationary terminals,
a plurality of normally inactive movable
terminals connected in multiple to the trunk
line, means for moving said movable termi-
nals over said stationary terminals,. élec-
trically actuated mechanism adapted to se-
lect and render active a particular one of
said. movable terminals and means made
operative in the rendering active of any one
of said movable terminals adapted to pre-
vent the operation of said mechanism to
render active another moyable terminal.
26. In a telephone system, the combina-
tion with a trunk line, of a connector switch
at one end of said trunk line, a plurality of

stationary terminals for said conmector

switch arranged in parallel rows, a plural-
ity of movable terminals, each adapted to
traverse a particular row of stationary
terminals, latching mechanism’ for nor-
mally holding. each of said movable
terminals out of engagement with its as-
sociated row of terminals, means for caus-

ing the movement together of all of said -

movable terminals over their respective
stationdry terminals, electrically actuated
mechanism.-adapted to select and trip the
Iateh of a partienlar movable terminal in
the movement of said terminal, and menns
adapted to insure the full tripping move-

ment of said selecting mechanism after the.
“tibvement has been started. : :

27. In a teleplione system, the combina-
tion with a triank-line, of means adapted to
ciose the circuit thereof in making connec-
tion with the trunk line at one end, a ecall’

ing device at this end adapted in its opera--

tion: to interrupt the cireuit of the trunk

‘posed switching mechanism'ac

and then close it again for conversation, a
connector switch at the other end of the
trunk, means for moving the same to cause
the trunk to be connected to a particular
terminal of the.switch, electro-magnetic
mechanism adapted to cause the movement
of the switch when the circnit of the' trunk
is first completed at the other end thereof,
and to cause the movement to cease when

the calling device interrapts the cirenit of -

the trunk, and switching mechanism made
operative upon the interruption of the cir-
cuit by the culling device and adapted to
render inactive said movement controlling
mechanism before the calling device oper-
ates to close the circuit of the trunk for
conversation, whereby further movement of
the connector switch is prevented.)

28. In a telephone system, the combina-
tion with a'trunk line, of a connector switch
at one end of the trunk line, means for mov-
ing said connector switch to cause the con-
nection|of said trunk line with a particular
termingl ‘of said switch,. electro-magnetic.
mechanism controlling the application of
said moving means to said switch, an ener-
gizing circuit. for said controlling mecha-
nism closed in completing connection with
the trunk at the other end thereof, a calling
device at the other end of the trunk adapted
to open the cireuit of the trunk to stop said
connector switch after it has made a prede-
termined movement and then to close the
circuit of said trunk for conversation, and
switching mechanism made active in the

opening of the. circuit of the trunk by the -

calling device adapted to rénder inopera-
tive said controlling mechanism, whereby
further movément of said switch is pre-
vented upon the closure of the trunk ecir-
cuit for conversation. _ ) ‘

29. In a telephone system. the combina-
tion with a trunk line, of a connector switch
at one.end of said trunk line, said connec-
tor‘ switch ‘comprising a plurality of sta-
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tionary terminals, and a plurality of mov- -

-ablé terminals, means adapted to cauge the

movement of said movable terminals over
said stationary terminals, electro-magnetic

-mechanism adapted to start and stop the
movement of said movablé terminals, cause
the selection of a particular one of -said -

movable terminals, and effect the return of
the switch to its.normal position, a calling.

means at the other end of the trunk adapt-

ed to close and open switch contacts at pre-
determined intervals in the operation of
the device, a single circuit connecting said
calling means with the-controlling mecha-
nism -of said connector- sw'rtﬁll, and inter-

ipted-to have
its condition progressively-altered in-the

.opening and closing of the contacts ofgaid_

calling means and-theréby to shift the jcori-
trol of said ealling deviceover the contrpl-
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civeuits into operative velation with said
trunk line, calling means st the other end
of the trunk line adapted to producg;a.se-
ries of alterations of the current flow ¥n the
cireuit of the trunk line, said alters vions of
current flow being adaptedito ffect She,op-

eration of said switching ny chan;smy to
bring one after the other of'sai ' energizniug
civewits into operative velatior with the
trunk line and under the” control of said
calling means, and means for preventing the
operation of said calling means to produce
another alteration in the current flow in the
circuit until said gwitching mechanism has
responded to the preceding alteration and
switched its cirenits.

