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To all whom it may concern:
Beitknown thatl, WILLIAM D. GHARKY, a
citizen of the United States,residingin thecity

and county of Phlladelphm, State of Pennsyl- -

vania, have invented cer tain Improvements
in Telephone-Exchange Systems, of which the
following is a speexﬁcatlon

My 1nvent10n relates to the central-office
apparatus, some of the subscribers’ appara-
tus, and the circuit connections therebetween,
which are employed in what are known as
“exchange systems”—i. e., systems of tele-
phone service wherein the subseribers’ lines
are all handled at one or.more central points,
through which all interconnection is obtained.

The general problem presented is that of so
connecting different telephone subscribers to
a common cenfral station or stations thatany
one of them majy signal to the central station
that he desires connection with any other,
that the operator at the central station may
with the least labor answer the signal of the
calling subscriber and, having ascertained

the number of the subscriber with whom he

desires conversation, connect his line with
that of the calling subseriber and by the sim-
ple act of connection transmit a call forward
to the called subscriber, and that upon the
termination of the cenversation subsecribers
with the least labor on their part and on the
part of the operator may indicate to the cen-
tral station that they have finished. My so-
Iution of this problem involves the use of au-
tomatic calling means throughout, both for
the subscriber and for the operator, and the
provision likewise of ‘“automatic” (so called)
supervisory signals. The subscribers’ line-
terminals at the central station or stations
are supposed to be grouped upon a number of
separate switchboards or ‘‘switchboard-sec-
tions,” each section containing the line-ter-
minals and also the line-annunciators of a
given number of subscribers. Flexible cords
telmmatmv in plugs are provided at each
swltchboald or switchboard-section, which
constitute in themselves complete means for
the interconnection of subseribers upon that
board or section. Inasmuch as each sub-
seriber has a line-terminal upon one section
only, further means are provided for inter-
connecting the sections, so that a subseriber

Serial No. 683,634, (No model.)

whose line terminates at one section may be
connected with another whose line terminates
at another section. This means consists of
trunk-lines so arranged that they connect
each board or section with every other board
or section. In considering the operation of
my system it.is only necessary to take the op-
eration of connecting subscribers on differ-
ent boards, because the connection of two
subscribers on the same board involves the
use of part of the same apparatus in a man-
ner that will be obvious from the deseription.
Eaeh subseriber is provided with a metallic
cireuit which terminates in movable switch-
arms at the subscriber’s station and in jack-
springs at the central station upon the proper
terminal board or section. The arrangement
is such that when the subscriber removes his
telephone-receiver from the hook a calling-
circuit, composed of the line-wiresin parallel
is comnleted through his hook-switch and the
annunciator at cen’ora] which thereupon dis-
plays its signal. The answeriug operator in-
serts a plug, which connects the cord-cireuit
with the line and disconnects the line-annun-
ciator. I provide the cord-circuit with a com-
bination instrument which performs three
funetions. Upon operation by the operator
it breaks the through-cord circuit, connects
the listening set to the calling subscriber,
and conneets a ringing-generator to the plug,
whieh is yet to be inserted in the jack of
the subscriber wanted. Having ascertained
the number of the subscriber wanted, if on
the same board with the calling subscriber
the operator simply inserts the forward plug
in the desired line-jack. The generator be-
ing already connected to-that plug, a call-
ing-current immediately passes out upon
the line and rings the subscriber’s bell.
however, the subscriber wanted is upon an-
other board, the operator inserts the calling-
plugin the terminal jack of a trunk-line lead-
ing to the board upon which he is to be found,
notifies the operator thereat of the number
wanted, and leaves her to complete the con-
nection, the ringing-current, as before, being
thrown automatically upon the called-sub-
seriber’s line. ' In any case the ringing-cur-

rent continues to actuate the bell of the
called.subscriber until he answers the call by
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removing his. telephone - receiver from the
hook, whereupon means self-contained in the
instrament before referred to automatically
disconnects the generator {from tbe line and
recompletes the through-cord cireuit. Super-
visory and clearing-out signals are provided
which are automatically operated when both
subsecribers have returned their telephone-
receivers to the hooks.

