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UNITED STATES PATENT OFFICE.

ALBERT M. BULLARD, OF NEW YORK, N. Y., AND LOUIS A. FALK, OF
BOSTON, MASSACHUSETTS, ASSIGNORS TO AMERICAN TELEPHONE
AND TELEGRAPH COMPANY, A CORPORATION OF NEW YORK.

AUTOMATIC TELEPHONE-EXCHANGE SYSTEWM AND APPARATUS.

SPECIFICATION forming part of Letters Patent No. 772,023, dated October 11, 1904,
Application filed January 26, 1904, Serial No, 190,719, (No model,)

To all whom it may concern:

Be it known that we, ALBERT M. BUuLLARD,
residing at New York, in the county of New
York and State of New York, and Lours A.
FaLx, residing at Boston, in the county of Suf-
folk and State of Massachusetts, have invent-
ed certain Improvements in Automatic Tele-
phone-Exchange Systems and Apparatus, of
which the following is a specification.

This invention concerns automatic tele-
phone-exchange systems, and has especial ref-
erence to automatically - operated telephonic
exchanges designed to furnish facilities for the
interconnection of telephonic circuits in rela-
tively small communities, where all of the sub-
scribers may be accommodated by a small
number of substation - lines, the circuits of
some or all of which may be of the party or
poly station class."

The invention is of the same type as that
described by Letters Patent of the United
States No. 709,740, issued to Albert M. Bul-
lard and Malcolm C. Rorty on September 23,
1902, for automatic telephone-exchange sys-
tems and apparatus, and constitutes an im-
provement upon the invention of said patent,
to which reference is hereby made.

The objects of the present invention, gen-
erally stated, are to simplify the apparatus
and at the same time to make it more effect-
ive, to avoid the necessity of employing sub-
station call-generators, to provide for the ef-
ficient employment of a common central-sta-
tion call-generator, to simplify the operation
of transmitting calls from any substation to
the substations of another circuit, to furnish
improved means for preventing the interrup-
tion of orinterference with engaged lines and
for announcing their engaged condition to the
substation of the line seeking to establish con-
nection therewith, and to provide convenient
means for the ready transmission of .revert-
ing call -signals or call -signals transmitted
through the central station from any station
to another station of the same line or circuit.

The said Bullard and Rorty patent, No.
709,740, describes and claims an automatic
exchange system adapted for polystation-lines

J

and employing a central and universal source
of current for selecting, switching, and trans-
mitter current supply, but provided at the
substations with magneto-electric generators
for use in generating and transmitting call-
currents. - In the system of this patent, which
involves provision for switching both condue-
tors of metallic circuits, the selection of a cir-
cuit by any other seeking to establish connec-
tion therewith is accomplished by successive
interruptions or intermissions of the main-
line current acting through appropriate mo-
tor mechanism at the central station, the said
interruptions being produced by the opera-
tion of any suitable periodic circuit-breaker
at the substation making the selection, while
the absolute interconnection of such lines af-
ter one has been selected by the otheris de-
pendent upon the operation of other electro-
magnetic mechanism irresponsive to the se-
lecting-current interruptions, but responsive
to the establishment in the circuit of a steady
current, which occurs when, the circuit-
breaker having ceased to operate, the circuit
is steadily closed through the substation tele-
phone apparatus. The motor apparatus for
selecting and connecting is controlled by a
double-armature relay in the main circuit.
In carrying out the objects of the present
invention, which does not in any sense depart
from the general plan of the invention of said
patent or from the general principles under-
lying the system thereof, the relay which con-
trols the selecting and connecting motor mech-
anism has been transferred from its position
directly in the line to a position on one side
of the source of current in the normal ter-
minal loop of the line, which loop when the
sald line 1s connected for conversation be-
comes the current-supply bridge, a change in
position that results in a great increase in the
efficiency of the relay, for since the said re-
lay so placed is no longer in the talking-cir-
cuit the convolutions of its exciting-coil may
now be increased to any desired extent. On
the other side of the source of current in the
same loop is placed a relay of like impedance
constituting practically an electromagnetic or
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automatic ringing-key and organized to con-
trol the operation of ringing up the desired
substation of a line with which connection has
been established, current for the purpose of
such ringing being provided by a central-sta-
tion generator which may he common to the
system. The coils of these selecting and
ringing relays, one on each side ot the source,
now serve as the impedance devices necessary
to block the passage through the bridge of
voice -currents while permitting the ready
passage of asuflicient steady current, and the
special impedance-coils previously employed
may thus be dispensed with. At the substa-
tion instead of two ringing-keys and a call-
generator there is now provided a single call-
signal key, and the substation manipulation
necessary is thus simplified, as the opera-
tion of selecting and calling another station
of thesame lineis now exactly the same as that
of selecting and calling a station of another
line. The central-station switch apparatus or
motor mechanism of each line has fixed ter-
minalsofsaid line as wellasthose of all others,
and when it is desired to establish communica-
tion between any station of a given line and
any other station of the same line the movable
terminals of such line are stepped round to the
said fixed terminals thereof and brought into
engagement therewith, after which the call is
transmitted to.the wanted station in precisely
thesame mannerasit would be done if the said
wanted station belonged to a different line.
Furthermore, the substation bells, condensers,
and telephones bridged between the main con-
ductors are in the present invention connected
in accordance with the standard practice of
manually-operated exchanges, no permanent
ground connection being required or attached.
Pulsating or intermittent current of single
direction is used for operating the substation
call-bells, and the call-generator may be of
any well - known type adapted to transmit
quickly-succeeding impulses of the same sign,
and in order that the relay serving as the an-
tomatic ringing-key shall not be disturbed by
the passage of the call-current when trans-
mitted over a calling-line to signal another
station thereof the said relay is polarized and

biased or otherwise adjusted to respond to such’

currents only as are opposite in sign to that
of the ringing-current. By this expedient

such portion of the ringing-current as may

pass through the coils of the ringing-magnet
tends, in fact, to hold the armature thereof
more firmly in its normal position. The se-
lecting-relay also is similarly polarized and
arranged to respond solely to currents of defi-
nite direction, and the impedance of the two
relays is substantially the same, so that each
may balance the other. The call - current
reaches the ringing-relay contacts of any line
through a forward contact of the selecting-
relay of the same line, or, in other words,

through a special contact established when the |

772,023

selecting-relay is excited. This is for the pur-
pose of preventing false calls over a line which
has been called and connected, but which is
in process of disconnection. The selecting-
relay controls independent selecting, retain-
ing, and connecting electromagnets, and it is
required that the connecting-magnet shall not
come into action until the selecting-magnet
shall have brought the selector-arm or mov-
able terminals or terminal contacts of a call-
originating line into position where they con-
front the fixed or passive terminals of the
wanted line. To secure such temporary in-
activity, & high-resistance vibratory contact is
inserted in the local eircuit of the connecting-
magnet. This consists of one contact-point
carried by a weighted spring or spring of con-
siderable inertia, agitated by and cosperating
with the quick movements of the armature of
the selecting - magnet, and another carried
upon or associated with the armature-lever of
the selecting-magnet. When the intermittent
current of selection has ceased and has been
succeeded by the steady connecting-current,
the said contact has its resistance materially
lessened, and the connecting-magnet is then
operated by the correspondingly strengthened
current, To keep the connecting - magnet
fally under control, all current to it and to
the selecting-magnet is led through the oper-
ating contacts of the selecting -relay, whose
deénergization therefore deénergizes all mag-
nets controlled by it.

Another feature of improvement concerns
the means for preventing the establishment
of connection by a third line with a line which
is already engaged. 1In the Patent No.
709,740, to which reference has bheen made,
the movable terminals are both normally de-
tached from their own line, and their attach-

ment is controlled by a diseriminatory test-

ing-relay; but in the present invention the
circuit between the subscriber’s line and the
selector-springs or movable or active termi-
nals thercof so far as the test-relay is con-
cerned is normally closed, and the talking-
circuit does not pass through either the cir-
cuit or contacts of the said test-relay at all.
When the movable terminals of a line seeking
connection with another make contact with
any pair of multiple fixed contacts of a de-
sired but already busy line, a test-circuit is
established including the test-relay as at pres-
ent connected and a current is caused to cir-
culate therein. The said test-relay being
thus operated acts to break the operating-
circuit of the selecting, connecting, and re-
taining magnets, which being thus bereft of
their energy are demagnetized, and the se-
lector-arm parting company with the contacts
of the line wanted instantly rises and returns
to the starting-point, and by appropriate
means the calling-substation is advised that
the line wanted is for the present engaged.
The undesired ringing or chattering of sub-
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station bells on a polystation-line, which oth-
erwise tends to occur while one station on
such line is making selection of another sta-
tion either of the same or any other line with
which communication is to be established, is
prevented by introduecing additional inductive
resistance or impedance into the current-sup-
ply bridge on the grounded side of the bat-
tery. 'This is preferably placed between the
ringing-relay and the earth connection and
is arranged to.be cut out or short-circuited
when the said ringing-relay is excited.

In thedrawings which accompany and illus-
trate this specification, Figure 1 is a diagram-
matic representation of the central station
and substation connections and appliances of
two substation telephone-circuits, which may
be polystation-circuits wherein many of the
contact-springs are for clearness of delinea-
tion shown as being separated from the elec-
tromagnets which actuate them or control
their operation. Fig. 2 is another diagram
of the same system, showing in a more literal
manner the several instrumentalities em-
ployed and their arrangement, the several
contacts being more closely associated and
identified with the electromagnets or other
means arranged for their actuation. Figs. 3,
4, and 5 represent different views of the se-
lecting and connecting or switching mechan-
ism ab the central station of a single main cir-
cuit, Figs. 3 and 4 being, respectively, plan
and side views thereof and Fig. 5 a rear
view. Fig. 6 is a detail view showing the
preferred actual arrangement of a group of
commutator-springs associated with the cen-
tral-station motor-mechanism revolving shaft
of each line, and Fig. 7 is a diagram of the
compound talking-circuit formed of two con-
stituent substations.

Although two substation-circuits only are
indicated, it is to be understood that in prac-
tice a number of such circuits will enter the
same central station from substations and
that each is there provided with its own indi-
vidual mechanism, whereby it may by ap-
propriate action taken at any of its own sub-
stations select, connect with, signal, and estab-
lish through telephonic communication with
any other main circuit entering the central
station. »

In the drawings, Z represents the central
station, and L L’ substation-cireunits converg-
ing thereto, each from one or more substa-
tions S. Both circuits are shown as being
polystation-lines, 1. leading by its main con-
ductors 2 3 to the central station from sub-
stations S 8%, and 1 from substations S%, S
and S°. | ‘

R is the controlling or selecting relay; M,
M?, and M, the selecting, retaining, and con-
necting electromagnets controlled thereby;
R?, the ringing or call-transmitting relay, and
R® the test or interference-preventing relay,
each line being equipped at the central station

8

with an independent set of such instrumen-
talities and their subsidiary devices.