31. In a telephone system, the combination

with & trunk line, of a switch having a plu-

vality of stationary terminals, and o plu-
ality of movable termin: ls connected in
multiple to the trunk Jine, means for cavsing

said movable terminals to move tugether.

over said stationary terminals, mechanism
adapted to measure the displacement of fhe
movable términals as they are moved, a call-
ing device, and means controiled by said

measuring mechanism through said calling-

device for stopping the switch after u pre-
determined movement thereof.

32. In a telepbone system, the. combi-

nation with a trunk line,. of a switch

having a ‘plurality of stationary ter-
minals,  and a plurality of normally

inactive movable terminals connected in
multiple to the trunk line, means for
causing said movable terminals to. move
togethier over said stationary terininals,
mechanism adapted to, measure the displace-
ment of said movable tevmingls as. they ave
moved, a calling device, and memns con-

trolled by -said ' measuring mechanism

through said calling device adapted to select

" tripping device, said 1
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and render active a certain one of said mov-
able terminals and to cause the sclected mov-

- with a telephone line, of an automsatic switeh

having a plurality of movable terminals
connected in multiple to said trunk line, a
plurality of stationary terminals over which
sald wevaebie terminals are adapted. to ‘be
moved, a latch associated with each movable
terminal and operating to hold the same in-
active movmally, an electrically controiled
es being adipted
to be moved into eperative relation with the
fripping device one after the other in the
movement of said movable terminals, mecha-
nisnt associated with said movable terminals
adapted to measure the displacement of the
same from thelr normal position, and an
caergizing cirenit for said tripping device
W

der the contrel of said measurine mech-
anism.

34, Tn a tele honesystem, the combination
with a teleplione line, »f an antomatic switch
having a plurality of movable terminals con-
nected in multiple to said trunk line, a pla-
rality of stationary terminals over which
said movable terminals are adapted to be
moved, a latch associated with each movable
terminal and operating to hold the same in-
active normally, an electro-magnetic trip-
ping device, said latches being adapted to
be moved into operative relation with the
tripping device one after the othgr in the
movement of said movable.terminals, mech-
anism associated with said movable termi-
nals adapted to measure the movement there-
of and the corresponding movement of said

latches past said tripping device, a calling

device adapted to be moved under the con-
trol of said measuring mechanism, and a
gwitch associated with said calling device
and adapted to contro! the operation of snid
tripping device, said calling device being

‘adapted to be set to bring about the oper-

ation of said tripping device at any desired
stage of the movement of said movable ter-
minals as measured by said measuring mech-
anism, to select and render operative any
desired one of said movable terminals.

35, In a telephone system, the combination’

vwith an automatic switch having a plurality
- of stationary terminals and a plurality of

normally inactive movable terminals adapt-
ed to traverse the same, of a telephone line
having multiple connection with said mov-
able terminals, other telephone lines conuect-
ed with said stationary terminals, electri-
cally controlled means for moving the mov-
able terminals over the stationary termi-
nals, an energizing circuit for said moving
meuns, mechanism for selecting and render-
ing operative any;ene of said movable ter-

.
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tiple to said line, a plurality of stationary
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minals, said movable termiinals being ada 5-

.ed to be brought into operative relation with

sald selecting mechanism one after the other

.in’the movement of the switch, switching
~mechanism adapted to be actuated in the
‘movement of the automatic switch as ‘the

movable terminals come successively into
operative relation with said selecting mech-
anism and as they pass over the stationary
terminals one after the other, and a calling
device at the other end of the telephone line
adapted to be controlled by said switching
mecfx.anismv -and having switch contaets
adapted to be set to operate at predeter-
minagd . points in the movement of the calling
device, snid switching mechanism being
adapted first to place said selecting mecha-
nism under the control of the cslling device

“at.each actuation, and being adapted, after
the .operation of said -selecting Tnechanism,
“to place the energizing circuit of said switch
‘moving means under.the control of the call-

ing device at each actuation. )
:36. Tn a telephone system, the combina-

‘tion with a telephone line, of an automatic
“switch having a plurality of normally inac-

movable ‘terminals connected in mul-

terminals adapted to ‘be traversed by said
movable terminals, means for moving'the

:..movable terminals over the stationary ter-

minals, means for selecting and -rendering

-active a particular one of said movable ter-

minals and for causing said selected mov-

able terminal to ‘select and come to rest’
‘upon a particular .one of said stationary