Such is a general statement of the appara-
tus and functions of my system, which I shall
now proceed. to describe specifically. It will
be apparent that someof the apparatus may
be changed or removed and other forms sub-
stitufed therefor without destroying either
the identity or the efficiency of the system as
awhole. ~ Such changes and substitutions are
contemplated as bemﬂf within the scope of my
invention.

Referring to the accompanying drawings,
wherein the same letters and nu memls of ref-
erence indicate the same parts throughout;
Figure 1 is a diagrammatic view of my sys-
tem asa whole, two subseribers’stations being
shown conneeted upon different sections of a
central-office switchboard. - Fig. 2 is a side
viewofa plunger-switch performmw the funec-
tions of listening-in and calling, also serving
as a signal, I‘W 3 is an edge view theleof
Figs. 4 and 5 are side and end views, respec-
mvely, of a trunk-line 1'e1ay confrolling the
supervisory signals. Fig. 6 is a dlarrram of
my switehboard ar 'zmnﬂemexlt Fig. 7isa dia-
gram of cireuits at the subscriber’s station.

Referring to Fig. 1, the subseriber at the
left of the figure is supposed to be the call-
ing subscnber and the subseriber at the right
the called subscriber. Both the subscnbers
instruments and the central-office apparatus
are shown in their normal position of disuse.
It will be observed that 1 2 and 3 4 are cir-
cuits leading from the subseribers’ stations
to the central office, where they terminate in
spring - jacks a and 0, respectively. The
sprmﬂ's of these jacks nor mally rest upon an-
vils ¢’ and ', from which wires are led to the
windings of the line-annuneciator magnets a?
and b, 1'espectlvely, and thence both circuits
are continued to the main battery M and to
ground. At the subscribers’ stations wires
12 and 3 4 terminate in switch-arms ¢ ¢’ and
d ', respectively. These switeh - arms arve
controlled as to their position by the tele—
phone-receivers R R’ and the springs » ¢
When the receivers are upon the hooks, as
shown, the switch-arms are held down in
con’mot with anvils connected to the eir-
cuits of the ringers or polarized bells P I,
When the JGCGH’GLS are off the hooks, the
springs » ' cause the hooks to rise, elosmr*
the eircuit from the line-wires tlnou"h Lhe
seeondaries S 8 of the respective 1nduct10n-
coils and the local circuits through the trans-
mitters T T’ and the primaries p p’, each
loeal cireuit of course containinga sumable
battery. From the middle point of each sec-
ondary winding a wire w is led to ground.

646,602

This ground conneetion is permanent so far
as the coil is concerned. . With this construc-
tion it will be apparent that alternating cuu-
rent thrown upon any pair of line-wires in se-
ries while the subsecriber’s switeh-hook is in
its normal position of disuse will cause the
ringer or bell to sound, while the removal of
the telephone - receiver from the hook will