B represents the central and common source
furnishing current for switching, busy sig-
nals, and transmitter-supply, and it is to be
understood that though shown at several
different places in the drawings theve is, in
fact, but a single source represented, and an
important feature of the invention is that
although the coérdinate operation of a con-
siderable number of main and auxiliary cir-
cuits is provided for the said circuits may
all receive energy from a common source
without confusion, several new combinations
being thus organized. 1t is, however, mani-
fest that while the invention as a whole in-
cludes the use of a common source of current
it is not in any sense restricted to the employ-
mentof but a single common source, it being
manifest to personsskilled in the art to which
sald invention appertains that one, two, or
more such common sources of current may
be employed, as may under the engineer-
ing conditions of any particular case be
deemed desirable or expedient. Forexample,
two batteries may be employed each to sup-
ply current for one-half of the total number
of main circuits composing the system and
their auxiliary subordinate circuits, in which
case when the compound talking-circuit is
formed of constituent circuits supplied with
currentfrom thesaid twosources,respectively,
its two supply-current bridges will each con-
tain its own battery.

Theselecting and connecting or motor mech-
anism consists, substantially as in the before-
mentioned patent, No. 709,740, of the mag-
nets M, M?* and M? together with the verti-
cal selector-shaft s, carrying the selector-arm
s*and having astar or ratchet-actuating wheel
5* and retracting or counter springs * and s'.
The armature of the selecting-magnet M car-
ries a pawl ', which propels the actuating-
wheel and revolves the shaft. The armature
of the retaining-magnet M* carries a pawl 5%,
which engages and holds the ratchet and shaft
in the position to which it has been advanced,
and the main function of the magnet M? is to
depress the vertical shaft s, and thus bring the
contacts ¢and £, carried by the selector-arm s*
and constituting the movable terminals or
contacts of a line, into engagement with the
fixed terminals or passive members % and w,
(usually of another line,) which by the re-
volving motion of the shaft they have been
macde to confront. When themovable termi-
nals of any line have been thus brought into
engagement with a given set of fixed termi-
nals, they bestride the same, substantially in
the manner shown and described in the said
Bullard and Rorty patent, No. 709,740, to
which reference has been made, and the shatt
s is thus during the pendency of a connection
between two lines prevented from yielding
to the retracting influence of its counter-spring
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" notwithstanding the disengagement of the
retaining-pawl & from the ratchet-wheel
which comes about when the connection is
fully established. Thus the said counter-
spring s* does not become effective to return
the shatt § to its normal position until the ex-
citement of the connecting-magnet M? is dis-
continued and the vertical shaft caused by
the elevating counter-spring « to rise, so that
its contact members ¢ 7 are freed from their
engagement with thesaid fixed terminals » and
v, with which they have been connected.

In Fig. 3 a few only of the paivs of fixed

terminals » » of the several lines are shown,
as at the two endsand middle of the arc-shaped
switch-plate; but it is of course to be under-
stood that the entire peripheral space of said
switch-plate may be filled with such termi-
nals, which extend. outwardly to the dotted
concentric circles respectively. _

A cam @, associated with the vertical shafts,
controls one set of changeable contacts, C, an-
other group, *, being controlled by the oper-

ation of the armature of the stop-pawl or re-

taining-magnet, and a third group, C?, by the
connecting-magnet, either directly, as indi-
cated in Figs. 1 and 4, or, as shown in Fig. 2,
through the medium of the longitudinal move-
ments of the vertical shafts. The general ar-
rangement and operation of this selecting and
connecting mechanism itself is not essentially
different from that of the same mechanism
and its actuating-magnets as disclosed by the
patent of Bullard and Rorty, No. 709,740;
but the arrangement and function of the sev-
eral contacts of the said groups is in several
respects dissimilar, and thevefore may require
more extended description.

The normal terminal loop of the substation-
circuits in the central station leads through
the battery B and extends between the point
z on main conductor 2 and the point 2* on main
conductor 3 by way of conductor 10, the coil
of the ringing-relay R*, impedance-coil », con-
ductor 11, the battery B, conductor 12, and
the coil of the controlling-relay R. This loop
thus contains the controlling and ringing re-
lays in series, one on each side of the battery.
When the main circuit by means either of the
extension-conductors 13 and 15, leading to its
active or movable terminal contacts ¢ £, or the
extension-conductors 14 and 16,similarly lead-
ing to its passive or fixed terminals w », is
united to another such main circuit to consti-
tute a compound talking-circuit between the
substations S and S° or 8% and 8%, as the case
may be, the said loop being permanently con-
nected becomes a bridee 20 of the said tall-
ing-circuit, by means of which current from
source B passes to line through the relay R
on one side and the relay R* on the other for
the supply of the telephone-transmitter at the
substation, the passage of such steady cur-
rent to either constituent circuit from the
bridge of the other being barred by the in-

772,023

clusion in the uniting extension of one of the
condensers IK on one side of the circuit and
one of the condensers % on the other. The
impedance necessary tor each main circuit to
preserve the individuality of sdid circuit, to
protect it from interference with and from
other talking-circuits supplied by the same
source, and also to prevent the voice-currents
developed by the transmitter of its own sub-
stations from being short-circuited through
the battery-bridge 20, is provided by the-coils
of the said relays R R®, which not being in the
tallking-circuit may have their turns inereased
to any desired extent.

At each substation the apparatus is the same,
comprising the rvegular call-bell D, the tele-
phone-receiver T, and transmitter T and the
condenser K, together with the interrupting
device I for selecting and connecting with
other lines, including the set of commutating
spring-contacts O and the set of interrupter-
springs o, the hook-switch H, the induction-
coil J, and the calling-key N.  The switch H
in a usual manner controls the conductive con-
tinuity of the substation-bridge between the
points  d* on the mains 2 and 3, respectively,
maintaining the same open or closed for steady
currents, according as the receiver T hangs
thereon or is removed. In the former case
the bridge is completed through the condenser
K? and while permitting ringing-currents to
pass for the operation of the bell D is imper-
vious to the steady current of the source B;
but in the latter case -conductive continuity
is established. When the receiver hangs upon
the hook, the substation-bridge is established
between the said points & and @ through
bell D, conductor 21, condenser K?, conduc-
tor 22, key-resting contacts 23, commutator-
springs contact 24, and conductor 25; but
when the receiver is taken from the hoolk and
the switch H thereby operated the condenser
is short-circuited and the bridge is made con-
ductively continuous, the circuit between d
and the key-contacts 23 being formed through
the telephone branch 26, the induction-coil
winding /4, the switch-point 7, the switch-bar,
and the transmitter T®. The receiver T in a
manner well understood may be connected in
series with the other induction-coil winding
/* in the branch 27, extending from a point
between the bell-magnet and the condenser to
the other switch-point, 5%

The set of springs O has two normally
closed contacts 24 and 29, the former being
included in the bridge between the mains and
the latter in the signaling earth connection
28. It also has a normally separated contact
30 in a separate ground connection 31, which
connection is arranged to be transiently es-
tablished for main conductor 8 during the op-
eration of the selective interrupter E and
adapted to be periodically and rhythmically
made and broken in the set of springs o by
the operation of the said interrupter. This
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ground connection 31 contains a resistance
device » to balance the resistance of the ring-
ing-relay R*and line-conductor 2 and to com-
pensate for their absence from the circuit
when during the selection the said conductor
2 is disconnected, and the main conductor 3
is alone connected and forms the line porsion
of a grounded circuit between the substation
earth connection G and the central-station
earth connection G, attached to one end or
terminal of the source of current B.

The interrupting device I, considered as a
whole, may be of any preferred torm adapted
for producing periodic and rapidly-successive
makes and breaks of the circuit, a convenient
type of appliance being that shown and de-

scribed in the Bullard and Rorty patent, No.-

709,740, hereinbetore referred to.” The same
is conventionally represented herein by the
star-wheel 20 and the rotary arm 2°, attached
thereto, the latter shown as being normally
held by a spring firmly against the contact
member 34 of the set of springs O. Thesaid

star-wheel is adapted to successively establish .

and disestablish contact between the members
32 and 33 of the interrupter-springs o. In
the operation of any such device the number
of successive interruptions is proportionate
to the distance to which the arm «° is turned
on its axis, to be retracted when released by
any suitable counter-spring or spring-motor,
the said distance being in practice determined
for each call, in the manner described by said
patent, by a detachable limit-pin which can
be placed in any one of a number of holes on
the external face of the mechanism, an exter-
nal arm on the interrupter-shaft being re-
volved until it is stopped by said pin and be-
ing then released.

The commutator and interrupter springs O
and o are arranged to have the condition or
relation of their contacts altered when the in-
terrupter is operated. When the arm 2" is
turned to select and connect with the line of
another substation, its normal pressure upon
the spring contact member 84 of the set O is
relaxed, and the said member being thus per-
mitted to yield to the influence of its own
spring is brought sharply into position to dis-
establish contacts 24 and 29 and to establish
contact 30. This new condition is maintained
until the arm 7" in its return motion again
reaches and presses upon the contact member
34, and in such return motion the circuit of
conductor 31 is alternately opened and closed
by the successive unions and separations of
the contact members 32 and 33 of the inter-

rupter-springs o to produce the successive

impulses of current in the main circuit which
are requisite for the operation of the central-
station selecting mechanism.

The sole calling or signaling key N has two
contact members normally engaging oné an-
other at 23 and a third contact member e,
preferably furnished with a manipulating-

S

button and connected by conductor 28 to
ground through one separable contact 29 of
the set of springs O, and when operated the
said normally engaged members arc separated
and the third member u. establishes contact
with that one of them which is united to main
conductor 3.  'With each pressure of the key,
therefore,the substation-hridge ¢ d*is opened,
and the main conductor 3 is united to the earth
at G.

The main conductors 2 and 3 of each sub-
station-line have movable or active central-

station terminal members¢ # and are also-

provided with multiple fixed or passive switch
terminals contact-pieces « v, one of cach for
every other substation-circuit of the exchange,
and with one pair of special fixed contact-ter-
minals or contact members® 2%, termed *‘re-
verting-terminals,” which are adapted to be
engaged by the active terminals of their own
circuit when the station with which communi-
cation is desired belongs to the same substa-
tion-circuit as does that which is establishing
the connection.