“terminals, the particular ‘movable ‘terminal

-and the particular stationary terminal se-

* lected: being dependent upon the degree of

40
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displacement of said movable terminals

from their normal position when said se-

lecting means is actuated, a measuring de-

_viee associated with said aufomatic switch
-and adapted to be actuated as the point of se-

lection for each movable terminal and for

-each stationary terminal is passed in the

50

. switeh under the control of the calling de-

-movement of the switeh, and a calling de-

vice at the other end of the telephone line,
said measuring device being adapted to
place said selecting means of the automatic

. vice upon each actuation of the measuring

55

'

devicae, o _ :

87. In a telephone system, the combina-
tion with a telephone line, of an automatic
switch having a plurality of normally inac-

- tive movable terminals connected in multi-

80

ple to said line, a plurality of stationary
terminals adapted to be traversed by said
movable terminals, means for moving said

- mdva_ble_ terminals over said stationary ter-

minals, means for selecting and rendering

- active a particular one of said movable ter-

€5

minals and for causing said selected mov-
able terminal to come to rest upon a par-

a7

ticular one of said stationary terminals, the
particular movable terminal and the par-
ticular stationary terminal selected being
dependent upon the degree of displacement
of said movable terminals from their nor-
mal positien when said selecting means is
actuated, a measuring device associated with
said -automatic switch and adapted to be
actuated as the point of selection for each
movable terminal and for each stationary
terminal is passed in the movement of the
$witch, an electrically controlled calling de-

vice at the other end of said telephone line,

said calling device being adapted to be ad-
vanced step by step under the control of the
intermittent actuation of said measuring
device, and switch contacts adapted to be

‘set to operate at certain points in the move-

ment of .said calling device, said measuring
device being adapted to place the selecting
means of the automatic switch under the
control of said switch contacts of the call-
ing device-upon each actuation of said meas-
uring device as the points of selection are
passed. :

38. In a telephone system, the combina-_
tion with a telephone line, of an automatic
switch having a plurality of normally inac-
tive movable terminals connected in multi-
ple to said telephone line, a plurality of sta-
tionary -terminals adapted to be traversed
by said mavable terminals, means for mov-
ing said movable terminals over said sta-
tionary terminals, mechanism for selecting
and rendering active any one of said mov-
able. terminals, said movable terminals be-
ing brought into operative relation with
said selecting mechanism one after the other
in the movement of the switch, switching -
mechanism controlling said selecting mecha-
nism and adapted to be actuated in the
movement of the automatic switch to effect
the operation of said selecting mechanism
as each movable terminal comes into, opera-
tive relation therewith, and a calling device
at the other end of said telephone line
adapted to be set to prevent the actuation
of said selecting mechanism as it comes into
operative relation with certain of said mov-
able terminals, :

39. In.a telephone system, the combina-
tion with a telephone line, of an automatic
switch having a plurality of normally inac-

‘tive movable terminals connected in multi-:

ple to said line, a plurality of stationary ter-
minals adapted to be traversed by said ‘mov-

“able terminals, means for moving said mov-

able terminals over said stationary termi-
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nals, mechanism for selecting and rendering .

active any one of said movable terminals,

- said movable terminals being brought into

operative relation with said selecting mecha-
nism one, after the other in the movement
of said switch, switching mechanism con-
trolling said = selecting mechanism. and
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88

adapied to be actuated in the movement of
suid automatic switeh to eflect the operation
o said seleeting mechanism as each mov-
able terminal comes into ope rative relation
with said mechapism, a calling device at

the other end of said ‘telephone line ac dapt-

ed to be set to prevent the actuation of said

,,\iwimo wechenism by said  switching
£

echanism until said oelﬂn,tmw mechanism
comes into operative relation with a eortain
one of said movable terminals, and a switch
contact associated with said aufomatic
switel und operated in the sctuation of said
seloctuw mechanism, said switeh contact be-
ing adapted to prevent the subsequent sac-
tuation of said selecting mechanism as it
comes into operative velation with other
movable terminals in the movement of the
switch.
40. In a feh,phonc system, the combina-
tion with a telephone Iine, of an automatic
switch having a plurality of movable termi-
pals connceted in multiple to said line, a
plurality of stationary terminals over which
said movable te: minals ave adapted to be
moved, a latch associated with each movable
terminal and- opcrttuw to hold the same
normally inactive, a Lrlppuw device, said
latches being ada pwd to be moved into op-
erative relation with the tripping device one
after the other in o movement of said mov-
able terminals, o um‘n device, and switch-

ing mechanism as ocia }d_ with said auto-
matic switeh and adapted to place said trip-
ping device under the Umtiwl of said call-

ing device fov an instant as the lateh of each
movable terminal comes into operative rela-
tion to the tripping device.