"cause the same to rise under the influence of

its spring, and a cireuit will immediately be
completed from the ground through bothline-
wires in parallel through the central-office an-
nunciator and the main battery M to ground,
which will operate the line-annunciafor as
desired. Thisconstitutes theentire operation
as far-as signaling in the lines themselves is
concerned. For the operation of thissystem
I provide at the central office two sets of
switchboard-operators, whom I designate, re-
spectively, “A” and ‘*B” operators. I di-
vide the entire board into a number of see-
tions, and upon each section I terminate a
number of subscribers’ lines, (assumed to be,
for the purpose of description, one hundred.)
These terminal sections are grouped in ‘pairs
and between each two pairs is inserted a sec-
tion containing noline-terminals, but merely
plugs, constituting the terminals of trunk-
lines. This arrangement is clearly shown in
Fig. 6, where A A represents in each case a
double section containing line-terminals—
that is, drops and jacks. I3 in each case rep-
resents the trunk-plug section.. The A oper-
ators are stationed at these A sections, two
operators to each double section. The B op-
erators arestationed one at each single trunk-
plug seection. It will be observed that each
A operator has within her reach all the jacks
on a double section, while each B operator
has within her reach on the right hand and
on the left one-half of an A double seection.
With this in mind the general operatiorn of
the system will be easily understood. Each
call caused by the subscriber taking down
his telephone - receiver, and consequently
throwing his drop, is answered by an A oper-
ator. If upon inserting the answering-plug
and ascertaining the number of thesubsecriber
with whom conversation is desired the A op-
erator finds that subseriber to be upon her
own doublesection, she willimmediately com-
plete the connection by inserting the other
plug of the pair she is using into the desired
subseriber’s spring-jack. If, however, the
wanted subscriber is located upon another
section of the switchboard, the answering A
operatorinserts her second plug into the jack
of atrunk-line, by this act notifying the B op-
erator, who is stationed at the I3 section upon
which the other terminal of that trunk-line
is located. The I3 operator so selected com-
municates with the A operator and learns the
number of the wanted subseriberand thenin-
serts the trunk-plugin the required jack of the
section to her right or to her leff, as the case
may be. The B operators communicate with

the subseriber directly only when they find
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that the wanted lines are busy—that is, when
a plug already occupies the desired spring-
jack. Ordinarily all their communication is
held with and their instructions are received
from the A operators. Fig. 1 shows diagram-
matically the circuits of an A operator’s plug-
cord with her listening and calling means, a
trunk-line leading from the A operator S sec-
tiontoa B operatox s section, and the B opera-
tor’s apparatus at the terminal thereof. The
two sides of the plug—cord circuit at the A sec-
tion are numbered 5 and 6, respectively, the
line 5 connecting the sleeves of the plugs o?
and ¢tand the hne 6 connecting the tips there-
of. BSimilarly the two sides of the trunk-line
are numbered 7 and 8, and they connect the
springs of the trunk spring-jack b* on the A
section with the sleeve and tip, respectively,
of the plug b° on the B section. In continu-
ing the description of thissingle chain of cir-
cuits I shall proceed as though it were com-
plete in itself for every purpose without ref-
erence to the rest of the switchboard. It will
be understood, however, that certain appara-
tus and cirenitsare common to all of the plug-

cords of one section or to all of the sections-

of the exchange and that in order to amplify
the single chain into a complete switchboard
mere multlphcatlon is required.

In the position shown in Fig. 1 the plug a®

is supposed to occupy its nor mal_ position of
rest in the plug-seat. Thesleeve of this plug
to which the cireuit 5 of the plug-cord iscon-
nected bears a metallic heel - piece, which
while the plug is in ifs seat makes contact
with a spring af connected to ground. The
purpose of this will be explained later. In-
cluded in the circunit of each plug-cord and
forming a part thereof isa combination listen-
ing-in and ecalling switeh E. This switch is
shown full size in Figs. 2 and 3, but the cir-
cuits are best seen in Fig. 1. The switch con-
sists, essentially, of asupporting-frame, with-

carrying a block of insulation ¢'. Supported
upon the upper end of the spindle is a push-

button head ¢* which forms an abutment, as-

shown in Fig. 1, for a spiral spring €%, which

tends constantly to force the plunger into its

extreme position, as shown in Fig. 1. In
practice the plunger or spindle is vertical and
the retracted position is its uppermost posi-
tion, the spring being compressed when the
plunwer is ‘moved downwardly by pressure
upon the push-button e

Secured to the insulating-block ¢’ are con-
tact arms or bars ¢t ¢5. In practice, as shown
in Figs. 2 and 3, there are four of these bars
insulated from each other. For ease of illus-
tration in the diagram, however, they are
shown as two only. Now both of these arms
et and €%, which move with the reciprocating
spindle, are arranged to engage with various
contacts, numbered from 9 to 22, inclusive.
Of these 9 and 10 form the terminals-of the
supervisory-lamp eireuit. 11, 12, 13, 14, 15,

18, 19, and 22 are terminals of the plug-cord.