P is the central-station call-generator and
in transmitting call-currents to a substation is
controlled by the key N of the call-originating
substation through the mediation of the ring-
ing-relay R? of the calling-line. Itisapower-
actuated constantly-running generator, adapt-
ed to develop a pulsatory or intermittent uni-
directional current, and may conveniently be
an alternating - current genervator having a
commutator adapted to collect and deliver to
the external circuit the several current im-
pulses of like sign generated by the armature
during one half period of its successive revo-
Iutions and to suppress the interposed im-
pulses of opposite sign developed during the
other half of the said revolutions. Thering-
ing-current of this generator passes to the
substation wanted—say S*—always over con-
ductor 2 of the appropriate substation-circuit,
thesame being reached by conductor g through
a forward contact 6 of armature s of the con-
trolling-relay and a back contact 7 of arma-
ture ¢ of the ringing-relay R%

P? is an electrotome or rhythmical circuit-
breaker in alocal circuit 35 of the battery and
is associated with the connecting devices of
the several lines through an induction-coil 1
to furnish to a calling-line for the information
of a calling-substation and in a manner pres-
ently to be explained a tone-signal to be heard
in the station-receiver whenever the line de-
sired 1s found to be already engaged.

The controlling, ringing, and test relays
R, R and R® are in Fig. 1 shown as being
each provided with two armatures. The ar-
mature @ of relay R has forward and back or
working and resting contacts 4 and 5, while
armature J has a forward or working contact
6 only. Armature ¢, in conjunction with its

resting contact 4, controls a shunt-circuit 36,
including a suitable resistance +% round its
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own electromagnet, and in conjunction with
its front contact 5 controls the local cirenit I,
which contains the magenets M, M* and M°.
This cirenit leads from the battery B through
conductors 12 and 37, the armature «, its con-
tact 5, and conductor 38 to point 18, where it
bifurcates, one branch, 53, leading to earth
through the magnets M and M? in series, and
the othel, 54, Llnono 1 the connecting-magnet
M? and the Vlbl atory resistance A. This vi-
bratory resistance consists of cooperative con-
tact-points carried one upon a portion of the
armature-lever of the selecting-magnet M and
the other by a weighted spring ¢.  These are
normally sepamted and during the operation
of the selecting -magnet in its ston by -step
motion of the actuating -pawl ¢, though a
brief contact is CSt:lthh(‘(] at each attmctlon
of the armature, this is instantly succeeded
by a separation, the point carried by the
weighted spring bcmo so sharply struck tlmt
it moves farther than the armature-point ca
follow. These rapidly-recurring contacts ‘md
separations have the effect of a hloh resistance
ahd prevent the premature operation of the
connecting-magnet M? since during selection
the circuit of said magnet has no alternative
path; but when after selecting the selecting-
magnet remains excited, with its armature
steadily attracted, the two contact - points
come firmly together, and the resistance of
the connecting-magnet hranch of the local cir-
cuit F is so 1<>duced that the sald magnet is
enabled to operate and to depress the .sdu,lox -
shaft. This magnetalso operates the contact-
springs C’, opening the selectmg and retain-
ing mag neL branch of eirenit I by separating
their mcmbels 39 and 40 and closing a short
circuit 42 round the vibratory resistance A
rby uniting the contact H‘lembmﬂ 40 and .41.
l‘he second armature / of relay R and its for-
rard contact 6 are, as already pointed out in
Lhe call-current circuit- conductol ¢, between
the generator P and the ringing-relay. The
ringing-circuit is led through tlns extra con-
tact to prevent the brief transmission of a
ringing-current over a line which has been
duly called and connected, but which has fin-
ished its communication and has begun to dis-
connect.  When two lines are umtul the con-
trolling and ringing relays are both excited
and the local circuit F -of the calling-line is
closed through the connecting-magnct M? to
maintain the ¢ connection. Smce the call-cur-
rent passes through the resting contact of the
ringing-relay R’ its circuitis ohviously broken
while the said 1el‘w is excited; but in discon-
nection the retraction of the 1olcw—<u mature
is quicker than the releasc of the connecting-
magnet and the consequent disconnection, and
the ringing - circuit was therefore liable to
come into operation and transmit an unde-
sired ring before disconnection could be ef-
fected; l)ut the controlling-relay is as prompt
in its recovery as the ringing-relay, and by

|
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passing the ringing-current lead ¢ through a
forward contact thereof on its way to the
ringing -relay contact 7 it is inter rupted at
the former as soon as or before it can be closed
at the latter, and false call-signals are thus
prevented. The ‘umatmo, ¢ of the ringing-
relay R* has forward and back contact-stops.
When in engagement with the back pomt 7,
connection is estwbhshcd, as previously in-
dicated, between the ringing-lead ¢ and the
movable switch-terminal ¢ of the line to which
the said ringing-relay belongs, and thus be-
tween the call-generator P and any line with
whose fixed terminals « the said movable
terminal may be connected. When, on the
other hand, contact occurs between said ar-

‘mature and its forward stop 9, the call-gen-

erator is disconnected and connection is estab-
lished between the movable terminal e and its
own main conductor 2 through the condenser
K. When selection is being made by the op-
eration of the interrupter at any substation,
the discharges from the controlling-relay R
pass over the line through the bell-bridges at
other substations of the same circuit and over
the main conductor 2 to earth G* at the
grounded side of the battery. This tends to
ring or produce a chattering in the bells of
said bridges; but we havefound that by plac-
ing the impedance-coil or inductive resistance
p in series with the magnet of relay R*in con-
ductor 11 the dlsturbmo discharges are much
reduced and the undeqlmble operation of the
station-bells prevented. It is, however, de-
sirable to short-circuit the said impedance
when the connection between two lines is ef-
fected, and this is accomplished by the second
armature of the sdaid relay R* when attracted
into contact with its front stop 19.

In Fig. 2 the relays R and R?instead of be-
ing provided with two armatures, as shown
in Tig. 1, are indicated as having a single
centr wlly pivoted armature contxolhn@ all of
theseveral contacts which have been deSCI ibed
and which are identified by similar letters of
reference, the difference being thus in form
only.

The test or interference-preventing rehv
has two independent e\(:ltmo windings #* and
2. The first of these, +%, is in a test-circuit ¢
of the source B, which is closed and thr ough
which current can flow only when the active
test-terminal # of a call-originating line is
brought by its connecting-magnet M*into con-
tact with a passive terminal » of a wanted line
which is already engaged. When any line is
thus busy, its passive terminals are all united
to the ungrounded pole of the battery B, so
that when the seeking-terminal 7 of ‘Lnother
line touches any one ot them the test-circuit
¢ is closed and the test-relay of the calling-
llne bocomes active and attracts its arm%tures
» n'. Three functions are then exercised.
The local circuit I passes through the resting

contact 8 of armature »*, and therefore when
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this armature moves forward such contact is
dissolved, the said local eireuitis broken, and
the connecting - magnet M? becoming deén-
ergized allows the shaft s to rise, and the for-
mation of an interfering connection is pre-
vented. The disconnected conductor 38 of
sald cireuit ¥ is transferred to a new connec-
tion through the said armature #° and the
winding #* to earth, through which current
flows to maintain the excited condition of the
test-relay and to hold its armatures in their
working position after the initially-exciting
circuit ¢ through the lower coil shall have
been broken by the release of the vertical rod
of the calling-line, and, finally, the contact
formed by armature # with its front stop at
43 establishes a circuit « to the main line con-
ductor 3 through the condenser % for the busy
tone test signal produced by the circuit-
breaker P?, which signal may then be heard
in the substation-receiver.

It will be observed that transmission of the
call-signal to any substation is always through
the movable terminal ¢ of the call-originating
line and over the main conductor 2 of the cir-
cuit of said substation, also that the busy-test
and busy-signal appliances depend for their
operation upon current passing from a fixed
terminal of a busy line to the active terminal

S of a call-originating line and that the busy

sound signal current passes to the distant re-
ceiver.
times convenient to speak of the movable ter-
minal ¢ and main cond actor 2 as the ““ringing-
terminal” and the *‘ringing- conductor” and
of the movable terminal # and main conductor
3 as the ‘‘test-terminal” and the ** test-con-
ductor.”

‘The operation of the system will now be de-
scribed, and any further explanation of the
apparatus and circuits which may seem neces-
sary will be included in such deseription. In
seeking to establish communication between
any two substations—for instance, S and S*—
the receiver Tisfirst removed from the switch-
hook H. This action completes the metallic
substation-circuit through the normal central-
station terminal loop, which includes the
source B and the selecting and ringing relays
R R? which cireuit may be traced from the
switeh-hook contact-stop 7, through winding 4
of induction-coil J, conductor 26, point d,
line conductor 2, point z, conductor 10, relay
R?, impedance-coil p, conductor 11, battery B,
conductor 12, relay R, main line conductor 3,
point &%, conductor 25, contacts 24 and 23,
and transmitter T% to the lever of switch .
Incidentally theselecting-magnet is energized,
butdoes not exercise any useful function at the
present time, its movement at this stage of the
operation being merely aninconsequent one in-
separable from the closure of the line-circuit.
The purpose of the preliminary lifting of the
receiver is to insure the formation and main-
tenance of a metallic line-circuit at the end of

For these reasons we find it some--

7.

the selecting .operation. The interrupter E
is next operated, the rotary arm «° being
turned to the right and to the distance re-
quired, thus relaxing its pressure on the com-
mutator-springs O and being then released.
In its return to its resting position it operates
the interrupting-springs ¢ intermittently, pro-
ducing makes and breaks of the circuit. As
soon as the pressure on contact-lever 34 isre-
laxed contacts 24 and 29 of the commutator-
springs O are dissolved, opening the metallic
line-circuit at 24 and the earth connection of
the ringing-key at 29, and contact 30 is es-
tablished, connecting the interrupting device
E in a grounded circuit formed tor selection
between the snbstation-ground G and the cen-
tral - station battery - ground G*, the said
grounded circuit mcludmO“ the interrupter-
springs contact, the selectmor relay R, and
the resistance . The substation-br 1dO“e be-
ing opened at contact 24, line conduct-or 2and
the ringing-relay R” are not in this selecting-
circuit; but the inclusion of the resistance »
keeps the current at substantially the same
strength as though they were still present.
The purpose of opening the key-circuit at
contact 29 is to prevent an impatient sub-
seriber from disturbing the operations by at-
tempting to use the key and to send a cwll be-
fore the return of the interrupter-arm 20 to
zero. The periodic pulsations of current pro-
duced in the grounded selecting-circuit by
the operation of the interrupter E in making
and breaking said circuif in the springs o ac-
tuate the selectmO" relay R and its armature
responds to said pulsatlons, being attracted
on each closure and retracted on each inter-
ruption, the number of both being deter-
mined by the operation of the interrupter E.
Relay R controls three contacts. Normally
its armaturese and & are retracted, armature
@ by contact with back stop 4 maintaining
the normal shunt 17 round the winding ot its
own relay, extending between points 67 and
68 of the 1’elay-bridge 20 and including a re-
sistance »*; but when the said relay is ener-
cized its armatures ¢ and b are attracted to
thelr front stops 5 and 6, the former break-
ing the shunt 17 and closmo the local circuit
F of the magnets M, M?, and M and the lat-
ter estabhshlno" the connectlon g between the
call-generator P and contacts 7 of the ring-
ing- 1elav The retaining-pawl magnet M” is,
asinthe before- mentloned patent, D No. 709,740,
of Bullard and Rorty, arranged or ‘ld]uSted to