41. In a telephone system, the combina-
tien \\1Ln a telephone hine,wof an automatic
switch having a plural ity of norally m-
active movable terininals connected in mul-
tiple to said line, » plurality of stationary
terminals over which said inovable termi-
nals ave adapted to be nm\(\d meansg with

which said r.mx(ﬂ\le termingls are hronght
LUU, operative velution one afler the other
in the mosement thereof to select and ren-
der ackive any one of the same, a calling
device, and switehing moechanism operated
in the wovement of said movable terminals
and .ldaptm to place said selecting means
under the umhu} of said ealling device for
an instant as each movable terminal comes
into operative relation with said selecting
means.

492, In a telephone system, the comibina-
tion with a telephone hnr‘ of calling ap-
pliances at one end of the Tine, an automatic
switch at the other end of the line. (‘}’zt“
tmcxlly controlled means for causing the ad

rance and return movements of said auto-
matic switeh, an energizing cireuit for said
moving means .under the control of said
calling appliances, and means

o source of current, a \ branch of it i

associated

1,126,040

with the automatic switch ind made opera-
tive during the return movement thureof
adapted tu neutralize the control of said
calling appliances over the antomatic switch
after said calling applances have op“mtvd
{0 initiate the retwrn movement of the
switeh, whereby the complete return of the
gwitch is Insured.

43. In a imvphone system,
tion with a tefephone line, of
switch having o pluraliby of
ackive movable feriinals ¢ seted 1n. mtl
tiple o said line, a plurality of statiovary
termmais means for causing, the movenment
of said movable terminals over uun station-
ary terminals, an electro-magned ada;»ter! m
control said moving means, wochanis
geiecting and rendori ng ‘Idi‘ ¢ ANy one
said movable ter mma[s. said movable ter-
minals being adapted to be brought inte op-
erabive relafion with said selecti 1y mecha-
nism one after the other in the movement
of the switch, an electromagnet adapted to
control said selecting mechanism, an ener-
gizing circuit ing lll'hn(r id moving magnet
and said selecting m.tunoi serindly with a
souree of cmlmt, a Lranch of that portion
of said cirenit which includes said selecting
magnet, said branch when closed heing
adapbed to prevent the actration of said se-
]LC.uﬂ”‘ marnet, a calling device at the other
end of 5 iephone hntn and a switeh con-
[

the combiua-
an aubomatic
senadly ine

]
et ggntioiled theveby adapted to open said
Lu aneh to cuuse the Jwtmtmn of sald select-
ing magnet and the selection of one of said
movable terminals without affecting the de-
energization of the moving m muet to stop
the movement of the switch. )
4t In a Ldvphone system,
tion with a tele },nmw fine,
gwiteh having a plo wality of normally in-
Ls(‘hu woval Ile tor zmmﬂ conneet |
tiple to sald fine, n plurality o
tern 'm s, menns for cansing th movenent
£ siid movable 1(\111}1!1&1& over sald station-
arvy Lunuu}. al. nh»ftw—J,,J“mL adupted
to control said moving me ans, mechaniomn
ior selecting and vendering active any e
of suid movabie termin: 118, eaid wovahle tor-
minals being adapted to be bronght inic
erative yelation with
nism one atter the other in the moves
the
control
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said selecling mecha -
) nent of
gwitch, an electro-magnet :u_lupi'wd to
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said sclecting mechaniszm
gizing circuit mclndnw said mml
nd (m(l said selecting mlﬂrn(t selind

oney-

tion of said circuib which includes s
Tﬂ(‘t'ins: magnet, said hranch
“eing adapted to prevent the s
said selecting maguet, sw itehy vor
mally mtm‘runtmg the branch of
;}17”10 cireult containing said seloct SR
net, said contacls bmw operated t; case
S&i( branch at the outset of the movement
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of said movable terminals and to open said
branch after the selecting mechanism has
operated to select and render active one of
caid movable terminals, switch contacts con-
trolling the first-mentioned branch of the
energizing cireuit, and 2 calling device at
the other énd of the telephone line adapted
to govern the operation of said switch con-
tacts, said contacts being adapted when first
closed to complete the energizing circuit for
said moving magnet to start the movement
of the movable terminals and at the same
time prevent the energization of the select-
ing magnet in the other branch of the cir-
cuit, being - adapted when subsequently
opened to cause the actuation of said select-