20 and 21 are the terminals of 4 generator-
circuit. 16 and 17 are the terminals of an
operator’s listening-in set. These terminals
are arranged in such positions that a certain
numberof them will be closed in each of three
positions of the plunger, which positions are
arranged to be assumed in regular sequence.
In the normal position shown in Fig. 1 a plug-
cord circuit is complete from the plug a®
through the cord-cirecuits 5 and 6 and the ter-
minals 11 12 and 13 14, respectively, and the
plug a*. In addition the supervisory-signal
circuit 23 is completed at the terminals 9 and
10. This supervisory-signal circuit contains
the lamp or other indicator L and is sup-
plied with current by a battery M'. Con-
nected in multiple therewith and supplied
with current by the same battery is a twin-
signal eircuit 24, containing a lamp or other
indicator I'. The lamp L is located at the
A section of the switchboard and the lamp L/
af the terminal of the trunk-line 7 8 upon the
Bsection. The.circuit 23 includes beside, the
terminals 9 10, terminal 25 and the armature
fof a magnet F. This magnet F is included
in a circuit 27, leading from the middle point

of a bridge 28 of the plug-cord circuit 5 6 to

the main battery M and ground. The bridge

-28 contains impedance ¢ ¢ in order that it may

not short-circuit voiee-currents which are
passing over the metallic circuits.

The magnet F through its armature f con-
trols the position of the plunger-switch E.
This is accomplished by means of a hooked
portion f' on the armature f which engages
an enlarged portion or head ¢° on the plun-
ger e. The operation of these parts will be
described later.

Leading from the A section to the B sec-
tion is a cireuit 28, in which at the A section
is included a telephone set, (indicated dia-
grammatically by thereceiver R2. } The termi-
nalg 16 17 of the plunger-switch E are con-
nected to the two sides of this circuit 28. At
the B section of the switchboard the cirenit
28 terminates in two contact-anvils 29, with
which are adapted to engage springs 30 of a
switch G. Leading from the springs 30 is a
cireuit 31, which terminates in springs 32 of
a similar switch @', located within the trunk-
jack b* of the A section and adapted to be op-
erated by the insertion of the plug a* there-
in. . The contact-anvils of this switch G’ are
connected to the two sides of the circuit 28.

Connected across the trunk-line circuit 7 8
is a bridge-wire 34, containing impedance ¢’
7" and having connected between the impe-
dance the coils 2 h of a relay H, which is
shown in detail in Figs. 4and 5. This relay
has a double function, acting to control the
circuit 24 of the lamp L in such a manner as
to make it available both as a clearing-out
signal and also as a trunk-line advance-sig-
nal. The armature h? when retracted closes
upon a back contact 26, and in order that it
may be held away from this contact when the
trunk-line is disconnected in its normal con-
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dition of disuse I provide an extra winding
I’ for the relay-magnet, said winding, to-
gether with a small battery m, being included
in a circuit 34, which terminates in spring-
contacts 35 36, adapted to be closed when the
plug U° is in its seat. It will be observed
upon referring to Figs. 4 and 5 that the re-
lay II consists of two magnets mounted upon
the same base. The winding of the second
magnet is represented in Fig. 1 by the coil 7%,
which isincluded in a circuit 35, leading from

- the middle point of the windings 7 ) to the
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battery M and ground. This magnet /i® acts
upon the same armature-lever as the magnet
I I and in fact forms an integral part of the
relay II. Itsfunction will appear laterin the
description of operation.

Connected to the terminals 20 21 of each
plug-cord circuit 5 6 are wires 36 87, the wire
36 leading to a commutator K, provided with
an insulated segment %, and the wire 37 be-
ing divided into two branches 38 and 39,
which terminate in contact-springs 40 and 41,
respectively, and which bear upon the pe-
riphery of the commutator K. Included in
thebranch 38isabattery M%. Includedinthe
branch 89 is an alternating-current genera-
tor O.