be sluggish in responding by the retraction

of its armature to the momentary cessations
of current occurring on the opening of cir-
cuit F by relay R, and its armature once at-
tracted is therefore not retracted on the open-
ing of the circunit I until said circuit shall have
been open for a considerable period of time.
A number of ways for securing said sluggish-
ness are knownto those skilled in the art, and
one of these, the shunting of the magnet by
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8

a resistance 7 about equal to its own, is
shown. The pawl & of this magnet having
therefore engaged the star or ratchet wheel &*
with the first pulsation of current during the
process of selection remains engaged until the
circuit ¥ or that branch thereof which in-
cludes magnet M* is finally broken for an ap-
preciable period of time, so that the ratchet-
wheel and shatft s daring its time of revolution
does not fall back during the intermissions
and so, also, that the two sets of springs C and
C?, actuated by the cam Q and the magnet M2,
respectively, shall be enabled to retain their
working position until their respective actu-
ating devices resume their positions of rest.
The selecting-magnet M, responding to the
operation of relay R, revolves the shaft ¢ in
a rapid succession of steps by means of the
pawl s* and ratchet-wheel s* until the selector-
springs or movable terminals ¢ and £ arrive
at a point immediately confronting the fixed
or passive terminals « and » of the desired
line, each step in such revolution being main-
tained by the pawl §*, which engages with said
ratchet when the relay-armature ¢ is attracted
for the first time and which, as stated, con-
tinues such engagement until the circuit
through the magnet M? is again permanently
opened. As soon as the vertical shaft ¢ ad-
vances from its zevo position the condition
of the group of contact-springs (! is changed
by the cam QQ, which is secured to and revolves
with said shaft. The actual arrangement in
practice of this cam and its relation to the sev-
eral contact-springs is indicated in Figs. 3 and
6, which show the cam Q in the form ot a col-
lar or disk mounted insulatively upon shatt
s and having a zero-notch Q7 wherein the
bend of the master-spring 52 normally rests.
When the mechanismis quiescent, the springs
or points 47 and 48 are in contact with one
another, as also are springs 45 and 46, these
contacts maintaining connection between the
line conductors and their passive terminal con-
tacts » and «, respectively. On the movement
of the cam Q the principal spring 52 passes out
of the notch Q* and rides on the periphery of
said cam, thus dissolving the said normal con-
tacts and forming a new one between springs
47and 49, whereby the fixed or passive contacts
of the calling-circuit are temporarily severed
and whereby the fixed contacts of the » series
are connected through conductor 50, resist-
ance »°, and the secondary winding 4° of the
tone or sound busy-signal induction-coil 1 to
The insulated me-
tallic collar 51, forming the actuating-cam Q,
and the spring 52, constantly bearing thereon,
as shown in Figs. 3 and 6 and indicated in
Tig. 2, are directly in the cireuit of conductor
13.  They jointly constitute a means of estah-
lishing continuity between the active termi-
nal ¢, carried by the selector-arm %, and the
main circnit-conductor 2. The changed con-
dition of the springs C continues until the
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shaft s returns to its zero or resting position.
The set of contact-springs C* has its condition
changed when the retaining-pawl magnet M?
is excited, and the change persists until such
excitement ceases and until the armature of
said magnetis again retracted. This set com-
prises contact springs or members 57, 58, 59,
60, and 61. In the resting condition of these
57 and 58 are in contact and are in the circuit of
conductor 18, which unites the movable con-
tact-terminal ¢ to the line conductor 2 through
the ringing-armature of the relay R?, and 59
and 60 are also in contact, establishing a simi-
lar connection between the movable contact-
terminal #and the line conductor 8. On the
operation of the retaining-pawl magnet M?
these contacts are dissolved and a new one is
formed between the members 60 and 61, es-
tablishing the test-circuit connection tempo-

70
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rarily between the said movable terminal 7 83

through conductor ¢ and winding +* of the
test-relay R’ These springs resume their
normal condition whenever the connecting-
magnet comes into operation, and, as will
presently be described, the circuit branch of
magnet M’ is broken and the magnet is de-
energized; but on account of the sluggishness
of the latter the said contacts are not restored
until after the operation of the connecting-
magnet there has been sufficient time for the
operation of the test-relay should the line se-
lected be found busy. When the active termi-
nals ¢ 7 of the selecting-line have been made,
as has been described, to confront the passive
terminals « v of the selected line, the control-
ling -relay maintains its excitement and the
connecting-magnet M*, which during selection
has been kept inert by the vibratory resistance
A, is excited and depresses the selector-shatt
s, causing the said active terminals of line L
to engage the passive terminals of line I and
to establish the desired connection. The set
of contact-springs C°, controlled by the said
magnet M’ and shown in Figs. 1 and 4 as
being acted upon directly by the armature
thereof, but in Fig. 2 as being placed under
the shaft s to be operated upon by its descent,
has now changed its condition. It comprises
a normally closed contact 89, through which
conductor 53 of the selecting-magnet branch
continues to earth, and a normally open con-
tact 40, which when closed short-circuits the
vibratory resistance. Thus the operation of
the connecting-magnet M*not only establishes
connection between the two lines, but also ef-
fects the necessary change of the springs C?*
in such manner that contact is made between
the members 40 and 41, short-circuiting the
vibratory resistance A, thus reducing the re-
sistance of its own circuit, while the presx-
istent contact between members 39 and 40 is
dissolved, producing the desnergization of
magnets M and M® which have completed the
performance of their several functions. The
substation-circuits are now united by the cen-
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tral-station mechanism, and the required sub-
station S*must now be signaled. This is done
by applying pressure to the call-key N at sub-
station S, which act grounds the line conduc-
tor 3 by bringing the key-points m m” into
contact and opens the metallic line-circuit by
dissolving the normal contact between the
members 7 and m®. If there is but a single
substation upon the line which has been se-
lected, a single pressure of the key will suf-

fice; but if there are several such stations the

key will be pressed several times to corre-
spond with a predetermined code. The effect
of the opening of the metallic circuit and the
grounding of conductor 8 is that the control-
ling-relay R remains excited and retains its
contacts in their working position, while the
ringing-relay or electromagnetic ringing-key
R* loses its excitement and suffers the con-
tacts it controls to resume their normal state.
The circuit of the call-generator P to the
wanted line, which leads through a resting
contact of the ringing-relay R” and a working
contact of the controlling-relay R, is there-
by established and may be traced as follows:
from said generator P, grounded at G
through the lamp resistance ¢, conductor ¢,
armature and fixed contacts 0 and 6 of relay
R, armature-contacts 7 and ¢ of relay R, con-
ductor 13, contact between members 57 and
58 of the springs C*, the active terminal ¢ of
the calling-line, and a passive terminal v of
the wanted line. The pulsatory or intermit-
tent call-current passes over main conductor
2 of the said wanted line through the bridged
condensers K* and bells D of the stations
thereof, the said bells accordingly being rung,
and returns by way of main conductor of said
line, point #°, through the shunt 36, round
relay R of said line, including resistance +°,
relay-points ¢ and 4, and conductor 37, and
in part through said relay itself, conductor
12, and to ground G* through the battery.
The armature of the calling-line ringing-re-
lay R? tollows closely the manipulation of the
substation-key N, falling back with pressure
of said key, so that code-ringing is readily
accomplished. The conductor 10, including
the ringing-relay R? of the wanted line 17,

which extends from the point £ of main con-

ductor 2 to conductor 11 and ground G*, forms,
of course, an alternative path through which
a portion of the ringing-current might be
shunted; but during signaling the reactance
of this path is so greatly increased by the elec-
tromagnetic resistance or inductance-coil p in-
serted therein that there is no appreciable loss
of current. Thebells at other stations S°, &c.,

-of the call-originating line L are during the

foregoing operation prevented from ringing
by the complete severance of main conductor
9 of said line from its active terminal ¢, such
severance being due to the disexcitement of
relay R* and the consequent retracted position
of its armature ¢. 'When the called substa-

O

tion S responds by taking his receiver from
the hook-switch, the two relays R R* of line
1.2 are in turn operated, the controlling-relay
R acting to break its own shunt-circuit 36 and
the ringing-relay R* to short-circuit the in-
ductance-coil ». The two constituent lines
are now fully connected for conversation and
furnished with current for their substation-
transmitters over a well-balanced supply and
talking circuit, as generally indicated by the
diagram Fig. 7. This through-circuit may be
traced in detail through winding % of trans-
mitter induction-coil J at station S, point d,
main conductor 2, point z, condenser I, points
9 and ¢ of relay R, conductor 13, including
contacts 57 and 58 of springs (7, the contacts
51 52 of commutator C, movable or active ter-
minal ¢, a fixed or passive contact u of line
17, conductor 14, contacts 46 45 of springs C,
point 2, and main conductor 2 of said line L
the connections of substation S* comprising
point d, induction-coil J and the receiver T,
assciated therewith, switch H, key N, com-
mutator O, conductor 25, and point ¢°, main
conductor 8, condenser %, springs C and fixed
terminal » of line 17 the active terminal f,
conductor 15, contacts 59 and 60 of springs
(2, and main conductor 3 of line L, point *
at substation S, and there by conductor 25,
commutator O, and key N back to the tele-
phones and induction-coil. The original cen-
tral-station terminal loops of the two compo-
nent circuits become bridges 20 of the com-
pound talking-circuit, each extending from
point z on conductor 2 to point £* on conduc-
tor 8 of its own main circuit. Kach of these
bridgesincludes the sourceof current Band the
controlling and ringing relays R and R*of its
own line, the said relays being placed on the two
sides of the battery, respectively. Currentis
independently supplied to the transmitter of
each line through the coils of its own relays.
Thus placed the relays are directly in the sup-
ply-circuit, but are out of the talking-circuit.
They continue excited to maintain the estab-
lishment of the through-circunit aslong as isde-
sired. It is necessary to have a considerable
impedance on each side or the battery, both
to individualize the line in drawing its supply
from a source common also to other linesand to
prevent the short-circuiting of voice-currents
through the bridge 20, and another advantage
of this location of the relays is that the mag-
net-coils are thereby enabled to economically
serve as the requisite impedance appliances,
such additional turns as may thus be made
necessary acting incidentally to increase the
efficiency of the appliances in exercising their
functions as relays. The condensers I and
%, included in the two sides, respectively, of
the talking-circuit, act to prevent the steady
current supplied to each line from passing to
the other, thus insuring an independent and
substantially equal supply of transmitter-cur-
rent to each regardless of their respective re-
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sistances. When after the establishment of a
through talking-circuit, as desceribed, and on
the conclusion of a conversation disconnec-
tion is desired, it is only necessary for the
substation-receivers to be replaced upon their
respective switch-hooks, This action opens
the metallic cirenit and permits the dednergi-
zation of the relays R and R* and the conse-
quent resumption of the normal or quiescent
condition of both lines.