.ing magnet without stopping the movement

of the switch, and when opened after the
caid other branch including the
selocting magnet being adapted to stop the
movement of the switch. '

45, In a telephone system, the combina-
tion with a telephone line, of an automatic
gwitch having a plurality or normally inac-
tive movable terminals to which said line
has multiple, connection, a plurality of sta-
tionary terminals, means for moving said
movable terminals over said stationary ter-
minals, means for selecting and rendering
active any one of said movable terminals,
adapted to-be brought

" one after the other into operative: relation

40

on
<

(%

- portion of { )
47. The combination with a telephone .

with said selecting means, switch mecha-
nism interraittently actuated in the advance
of said movable terminals, a calling device
at the other end of said telephone line
adapted to have its movement controlled by
the intermittent operation of said switching
mechanism, a contact adapted to be set to
operate at a certain stage of the movement
of said calling device and adapted in. op-
erating to effect the operation of said select-
ing means to select a certain one of said

movable terminals, and means actuated in-

the operation of said selecting means adapt-
ed thereafter to neutralize the control of the
calling device by said switching mechanism.

46. In a telephone system, the combina-
tion with switching apparatus, of electro-

magnetically actuated calling apparatus,

means associated with the switching appa-
ratus for supplying actuating impulses to
the calling apparatus during a portion of
its movement, and means associated with
the calling apparatus whereby said actuat-
ing impulses are supplied during another
the mevement. ' :

tronk line and substation lines, of manually
operable switching means by which the
trunk line may be joined to a substation

line, switchiing apparatus associated with the

trunk line and adapted to connect said trunk
Line with other lines, electrically controlled
calling apparatus adapted to be'set to control

.one, position to unite the

ol

S

the operat on oI the switching apparatus, a

contact device associated with said switch-.

ing apparatus and adapted to control the
movement of the calling apparatus, and
means made operative upon  setting said
calling apparatus and completing connection
with the trunk line at the manual switching
means adapted to cause the operation of
said switching apparatus. ]

18. The combination with telephone lines
and a Cconnecting cireuit, of automatic
selecting mechanism for the telephone lines,
calling apparatus adapted to be set to eqn-
trol seléction, switching means adapted |in
calling apparaéus
with the connecting circuit and in another
position to complete said . connecting cjr-
cuit, and means controlléd by the call-
ing apparatus for actuating the switehing
means. :

49. The combination with telephone lines

and a connecting circuit, of automatic sele¢t-.

ing mechanism for the lines, calling appa-
rafus adapted to be set to control selection,
manually operable means for
seloctive mechanism and calling apparatis
into operative relation, means for tempo-
rarily retaining said manual means in its
operated position, and releasing means for
the retaining means, said releasing means
being under the control of:the talling appa-
ratus. ) - -

50. The combination with telephone lines
and a connecting cirenit; of switching appa-
vatns and calling apparatus adapted to
exercise reciprocal control over one another,
means for uniting the connecting circuit
with a telephone line, and a circuit over
which said control may be exercised com-
pleted upon the uniting of the connecting
cireuit and telephone line.

51. In a telephone system, the combina-
tion with switching apparatus provided
with stationary contacts and coGperating
movable contacts, of a calling apparatus
which may be connected with and discon-
nected from said switching apparatus and
during its connection therewith produce
current changes in“the cirenit, electromag-
netic mechanism adapted to start the mov-
able switch contacts upon the connection of
the calling apparatps, to effect the selection

of certain of the movable contacts and to

cnuse said contact or contacts to stop upon
certain of the stationary contacts as a result
of the current changes, and to restore the
movable contacts to their normal position
upon disconnection.

59. The combination with a telephone
line, of electro-mechanical switching appa-

bringing the -
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ratus comprising stationary contacts and a -

plurality of normally inactive movable con-

tucts cobperating theréwith, means ‘depend- -
.ent upon.the degree of displacemoent of the

movable contacts from their normal posi-
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tion for selecting and rendering active cer- calling device to operate said switeline
tain of said contacts, an electrically actu- mechanism to effect the operation of the
ated calling device at one-end of said line, movable contact selecting means of said
means associated with said switching appa- switching apparatus.

ratus and operated in the movement theveof FRANK T McBERTY
for controlling the movement of said.calling e
device, switching mechanism associated with Witnesses:
said calling device, and means made effec- Nrcmoras B. Xeexam,

-tive after a predetermined movement of said Wirnraa G. MeRxtenr,