In deseribing the operation of my system
as shown in Fig. 11 shall imagine a call to
originate with the subscriber at the left-hand
side of the figure and that he desires to con-
verse with the subseriber at the right of the
figure. I shall then follow the successive
steps which are taken both by the subscrib-
ers and the operators at the central office
from the beginning of the connection until
the subscribers have finished their conversa-
tion and the apparatus is restored to its nor-
mal condition. A subscriber desiring to call
removes his telephone-receiver from the hook
and places it to hisear. The switch ¢ ¢’ rises
under the influence of the spring r, complet-
ing the circuit of line-wires 1 and 2 through
the two halves of the secondary S of the in-
duction-coil and the wire w to ground. Cur-
rent from the battery M will then immedi-
ately flow out through the annunciator-coils
a® and the spring-jack « through the line-
wires in parallel and the annunciator will
exhibit its signal. The A operator upon ob-
serving the signal inserts the plug «® in the
spring-jack a. The immediate effect of this
isto force the springs of the jack ¢ away from
the anvils ¢’ and to connect the line-wires 1 2
to the eord-circuit 5 6 through the plug a?
The operator then depresses the plunger-
switch E by placing her finger upon the push-
button head ¢* until it occupies its lowermost
position. It will be observed that with the
plunger in this position the cord-circuit 5 6 is
broken at the terminals 11, 12, 13, and 14 and
that the operator’sset R?is connected through
the terminals 16 17, the arms e* and &% and
the terminals 15 and 18 to the plug a®. DBeing
thus placed in communiecation with the sub-
scriber she ascertains the number of the sub-

seriber with whom he desires to converse.
Having thisinformation, the operator relaxes
her pressure upon the plunger-head e?, al-
lowing the switeh to assume its midway po-
sition, where it, is detained by reason of the
engagement of the hook f’.with the projec-
tion €b. It will be observed that in order to
permit this engagement the magnet F must
be deénergized. When the plug «®is first in-
serted in the jack «, a complete circuit is
formed from the ground at the subsecriber’s
station through the wire w, through the line-
wires in parallel, through the two sides of the
plug-cord circuit 5 6 in parallel, through the
two impedance-coils 7 7, through the magnet
F, and through the wire 27 to the battery and
ground. Thus the armature fis held up and
the lamp L does not light. The same effect
is produced during the disuse of the appa-
ratus by means of the contact ¢ in the plug-
seat, the circuit then being formed through
oneside 5 of the plug-cireuit, one impedance-
coil 7, one-half of wire 28, the magnet ¥, and
the wire 27 to battery and ground. With the
plug in the jack, however, when the opera-
tor depresses the plunger-switch E for the
purpose of listening-in the through-plug cir-
cuit is broken at the terminals 11,12, 13, and
14, as before stated. This has the cffect of
decnergizing the magnet I, and but for the
terminals 9 10 in the eircuit 23 that cireunit
would immediately he closed at the contact
25 and the lamp L would light. This, how-
ever, is avoided, because when the plunger-
switch is depressed the circuit 23 is broken at
the said terminals 9 10. When the operator
relaxes her pressure upon the push-button
head e?, the plunger or spindle assumes its
midway position, as before stated. This
causes the arms ¢* and ¢° to leave the termi-
nals 15, 16, 17, and 18 and make connec-
tion with 19, 20, 21, and 22. It should be ob-
served that the switch E will remain in this

position until the called subseriber shall have .

removed his telephone-receiver from its hook
to answer the call. In this position of the
switeh the two sides of the cord-circuit 5 6
leading from the terminals .19 and 22 to the
plug a! are connected to the generator-cir-
cuit 36 37 through the terminals 20 and 21.
Now if the wanted subsecriber is upon the A
operator’s own section she would simply in-
sert the plug o' in said subscriber’s jack.
We have assumed, however, that the right-
hand subscriber shown, who is upon another
section, is the one required. The A operator
therefore inserts the plug «!in the jack b*,
pushing the plug far enough in to actuate the
switch G, closing the springs 32 against the
anvils 33, and thereby crossing her own talk-
ing-eircuit 28 with the talking-circuit 31 of
the B operator having charge of that trunk-
line. As soon as the plug «* makes contact

with the jack-springs b* current from the gen-
erator-circuit 36 37 begins to circulate through
the trunk-line 7 8, the bridge-wire 34 thereof,
and the windings . % of the relay II.