The operations whereby engaged lines are
protected from intrusion or interruption and
whereby a person desiring to connect his cir-
cuib with an engaged line may receive infor-
mation of such engagement are now to be de-
scribed.  The test-relay R* and the tone-test-
signal producer P* are mainly concerned in
these operations. In calling a “husy ” line
the operation is exactly the same as has been
described up to the moment when the active
terminals ¢ and # ot the secking-line have de-
scended upon the passive or fixed terminals
of the line wanted, and for the further steps
of the operation we may assume a third line
carrying outthe functionsot the calling-line L.
When a call-originating line has become en-
gaged, its shaft s has of course heen revolved
and thespringsof group Chave been operated
by the cam Q. Spring 47 has thus been sepa-
rated from spring 48 and has made contact
with spring 49. The passive terminals of the
testing or V series are thereby connected with
the ungrounded pole of the battery B through
thesecondary 2° of the busy-tone-signal appa-
ratus induction-coil I, the resistance-coil 77,
conductor 50, contacts 49 and 47,and conductor
16, and the potential of the hattery is imparted
to the passive contacts » of line L. As soon
as the new calling-line has so far carried out
its process of selection as to bring its active
terminal / into contact with the said passive
terminal » a temporary test-cireuit through
winding #* of its own test-relay is closed and
the potential upon said terminal » develops
into a current which exciting the said test-
relay brings the same into operation in the
manner previously described to prevent the
connection with the busy line from being com-
pleted and to establish and continue the trans-
mission of the busy-tone signal to the ¢ Hing-
substation. Tt is, however, within the power
of the attendant at the said substation to un-
lock or deénergize the test-relay, and therehy
discontinue the connection with the test-sig-
nal apparatus whenever he may so desire.
This he can do either by replacing his re-
ceiver upon the hook or hy making a fresh
selection. In either case hig controlling-relay
R suffers its armature ¢ to be retracted 80
that the local circuit F ig opened, and the test-
relay R’, being thus deprived of current, re-
leases its armatures, disconnecting the test-
signal apparatus, and the line now restored to
i‘csl 1normal condition is ready to make another
call.

772,023

Abusy line may be a ““ call-originating ” line
or a ‘‘called” line—that is, a line with which
connection is desired and which proves to be
already engaged may be either a line which
is selecting or which has selected and con-
neeted itselt with another or one which has
thus been selected and connected. The oper-
ation of determining and reporting the busy
condition in the case of the latter does not ma-
terially difter from that of the former, which
has been described; but the electrical poten-
tial of the test series » of fixed or passive
switch - contacts is differently acquired. A
busy called line is protected from intrusion
from the moment it is secured by a line de-
siring communication with it. The active
terminal member # on the testing side of the
latter is directly in connection with the source
of current through conductors 15 and 13, the
winding of relay R, and conductor 12, and
therefore all of the fixed or passive contacts
» of the wanted line being permanently united
to one another by the conductors 14 are
brought into similar connection with the said
source as soon as the active contact member
of the calling-line makes contact with any one
of them, the testing potential being thus es-
tablished upon them all until the calling-sub-
station disconnects.

It occasionally happens that a called sub-
seriber through ignorance or wilfulness re-
fuses to answer or recognize a call transmit-
ted to his station and proceeds instead to se-
lect another line.  In these circumstances the
ignored calling-substation must be advised of
the fact by the busy signal; but in such case
the test-relay R* ot the latter has not been
and cannot now be brought into action to con-
nect the said busy-signal apparatus with his
main circuit, and the said signal must pass by
way of the branch circuit 50, which is em-
ployed to connect the passive contact mem-
bers » of a calling-line with the ungrounded
pole of the battery. It is to provide for this
contingency that we connect the said branches
50 to a point of the battery-conductor outside
of the induction-coil I. When the called sub-
scriber who refusing to acknowledge his call
proceeds on his own part to select another, his
C-springs 47 and 49 connect .the secondary
winding of induction-coil I to the fixed contacts
»of hisown line; hutthe active or movable ter-
minal 7 of the ignored subsecriber also at that
moment is resting on one of these contacts »,
and the busy signal thus passes to the origi-
nal but ignored calling-line through branch
50 and contact-points 49 and 47 of the called
line and movable contact # and conductor 15
of the calling-line to main conductor 3 there-
of, and thus to the substation. The resist-
ance-coil »° comes into use in this connection.
The secondary winding 74* of induction-coil I
in the conditions stated is temporarily con-
nected in parallel with the winding of select-
“ing-relay R of the said ignored-subseriber’s

d
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line and being in practice of very low resist-
ance is liable to short-circuit the said relay
and disarrange the motor mechanism con-
trolled thereby; but by inserting a sufficiently
high resistance-coil #° in the individual branch
50, leading to the C-springs 49 and 47 of each
line, any such difficulty is forestalled.

In calling another substation on the same
line the selecting operation must be performed
exactly in the same manner as if the wanted
station were on another line. This is neces-
sary, first, because the ‘‘busy-signal” and
intrusion-preventing devices must be set and,
second, because the call-currents are devel-
oped by a common central-station generator
which must be brought under the control of
the substation signaling-key N. Calls thus
made in pursuance of such selection are
termed ‘‘ reverting” calls. A person at any
given substation of a line desiring to trans-
mit such a reverting call and to talk with an-
other substation of the same line operates
his interrupting device or commutator, set-
ting the same to select the line to which both
of the said stations belong, and as soon as the
rotary arm of the commutator returns to zero
he manipulates the call-key N in accordance
with the code-number signal of the station
wanted. '

The central-station apparatus operates as
follows: The selector-arm ¢ advances and is
depressed by the connecting-magnet M? upon
the fixed terminals of its own line, which are
in their appropriate place in the associated
group of the fixed terminals of the several
lines of the system. This particular pair of
fixed terminals is connected in a manner
slightly different from that of the other fixed
terminals of the same line which are associated
with the selectors of other lines. They are
termed the ‘‘ revertive fixed terminals,” being
employed in reverting calls only and are use-
ful solely for the operation of ringing or send-
ing the call to the desired station, being of
course quite non-essential to the establishment
of the talking-circuit. Hach selector has one
such pair «* +® of revertive fixed terminals,
and. as shown in Fig. 1, these terminals are
for each main conductor placed not beyond
the separable contacts C of said conductor,
but on the line side of said contacts, so that
the separation of the contacts which severs
the remaining fixed contacts © and » of the
group from theline conductors they represent
does not so sever the corresponding revertive
terminals. In Fig.’2 but one of the said re-
vertive terminals 2 is shown as being thus
connected with its line conductor; but this is
simply toavoida complicated crossing of lines,
and it will be understood that though it is not
necessary to so connect +” also, since the out-
going call-currents pass by way of +* only, we
prefer in practice to connect both «* and +*
with their respective main conductors, as
shown in Fig. 1. Tt will be seen that when
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the selector-springs or active terminals¢and f
descend upon and make contact with the re-
vertive terminals 2 and ¢ the call-generator
P is brought into such relations with the line
which has both originated and is about to re-
ceive the call and only awaits the operation of
the key N at the calling-station. When the
said key is operated, the armature ¢ of the
ringing-relay R’ falls back, and the pulsatory
ringing-current from the generator P,ground-
ed at G passes out over conductor 2 of the
same line through the usual lamp-resistance
7, conductor g, contacts b and 6 of control-
ling-relay R, contacts 7 and ¢ of the ringing-
relay R? conductor 13, contacts 57 and 58 of
springs C?, operated by the retaining - pawl
magnet, active terminal ¢, passive terminal
2 of the same line, and conductor 14, which
connects directly with the said line conduc-
tor 2. The ringing-current thus reaches the
several substations and finding circuit at all
of them (except at that which is making the
call) through the respective bells D and con-
densers K* to the other main conductor 3
rings the said bells, and thus makes the re-
quired call. The main part of the ringing-
current reaching conductor 3 finds its return
through the earth connection G at the call-key
N of the calling-station, although a negligible
portion thereof finds return over conductor
3 and to the central station ground through
the controlling-relay R, while still another
portion leaks from the main conductor 2 at
point z and through the magnet-coils of the
ringing-relay R* to ground at G* on its way
out, but the relay R’ being, as before stated,
hiased or oppositely polarized does not re-
spond to said ringing-current passing there-
through. When the desired substation on the
same line has thus been signaled, conversation
may-be carried on without interruption as
long as desired, the testing and lockout po-
tential having been imparted to the fixed ter-
minals » of said line to prevent the intrusion
of other lines during the pendency of the con-
versation in the manner already described by
the revolution of the vertical shafts in the act
of selection.

Having now fully described our invention
and its mode of operation, we claim—

1. In an automatic telephone-exchange, the
combination of a metallic main or line circuit
extending between a substation and a central
station, and having at the latter a pair of
movable or active terminals, a source of cur-
rent connected in the said cirenit for switch-
ing and conversations, an electromagnetic
actuating mechanism for said movable termi-
nals, a controlling-relay for said actuating
mechanism and a ringing-relay or electro-
magnetic ringing-key connected on the two
sides respectively of said source of current in
said circuit, all at the said central station;
with the suspension telephone-switch, a sig-
naling-key, and an intermittent interrupting
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device, all associated with the said main cir-
cuit at said substation; the said switch being
adapted to close the metallic circuit and en.
ergize both relays; the said interrupter be-
ing adapted to open said metallic cireuit to
deénergize the ringing-relay, and to establish
and intermittingly interrupt a grounded cir-
cuit composed of one side of said metallic cir-
cuit and including said source of currentand
controlling-relay; and the said signaling-key
being adapted when depressed to steadily
close the said grounded circuit to maintain the
excitement of said controlling-relay, and to
open said metallic circuit and detnergize said
ringing-relay.