This
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relay, it will be remembered, is normally en-
ergized by the winding a'. As the commu-
tator K in the generator-circuit revolves it
throws first a direct current from the battery
M?and then an alternating current from the
generator O in alternate intervals upon the
cireuit. The alternating current has no ef-
feet upon the relay H; but the intervals pro-
duced by the commutator recur with suffi-
cient frequency to permit the battery-current
cireculating in the coils i to neutralize the
effect of the oppositely - wound coils 2’ and
thereby deénergize the relay H. Thereupon
the armature 7*is retracted and closes the
circuit 24 through the contact 26, causing the
lamp L’ to become incandescent, announcing
tothe B operator that a connection is desired
with some one on that trunk-line. Upon ob-
serving the trunk-line signal the B operator
lifts the plug b3 from its seat, and -as she is
already in connection with the circuit 28 of
the A operator, because of the actuation of
the switech G, she can immediately speak to
the A operator and receive from her thenum-
ber of the subscriber wanted. Having ob-
tained this information, the B operator in-
serts the plug 4% in the jack b of the wanted
subscriber and turns to other duties. It will
be observed that when the B operator lifts
the plug b® from its seat she breaks the eir-
cuit 34, thus stopping the current from cir-
culating in the coils ' &'. The relay H be-

comes energized, therefore, by the coils & 7,

and the armature 2?is again drawn up, caus-
ing the lamp L' to become -extinguished.
There can now be traced a complete cireuit
from the commutator K through the wire 36,

.contact - point. 21, arms &% wire. 6, plug o,

spring-jack b, wire 8, plug b% one spring of
the jack b, line-wire 4, switch-arm d, polar-
ized bell P, switch-arm d’', line-wire 3, jack
b, plug b3, wire 7, jack b%, plug ¢, wire 5, con-
tact 19, arm- e?; contact 20, wire. 37, and gen-
erator O. The generator-current is thrown
upon this circuit in short constantly-recur-
ring intervals and continues to ring the po-
larized bell P’ until the subscriber answers

the call by removing his telephone-receiver

from the hook. When the subscriber an-
swers the call, he permits the switch-arms d
d' to rise, and a circuit is immediately closed
from the ground through the battery M, the
wire 27, the magnet F, wire 28, through both
impedances 7 ¢, the wires 5 6, plug a?, jack b?,
wires 7 8, plug %, jack b, line-wires 3 4, switch-

~arms d d', the two halves of the secondary &',

and wire w to ground.  This causes the en-
ergization of the magnet I, which thereupon
attracts its armature f, disengaging the hook

6o f' from the projection 5 permitting the plun-

65

ger-switch E to be retracted by the spring €2,
so that the push-button head ¢? rises to its
norrmal position’ and notifies the A operator
that the called subscriber has answered. As
the relay H is dependent for its energizing-
current upon the battery M2 so long as the
called subscriber has not answered of course

‘erator’s talking set RS

ot

this retraction of the plunger-switch E and
the consequent removal of the battery M?
from the circuit would cause the armature /2
to retract and falsely signalize the B operator
were it not for the winding 23, which is pro-
vided for this express purpose. Thus when
the called snbscriber takes his telephone-
receiver off the hook, closing the circuit
through his wire <, current flows from the
battery M, through the wire 35 and the wind-
ing h3, as well as the winding %, and the im-
pedance-coils ¢ 7' out upon the line-wires in
parallel. This keeps the magnet h® energized

“and retains the armature h? in its attracted

position so long as the conversation is pro-
ceeding. During the conversation the posi-
tion of the parts and the condition of the
lamps L L' remain the same as in their con-
dition of disuse-~that is to say, as shown in
Fig. 1, of course, with the exception that the
plugs remain in the jacks. When, however,
both subseribers have finished their conver-
sation and have hung up their receivers cir-
cuit through the wires w 1w is intefrupted.
Inasmuch as both the magnets F and H are
dependent for their energization during the
conversation on this ecireuit, it is apparent
that they will both allow their armatures to
retract, thus closing both lamp-circuits I 1./
and notifying both operators that disconneec-
tion is desired. Upon receiving this notifi-
cation. both operators withdraw their plugs
and the parts reassume the normal position
shown. _ ’
It frequently happens that unforeseen con-
tingencies arise, so that the course of a con-
nection and disconnection between subserib-
ers is not as smooth as outlined above. I
have provided, however, for ordinary con-
tingencies as follows: It frequently happens
that the called-subscriber’s line is already
busy. In the present system this does not
become known until the B operator, having
received her orders from the A operator, en-
deavors to insert the plug §%in the jack b and
finds another plug already there. In such a
case it becomes necessary for her to inform
the calling subscriber of the state of affairs.
For this purpose I provide a jack B, which T
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call the ‘‘busy” jack, the springs of which

are connected to the circuit 31 and the B op-
Upon finding that
the wanted subscriber is busy the B operator
simply inserts the plug b° in the jack B,when
she is enabled toinform the calling subscriber
directly that the line called is busy. In so
doing it becomes necessary that the plunger-
switch E should be released in order that the
plug-cord circuit may be reunited at the con-
tacts 11 12 and 13 14, Otherwise the B oper-
ator could not talk through to the subsecriber.
For this purpose I provide a ground-tap 360,
leading from the middle point of the winding
of the B operator’s induction-coil or'from the
middle point of the B operator’s telephone-
receiver, as shown in Fig. 1. This ground-

tap 360 produces thesame effect when the plug
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0? is inserted in the jack B that the wire «
does when a subseriber answers.

In case a B operator should not have re-
ceived her instructions correctly or should
not have heard them at all it is necessary to
provide her with means for calling back to
the A operator. It is the function of the
switeh G to do this, which when actuated by
the BB operator crosses her circuit 31 directly
with the A operator’s circuit 28 and enables
them to communicate. After she has in-
serted the plug 0® in any jack b the B oper-
ator can no longer communicate with either
subscriber. If, therefore, the wanted sub-
scriber should not answer, the B operator will
not be aware of that fact. [t will be noticed,
however, that the A operator will be aware of
it, because the plunger-switch E will remain
depressed. If this continues for any length
of time, she withdraws the plug a! from the
jack b*and depressing the button e*to itslow-
ermost position informsthe calling subsecriber
that no answer can be obtained. Assoon as
the plug ! is removed from the trunk-jack
the relay IT will be deénergized, its armature
will retract, the lamp L will light, and the B
operator, obscrving this as a clearing-out sig-
nal, will remove the plug L%

Referring to Figs. 2 and 3, the plunger-
switch E is shown full size. It consists, es-
sentially, of a frameé’, of metal, carrying the
bloek of insulation e%; both the frame and
block being centrally bored to receive the
spindle or plunger e. The cross-head ¢’ car-
ries the arms ¢! and ¢°; which as the plunger
is reciprocated make and break contact with
the various spring - terminals. The cross-
head €' is of hard rubber preferably and slides
in anorifice ¢'% cut in the rubber block. The
arms ¢! e® travel in opposite parallel depres-
sions ¢%. In the diagram the projection e is
shown at the lower end of the spindle. In
practice, asseenin Figs. 2 and 3, it is mounted
at about the middle point and forms an abut-
ment for the spring e°.

TFigs. 4 and 5 show the relay 11 as it actu-
ally appears. It will be observed that the
two magnets I b and 7 1)® are placed side by
side and act upon the samearmature 2. The
two impedance-coils 2’ ' are wound upon the
same core and for convenience are mounted
on the same support as the relay.