2. Inanautomatic telephone-exchange, me-
tallic-cireuit telephone-lines converging from
substations to a central station; and an outfit
at each substation comprising a telephone, a
suspension-switch, a cireuit-interrupter and a
signaling-key; in combination with, at said
central station, a common source of current
for switching and conversations; and for each
line, active and passive switch-terminals; elec-
tromagnetic actuating mechanism for connect-
ing the said active terminals with the passive
terminals of the same or any other line; a
permanent conductive connection hetween the
main conductors leading through said source
of current, and forming the normal terminal
loop of the circuit; and two relays controlling
respectively call-current devices and the said
actuating mechanism,and responsive to the op-
eration of said substation devices connected in
said loop or bridge one on cach side of said
source; the said permanent connection con-
stituting a current-supply bridee for its own
circuit, and the electromagnets of said relays
constituting impedance-coils individualizing
such supply, and preventing the diversion of
voice-currents thirough said bridge when said
circuit is switched to another.

3.. Inan automatic telephone-exchange Sys-
tem, the combination with each metallic-oir-
cuit substation-line; its central-station loop
or bridge terminal conductor permanently
uniting the main conductors thercof; an
earth connection for said terminal conductor;
and electromagnetic switching mechanism; of
a source of current common to all lines for
switching and conversations, and a control-
ling-relay for said mechanism in said termi-
nal conductor on one side of said earth con-

nection; a call-transmitting relay or electro-

magnetic ringing-key insaid terminal condue-
tor on the other side of said earth connection;
and substation apparatus comprising means
for completing said metallic circuit through
sald source and both relays; a periodic inter-
rupter organized to open one side of said me-
tallic circuit through the call-transmitting re-
lay, and to complete and intermittingly inter-
rupt a grounded circuit formed by grounding
at the substation the other side of said me.

tallic circuit and including said sourcé and
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saidcontrolling-relay, for the operation of
said switch mechanism; and a call-key adapt-
ed when operated to reéstablish and maintain
said last-named circuit, and to open and close
the said metallic circuit through said call-
transmitting relay, for the normal operation
thereof; substantially as described.

4. Inanautomatic telephone-exchange, the
combination of a group of main metallic tele-
phone lines or circuits extending from their
several substations to acentral station;asource
of current for switching and conversations
connected in each of said main circuits; an
electromagnetic switching mechanism for each
line, whereby said line may select and connect
itself with any other; a controlling-relay for
said switching mechanism connected in each
main circuit on one side of said source; and a
ringing -relay or clectromagnetic signaling-
key in each main circuit on the other side of
said source all at the central station; with a
common central -station call - generator; and
connections therefrom for each line to a rear
contact-stop of said ringing-relay: substan-
tially as set forth.

5. Inanautomatic telephone-exchange sys-
tem, metallic-circuit main telephone lines or
circuits extending between substations and a
central station, each provided at said central
station with apairof active or movable switch-
terminals and multiple pairs of passive switch-
terminals; switching mechanism acting to
bring the said pair of active terminals into
connection with a pair of passive terminals of
any selected line; a common battery supply-
ing. current for switching and signaling
through which all lines are permanently
closed; a relay for each main circuit control-
ling the switching mechanism thereof, and
connected in the main circuit on one side of
said battery; a ringing-relay or electromag-
netic ringing-key also for each circuit con-
neeted on the other side of said battery, and
having its armature in circuit with one of
sald movable switch - terminals; a common
central-station call-generator adapted to sup-
ply calling-current to all lines; a connection
extending from said generator to rear con-
tacts of said ringing-relay through forward
contacts of said controlling-relay, all at said
central station; and a call-key at each substa-
tion adapted when operated tomaintain closed
the circuit through the controlling-relay, and
to breal the circuit through the ringing-re-
lay, so that the forward and rear armature
contacts of said relays respectively are simul-
tancously established to provide a conduct-
ing-path for the call-current from the genera-
tor thereof to a movable terminal of a call-
originating line; substantially as set forth.

6. In an automatic telephone-exchange, a
metallic telephone-line or main cirenit extend-
ing between a substation and a central station;

. grounded circuit formed of one of the con-

ductors of said metallic circuit, and extending
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between an attached earth connection at the
central station and a normally detached earth
connection at the substation; a switch-termi-
nal for said metallic circuit; a closed condue-
tive connection between the main conductors
of said metallic circuit; a source of steady
current connected therein; a switch mechan-
ism controlling relay in both metallic and
grounded circuits; a call-transmitting relay
in said metallic circuit only, having an ar-
mature directly united with the said switch-
terminal thereof, a forward stop therefor
united with the appropriate main conductor,
and a rear contact-stop; a constantly-oper-
ating call-current generator, and a conduc-
tor extending therefrom to said rear contact-
stop of said call-transmitting relay, and there-
by when the armature of said relay isretracted,
to said switch-terminal and to any line with
which the same may establish connection, all
at said central station; and a calling key or
switch having normally united contacts in
said metallic circuit and normally separated
contacts in said grounded circuit; and adapted
when pressed to maintain a closed circuit
throueh said controlling-relay, and to open
the civcuit through said call-transmitting re-
lay and thereby close the circuit of the call-
generator through the armature thereof to
the switch-terminal of the circuit, and also to
sever the connection of said switch-terminal
and its own main cirenit-conductor, substan-
tially as described. '

7. In an automatic telephone-exchange sys-
tem, a compound metallic conversation-circuit
extending between two substations through a
central station, and composed of call-originat-
ing and call - receiving substation - circuits
united through movable terminals of the for-
mer circuit and fixed terminals of the latter; a
signal-bell in said second circuit at the substa-
tion thereof; a central-station . call-generator
furnishing call-current for the operation of
said bell; two bridged relays associated with
said call-originating circuit at the central sta-
tion, one maintaining the establishment of said
compound circuit, and the other having an
armature forming part of the said conversa-
tion-cireuit; a call-current conductor extend-
ing to said armature. through forward con-
tacts of the former and back contacts of the
latter relay, so that call-currents can be trans-
mitted to said signal-bell, only when the ar-
matures of said relays are respectively on
their forward and back contacts, at the same
time; and a signaling-key at the call-originat-
ing substation adapted to close circuit through
the former relay and break circuit through the
latter relay simultaneously, and thereby es-
tablish such condition of said armatures, sub-
stantially as set forth.

8. In an automatic exchange system, a me-
tallic compound conversation-circuit extend-
ing between two substations through a cen-
tral station and formed by the union at said

i3

central station of the movable terminals of a
call-originating constituent circuit with fixed
terminals of a call-receiving constituent cir-
cuit; telephone-transmitters at the substa-
tions of the said constituent circuits respec-
tively; two bridges extending between the
conductors of the said compound circuib at
said central station; controlling and ringing
relays for each constituent circuit, having
their electromagnetic windings connected in
series in the said bridges respectively:; and a
common battery included in both bridges be-
tween the said two relay-magnets thereof, to

supply transmitter-current to the transmit-.

tersatthe said two substations independently:
substantially as set forth.

9. In an automatic telephone-exchange, a
compound talking-circuit between two sub-
stations formed by uniting the line-circuits
of said substations at a central station, and
comprising, telephone apparatus at the said
substations; two independent bridges at the
central station joining the main conductors of
the two constituent circuits respectively; two
relays in series in each such bridge, the re-
lays of both bridges serving as impedance-
coils, and those of the call-originating con-
stituent circuit also serving respectively to
maintain the union of the two substation-civ-
cuits, and to control the transmission of call-
currents over the call-receiving circuit; acen-
tral-station battery connected in both of said
bridges between the said two relays thereof,
and supplying current for the energization of
said relays, and for the said substation tele-
phone apparatus; and switch-conductors unit-
ing the main conductors of each constituent
cirenit to the corresponding main conductors
of the other at points outside of said relays;
substantially as hereinbefore described.

10. In the substation apparatus of anauto-
matic telephone-exchange system, the combi-
nation of two metallic circuit main condue-
tors; a bridge-circuit between said circuit-
conductors including an electric bell; and a
condenser included also in said bridge to main-
tain the same normally discontinuous for
steady currents, but closed for the rapidly-
pulsating operating-current of said bell; with
a telephone-switch adapted to close the cir-
cuit of said bridge conductively by shunting
said condenser; a periodicinterrupter in said
bridge organized to open the circuit through
one of said main conductors, and to ground
and then intermittingly interrupt the other
of said main conductors; and a grounded sig-
naling-key having separable contacts in said
bridge in series with said interrupter, and
adapted when operated to open said bridge
and metallic circuit through one of said main
conductors and to establish a grounded cir-
cuit through the other; substantially as de-
scribed.

11. In the substation apparatus of an auto-
matic telephone-exchange system, the combi-
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nation with two metallic-cirenit main conduc-
tors; and a conductively-discontinuons bridge
between said main conductors; of a telephone-
switch adapted to close the civeuit of said
bridge; a periodic interrupting device adapt-
ed to break said cirveuit through one of said
main conductors, and to establish and in-
termittingly interrupt & grounded cirenit
through the other of said main conductors; and
a normally disconnected resistance device ar-
ranged to be included in said grounded cir-
cuit; substantially as sot forth. . :

12. In the substation apparatus of an auto-
matic telephone-exchange system, the combi-
nation with two metallic-circuit main condue-
tors extending from the two poles respectively
of a central-station battery: a conduetively-
discontinuous bridee hetween said conductors;
and a telephone suspension-switeh operating
to close the cireunit of saijd bridge and therehy
unite said main conductors: of an associated
interrupting device adapted when operated to
break said circuit leaving one of said main
conductors disconnected, and to establish and
intermittingly interrupt a erounded cireuit
through the other of said main conductors;
and a normally disconnected resistance de-
vice arranged to he included in said grounded
circuit during the operation of said interrupt-
ing device in substitution for the resistance
of the said disconnected main conductor;
whereby the current strength developed by
said central-station battery in the remaining
main conductor is maintained substantially
uniform.

18. The combination in cach circuit of an
automatic exchange system, of the metallic-
circuit main conductors permanently united
at the central station; a battery or like source

mechanism-controlling relay, and a call-sig-
nal-transmitting relay, connected in said cir-
cuit on different sides of said battery; and a
ground connection between said battery and
said call-signal-transmitting relay, all at said
central station; and a erounded call-key at a
substation, normally detached from said cir-
cuit-conductors and oreanized when operated
to establish a grounded cireuit through one
of said main conductors, the controlling-relay
and the source of current, and to open the cir-
cuit through the other main conductor and
the call-transmitting relay, whereby the at-
traction of the controlling-relay armature and
the retraction of the call-transmitting-relay
armature may beeffected simultancously with
each operation of said key: substantially as
and for the purposes set forth.

14. A system for call-signaling for an auto-
matictelephone-exchange,com prising a group
of telephone main cirenits or lines cach ex-
tending between one or more substations and

a central station, and cach composed of two
main conductors serving respectively as the |
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outgoing and return call-current conductors;
an electromagnetic bell at each substation of
allof said circuits; a common call-current gen-
erator atsaid central station; means associated
ab said central station with each main line when
acting as a call-originating civeunit for estab-
lishing an incomplete circuit connection be-
tween said eall-gencrator and the call-current
main conductor of the said call-originating cir-
cuib or of any desired other line of the group;
a transmitting call-key at the substation of
said call-originating cireuit; and two relaysin
the said call-originating cireuit atsaid central
station, responsive to the operation of said
substation-key, one acting to maintain the es-
tablishment of such incomplete circuit con-
nection, and the other acting to complete the
same and to thereby close the circuit of the
said call-generator through the said outgoing
conductor and substation-bells of the selected
line; whereby with a single call-transmitting
key, call-signals may be transmitted from any
substation toany other substation on the same,
or on any other line at will; as set forth.

15. The combination in an automatic tele-
phone-exchange, of a metallic substation-cir-
cnif; a second substation-cireuit with which
the first has established connection to consti-
tute a through talking-circuit; a central-sta-
tion battery furnishing current for switching
operations and talking, to hoth circuits; a cir-
cuit-controlling key at the substation end of
said first-named circuit; a switch-mechanism-
controlling relay, and a call-transmitting re-
lay in said first-named circuit on oppositesides
of said battery, the connection between the
said two circuits being established through the
armature of said call-transmitting relay, and
the said relays being responsive by the at-
traction and retraction of their armatures re-
spectively to the operation of said key; a cen-
tral-station call-current generator; and a con-
ductive connection therefor leading through
the armature of the controlling-relay and its
forward contact, and the armature and rear
contact of said call-transmitting relay, to the
appropriate main conductor of said second
substation-circuit; substantially as and for the
purposes described.

16. In an automatic telephone-exchange, a
temporary signaling - circuit extending be-
tween a central station and asubstation; acall-

-eurrent gencrator included therein at said cen-

tral station and organized to develop and de-
liver thereto successive current pulsations of
single direction; an electromagnetic bell in-
cluded in said circuit at the substation and po-
larized to be responsive to said current im-
pulses; and arelay controlling said signaling-
cirenit, connected in a branch thereof at said
central station, and oppositely polarized to
remain unaffected by said current impulses;
substantially as and for the purposes set forth.

17. In an automatic telephone-exchange, a
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number of metallic main telephone circuits or
lines, each extending between one or more
substations and a central station; an individ-
ual switching device at the central station for
each circuit; a common call-current generator
at the central station organized to develop and
deliver to its external circuit a pulsatory or
intermittent current of single direction; an
electromagnetic call-bell at each of the substa-
tions of said lines, polarized in a direction to
be responsive to the successive current pulsa-
tions of said call-generator; a temporary but
incomplete signaling -circuit established be-
tween the said call-generator and the call-bell
of a wanted substation by the action of the
switching device of a call-originating substa-
tion-circuit; a call-key at said call-originating
substation; and a polarized relay responsive to
sald key and acting to complete said signaling-
circuit for the operation of said call-bell, the
said relay being in the circuit of said call-
originating substation, and also in a branch
of said signaling-circuit, and being polarized
to remain unaffected by the current pulsations
of said call - generator; substantially as set
forth.

18. In an automatic telephone - exchange
system, the combination of a number of me-
tallic main telephone circuits or lines each ex-
tending between one or more substations and
a central station, and the two main conductors
of each serving respectively as call-current-
supply and call-current-return conductors; an
individual switching mechanism at the central
station for each circuit; acommon call-current
generator at the central station organized to
develop and to deliver to any external circuit
which may be established for it, a pulsatory
or intermittent current of single direction; an
electromagnetic call-bell at each of the substa-
tions of said lines polarized in such manner
as to be responsive to said pulsatory call-cur-
rent; a temporary but incomplete signaling-
circuit established between the said call-gen-
erator and the call-bell of a wanted substation
by the action of the switching mechanism of
a call-originating substation-circuit; a call-
key at said call-originating substation; and
two polarized relays at the central station re-
sponsive to said key, both in the call-origi-
nating main eirenit and also in said signaling-
circuit or a branch thereof, one being adapted
to control sald switch mechanism for the es-
tablishment-and maintenance of said incom-
plete signaling-circuit, and the other acting
to complete the said signaling-circuit for the
operation of the call-bell at said wanted sub-
station; substantially as set forth.

19. In the central-station switching mech-
anism individual to each telephone main line
of an automatic exchange, the combination
substantially as hereinbefore described, of a
main-line relay; alocal circuitleading through
contacts of said relay and having a portion

1S

of its conductor divided into two parallel
branches; selecting and retaining-pawl elec-
tromagnets in one of said branches; a con-
necting-relay in the other of said branches;
and a vibratory resistance in the connecting-
relay branch actuated by the selecting-relay,
and consisting of contact-points mounted re-
spectively upon a spring, and the armature-
lever of said selecting-relay, and adjusted to
vibrate upon each other when said lever is
in operation, but to rest in firm contact with
each other on the cessation of such operation.

90. The combination in an antomatic tele-
phone-exchange switch apparatus, with asub-
station telephone-circuit having its main con-
ductors provided with movable terminals to
select and connect with the fixed terminals of
other circuits and with multiple fixed con-
tact-terminals to be selected and connected
with by the movable terminals of other cir-
cuits; a selecting and connecting device for
bringing the said movable terminals into jux-
taposition to any predetermined pair of fixed
terminals and uniting them therewith; and
selecting, retaining - pawl, and connecting
electromagnets for operating and maintaining
the operation of the said selecting and con-
necting device; of abranched local circuit in-
cluding said electromagnets, the selecting and
retaining magnets being in one and the con-
necting-magnet in the other branch of said
local circuit; a relay in the main circuit con-
trolling said local circnitand itself responsive
to appropriate substation apparatus; and a
vibratory contact resistance device inthe con-
necting - magnet branch of said local circuit
actuated and controlled by the armature of
the selecting-magnet; as and for the purpose
described.

91. The combination in an automatic tele-
phone-exchange switch apparatus, with a sub-
station telephone-circuit having its main con-
ductors provided with movable terminals to
select and connect with the fixed terminals of
other circuits, and withmultiple fixed contact-
terminals to be selected and connected with
by the movable terminals of other circuits; a
selecting and connecting device for bringing
the said movable terminals into juxtaposition
to any predetermined pair of fixed terminals
and for uniting them thereto; and selecting,
retaining - pawl, and connecting electromag-
nets for operating and maintaining the oper-
ation of the said selecting and connecting de-
vice; of a branched local circuit including
said electromagnets, the selecting and retain-
ing magnets being in one and the connecting-
magnet in the other branch of said local cir-
cuit; a relay in the main circuit controlling
said local circuit and itself responsive to ap-
propriate substation apparatus; a vibratory
contact resistance device in the connecting-
magnet branch of said local circuit, actuated
and controlled by the armature of the select-
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ing-magnet, to prevent the operation of the
connecting-magnet during selection and to
permit the same after selection; and a nor-
mally open short-circuiting shunt around
said vibratory resistance adapted to be closed
by and pursuant to the operation of said con-
necting - magnet; substantially as hereinbe-
fore described.

22. Inanautomatic telephone-exchange, the
combination of a number of metallic substa-
tion-circuits or telephone-lines each extending
from one or more substations to a central sta-
tion; an automatic switching mechanism for
each line at the central station, comprising the
ringing and testing active switch-terminals
representing respectively the two main con-
ductors of said line,and fixed or passive switch-
terminals for all lines of the system including
its own, the said switching mechanism being
controlled from any substation of the line %o
connect the said active terminals with any de-
sired pair of said passive terminals; an elec-
tromagnetic ringing-key or ringing-relay at
the central station for each line controlling
the ringing active terminal thereof; a com-
mon call-generator at said central station, and
a call-current conductor leading therefrom to
a contact of said ringing key or relay, and
adapted to be switched by the operation there-
of to theactive line-terminal controlled there-
by and thus connected with the call-bell at
the substation of any line with whose fixed
terminal said active terminal may be in con-
tact; and a key at each substation controlling
the said electromagnetic relay or ringing-key
of its own line; whereby call-signals may be
transmitted through the agency of a single
call-key from any substation to any other sub-
station, on the same or on another line, sub-
stantially as set forth.

23. In an automatic telephone-exchange, a
system of call-signaling between stations on
the same line or main cireuit by means of call-
currents developed by acentral-station source,
comprising a metallic polystation telephone-
cirenit having outgoing and return call-cur-
rent main conductors provided at a central
station with a pair of movable or active ter-
minals and a pair of reverting fixed termi-

nals; a common central call-current genera-.

tor; a central-station selecting and connecting
mechanism appropriated to said telephone-
circuit and adapted to move said movable tor-
minals into juxtaposition to and into connec-
tion with said reverting fixed terminals in re-
sponse to action taken at a call-originating
substation; anincomplete ringing-cireuit from
said call-generator through one of said mov-
able terminals and the corresponding revert-
ing fixed terminal thus connected, to the out-
going call-current conductor; an electromage-
netic call-bell bridged in series with a con-
denser between the said outeoing and return
main conductors at each substation;
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transmitting call-key at the call-originating
substation; and two central-station relays(ina
permanently-closed connectionincludingabat-
tery between thesaid two main circuit-conduc-
tors) responsive to the operation of said call-
key,onecontrolling said selecting and connect-
ing mechanism and acting therethrough to
maintain the said connection between the mov-
able and reverting fixed terminals, and the
other acting to complete the said call-generator
ringing-cireuit; whereby the operation of the
call-key at any one of the several substations of
a polystation-circuit acting through the me-
dium of a relay at the central station is en-
abled to ring the bells of the other substations
of said circuit; substantially as described.

24. Inanautomatic telephone-exchange, the
combination of a polystation main telephone-
circuit having its main conductors provided
with a pair of movable terminals, multiple
fixed terminals one pair for each other main
circuit of the system, and a pair of reverting
fixed terminals, the said movable terminals
being adapted to select and connect with the
fixed terminals of other circuits or the revert-
ing fixed terminals of their own circuit, the
said multiple fixed terminals to be selected
and connected with by the movable terminals
of other circuits, and the said reverting-ter-
minals to be selected and connected with ex-
clusively by the movable terminals of their
own circuit for ringing between two stations
of the same line; a selecting and connecting
device associated with said circuit and adapt-
ed to connect the movable terminals thereot
withsaid reverting-terminalsor with the fixed
terminals of any otherselected circuit; a com-
mon call-gencrator; an incomplete ringing-
cirenit from said call-generator through one
of the said movable terminals to the condue-
tor represented by the fixed terminal with
which it has established connection; and two
relays in a closed loop of said main cireuitin-
cluding a common battery, one acting to con-
trol said selecting and connecting device and
to maintain the connection established there-
by, and the other to complete said ringing-
cirenit; with electromagnetic call-bells and
signal-transmitting call-keys, one of each at
ecach substation of said main circuit and of
other circuits; the said relays being both re-
sponsive to the operation of the call-key of
any one of the substations of their own cir-
cuit which has previously operated its said se-
lecting and connecting device to establish
connection between its movable switch-termi-
nals, and a selected pair of reverting or other
fixed terminals; and the said substation-bells
of any circuit represented by said selected
fixed terminals being responsive to the action
of said last-mentioned relay; substantially as
set forth.

25. The combination in an automatic ex-

asignal- | change system, of a substation-circuit having
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movable or active terminals; selecting and
connecting apparatus actuated by electromag-
nets in a local circuit for connecting the said
terminals with fixed terminals of another sub-
station-circuit; a busy-test relay associated
with said selecting apparatus controlling the
local circuit thereof, said relay being adapt-
ed when energized to open said local circuit
and thereby prevent the operation or further
operation of said selecting and connecting ap-
paratus; a normally incomplete test-circuit
containing the exciting-coil of said relay; and
means actuated by said selecting apparatus
for completing said test-circuit and for caus-
ing a current to flow therein for the opera-
tion of said relay when the said other substa-
tion-circuit is already engaged.

96. In an automatic exchange system, the
combination substantially as described herein,
of a substation-circuit having movable or ac-
tive terminals; selecting and connecting ap-
paratus actuated by electromagnets in a local
circuit for connecting said terminals with fixed
terminals of .another circuit; a busy-test re-
lay baving actuating and maintaining excit-
ing-coils, said relay being adapted when en-
ergized to open said local circuit thereby pre-
venting the operation or further operation of
said connecting apparatus, and to divert the
current thereof through its‘own maintaining-
coil, a normally incomplete test-circuit includ-
ing the actnating-coil of said relay; a commu-
tating device actuated by said selecting and
connecting apparatus to transiently sever one
of said active terminals from its main conduc-
tor dnd to complete said test-circuit there-
through; and means for establishing current
through said test-circuit for the operation of
said busy-test relay, when, and as long as the
said other substation is engaged.

97. In an automatic exchange system, the
combination of a call-originating substation-
circuit having a movable or active switch and
test terminal; selecting and connecting appa-
ratustherefor actuated by electromagnetsin a
local circuit for connecting said terminal with
a fixed terminal of another or wanted substa-
tion-circuit; an intrusion preventing test-re-
lay having actuating and maintaining or lock-
ing exciting-coils, said relay being adapted
when energized to open said local circuit
thereby preventing the said connecting appa-

‘ratus from effecting the desired connection,

and to-divert the current of said local circuit
through its own maintaining-coil; a normally
incomplete test-circuit including the actuat-
ing-coil of said relay; means for impressing
a potential upon the multiple fixed terminals
of the said other or wanted substation-circuit
when the same is busy; and a commutating
device actuated by said selecting and connect-
ing apparatus to sever the said active test-
terminal from its main conductor during the
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process of selection, and to connect said in-
complete test - circuit therewith; whereby

when contact is made between the active test-.

terminal of a call-originating circuit and a
passive terminal of a busy line, current is
caused to flow from the latter through the
former, and through the actuating-coil of said
intrusion-preventing test-relay; substantially
as and for the purposes described.

98. In the central-station apparatus of an
automatic telephone-exchange, the combina-
tion of a call-originating substation - circuit
having movable or active terminals; automatic
switching apparatus for connecting the said
terminals with fixed terminals of another sub-
station-ecircuit; a busy -test relay associated
with said switching apparatus, having actuat-
ing and maintaining exciting-coils; a normally
incomplete test-circuit including the actuat-
ing-coll of said relay; means actuated by said
switching apparatus for completing said test-
current circuit and for causing a current to
flow therein for the operation of said relay
when the sald other substation is already en-
gaged; and an audible busy-signal-producing
device in a conductor leading through nor-
mally separated contacts of said relay to a
main conductor of said call-originating cir-
cuit; the said relay being adapted when oper-
ated to establish the circuit of said audible
signal device through said contacts, and to
close and direct current through the circuit
of its own maintaining-coil; substantially as
and for the purposes set forth.

99. Inanautomatic telephone-exchange sys-
tem, the combination at the central station, of
a call -originating or calling substation-cir-
cuit, and a call receiving or wanted substa-
tien-circuit, both provided with a pair of ac-
tive terminals and multiple pairs of passive
switch-terminals; switching mechanism actu-
ated by electromagnets in a local circuit tor
said calling-circuit adapted to connect the ac-
tive terminals thereof to the passive termi-
nals of said called circuit; a busy-test relay
with actuating and maintaining exciting-coils;
a normally open locking-circuit through the
maintaining-coil thereof; a tone-current-pro-
ducing device in a normally open busy-signal
circuit; means as indicated for impressing a
testing - potential upon the multiple passive
contacts of the wanted substation-circuit when
said circuit is busy; and a temporary testing-
circuit including the actuating-coil of said
test-relay established by the operation of said
switching mechanism through the active and
passive terminals of said calling and wanted
circuits respectively when said terminals are
brought into connection; the said relay nor-
mally maintaining the said switching-mech-
anism local circuit, and adapted when ener-
gized, to disestablish the same, to close the
said maintaining-coil or locking-circuit and
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divert the current of said local circuit thereto,
and to closethe said busy-signal circuitthrough
the appropriate main conductor of the calling-
circuit and the substation-receiver thereof;
whereby the engaged condition of the wanted
line may be announced to the substation of
said call-originating line; as set forth.

30. Inanautomatic telephone-exchange sys-
tem, the combination at the central station, of
substation circuits or lines having onhe set of
movable terminals and multiple sets of fixed
terminals, any of which lines may be a line
calling for another or a line wanted by an-
other; switching mechanism for each line ac-
tuated by selecting and connecting electro-
magnets and operating to unite the movable
terminals of said line when calling, to the fixed
terminals of a wanted line; a controlling-relay
in each line; alocal circuit containing said ac-
tuating-magnets and extending through for-
ward or working contacts of said controlling-
relay; anormally detached branch of said local
circuit alternative to the magnet-containing
portion thereof; a battery or like source of
current adapted to be attached to the fixed
terminals of an engaged line by the normal
operation of the switching mechanism estab-
lishing such engagement; an incomplete and
temporary testing or non-intrusion circuit to
be completed through the said attached battery
and fixed terminals of any engaged line when
the movable terminals of said calling-line are
connected therewith by the switching mech-
anism of said calling-line; a normally discon-
tinuous busy-signal circuit and a tone-signal
current-producing apparatus included there-
in; a test or intrusion-preventing relay for
each line having actuating and maintaining
exciting-coils in said non-intrusion cirenit and
detached branch circuits respectively; and two
switching armature-levers therefor, adapted
one to move between back and front contact-

- stops to control the local actuating-magnet
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circuit through said magnets and the alterna-
tivenormally detached branch thereof through
said maintaining-coil, and the other between
a back non-contact stop and a front contact-
stop to control the connection of said nor-
mally discontinuous busy-signal circuit with
the conductors of said calling-line, the normal
connection of said local circuit being through
said back contact, and the connections of said
branch and busy-signal circuits being through
said front contacts respectively; substantially
as described.

31. Inan automatic telephone-exchange the
combination substantially as herein deseribed,
of a polystation main telephone-circuit hav-
ing at each substationa bridged call-bell, and
at the central station active and passive ter-
minal contacts; a selecting and connecting
switch mechanism for said cirvenit with actu-
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ating-magnets in a local circuit; a source of
current in a permanent central-station con-
nection between the two main conductors of
said main circuit; a periodic interrupting de-
vice at a call-originating substation of said
main circuit; a controlling-relay responsive to
said interrupting device for said local circuit
and the switch-mechanism actuating-electro-
magnets contained therein, included in said
permanent connection on one side of said
source; a ringing-relay also in said permanent
connection on the other side of said source;
anearth conductor attached to said permanent
connection between said source and ringing-
relay; an impedance device in said permanent
connection between said ringing-relay and said
earth conductor; and a shunt-circuit for said
impedance device controlled by said ringing-
relay; substantially as and for the purposes
set forth. '

32. Inanautomatictelephone-exchange sys-
tem, the combination at the central station, of
substation circuits or lines having active and
multiple passiveswitch-terminals,any of which
lines may be a line calling for another, or aline
called or wanted by another; switching mech-
anism for each line adapted to connect the ac-
tive terminals of said line when calling, to the
passive terminals of a wanted line; a test-relay
for each calling-line; means for exciting said
relay when connection is made by the active
terminals of the said calling-line with the pas-
sive terminals of a busy called line; a common
busy-signal-producingdevice;a normally open
busy-signal circuit containing said device, and
branching to switch-contacts of the said test-
relays of the said lines respectively; and a re-
sistance device in each of the said relay
branches of said busy-signal circuit; the said
relays being each adapted when excited to
complete said busy-signal circuit through the
branch thereof appropriated to said relay and
its individual resistance, and through the said
calling-line; substantially as and for the pur-
poses specified. :

33. Inanautomatic telephone-exchange sys-
tem, the combinationwith two or more metallic
substation-circuits leading to a central station;
of selector mechanism at the central station for
connecting a calling with a called substation-
line, said mechanism comprising terminals
representing the substations, and a movable
connector adapted to connect terminals of the
calling and any called substation-line; ringing
and controlling relays in the conductors of the
calling-circuit respectively; eledtromagnetic
actuating means for advancing the connector;
a selecting-circuit through said electromagnet
closed upon the simultaneous deénergization
of one relay and energization of the other re-
lay; selecting means under control of the call-
ing-substation for simultaneously grounding
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a circuit by way of one conductor of the call-
ing-substation circuit through one relay and
opening the circuit through the other relay;
a ringing-circuit closed by the simultaneous
energization of the controlling-relay and de-
energization of the ringing-relay, said ring-
Ing-circuit extending through the terminals
connected by the connector of the called line;
and-signaling means undér control of the call-
ing-substation for simultaneously grounding
a circuit by way of one conductor of the call-
ing-substation through one relay and opening
the circuit through the other relay.
Intestimony whereof I have signed my name
to this specification,in the presence of two sub-
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scribing witnesses, this 21st day of January,
1904. :
ALBERT M. BULLARD.
‘Witnesses:
Harry B. THAYER,
ArBERT L. SAER.

In testimony whereof I have signed my name
to thisspecification,in the presence of twosub-
scribing witnesses, this 22d day of January,
1904.

LOUIS A. FALK.

‘Witnesses:

Gro. WiLLis PIERCE,
JOSEPH A. (FATELY.