IFig. 7shows the cireuits at the subscriber’s
station as they are actually wired up in prac-
tice, the arrangementillustrated in Fig. 1 be-
ing adopted in order to render the diagram
simple. In Fig. 7 the line-wires 1 and 2 are
connected to theswitch-armsc ¢/, which when
the telephone-receiver is hung up complete

the metallic eirenit through the polarized bell
', When the receiver is removed from the

hook, the bell-civeuit is opened and the line-
wires 1 and 2 are connected to the wires y z,
leading to the secondary winding S of the in-
duction-coil and to a balancing resistance Rh,
respectively. IFrom the secondary and the
/ lead to the receiver R,

resistance wires ¢’ z

the middle point of whose winding is con-
nected to ground through the wire w. The
primary circuit through the transmitter T,
the local battery, and the primary p is also
closed at the same time. By this arrange-
ment I obtain a balance between the two sides
of the line without either bridging the re-
ceiver or using expensive form of double-
wound induction-coil, with the receiver in-
cluded between the two halvesof its winding.
A perfeet balance is required, and perhaps
the greatestadvantage of the present arrange-
ment lies in the fact that to obtain that bal-
ance I have only to insert a resistance at R
of sixteen ohms instead of the much higher
resistance of the receiver as ordinarily used.
Thus the current flowing from the common
battery M through the line-wires in parallel

finds a path of lower aggregate resistance,

the joint resistance of the two branches at
thesubscriber’sstation beingonly eight ohms.
I am not aware that this has before been ac-
complished without specially-prepared and
expensive apparatus. :

Having thus deseribed my invention, what
I claim, and desire to secure by Letters Pat-
ent, is—

1. In a telephone-exchange system, a cen-
tral-office switchboard carrying subseriber’s-
line terminals, operator’s connecting lines or
cords adapted to be fitted to the subsecriber’s
terminals to eonneect calling and called lines,
a switch for each operator’s line or ecord hav-
ing a set of normally-open contacts adapted
to be closed, when the switch is actuated, to
connect the operator’s telephone to the call-
ing-subseriber’s portion of said line or cord,
and having other contacts normally closed to
preserve the continuity of the cord-circuit,
but adapted to be opened when said switch
is actuated; and means under the control of
the called subscriber to restore said switch
to itsnormal position, whereby whenan oper-
ator has once communicated with the calling
subsecriber she loses control of the connected
lines, and cannotagain connect hertelephone
in the circuit without interrupting the con-
versation, substantially as deseribed.

2. In a telephone-exchange system, a cen-
tral-office switchboard carrying subscriber’s-
line terminals, operator’s connecting lines or
cords adapted to be fitted to the subseriber’s
terminals to connect calling and called lines,
a switch for each connecting line or cord
adapted to separate the same into two por-

tions, connecting an operator’s telephone with -
bl o l

that portion leading to the ecalling-sub-
sceriber’s terminal and a source of calling-cur-
rent to the portion leading to the called-sub-
scriber’s terminal; and means controlled by
the called subsecriber to restore said switch
and again complete the line for conversation,
substantially as described.

3. In a telephone-exchange system, a een-
tral-office switchboard divided into seetions
cach carrying the line-terminals of a numboer
of subseribers, connecting lines or cords at
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each section and trunk-lines interconnecting
theé sections, 'a switch for each connectmcr-
cord adapted to break the cord-circuit and
connect an operator’s talking and calling ap-
paratus to the severed portions, means for
connecting the calling portion. of said cord-
circuit throngh any trunk-line with an. oper-
atoratthe terminalsection thereof,and meéans
controlled alike by the called subscriber or by
the last-named operator to restore the cord-
switch and renew the continuity of the talk-
ing-cireuit, substantially as described.

4. In a telephone-exchange system, sub-

seribers’ lines terminating on a switchboard,
connecting cords and plugs at said board, a
switch for each cord consisting of a-movable
part which when actuated breaks the cord-
circuit and connects the operator’s talking
and calling apparatus to the severed portlons
thereof, and a magunet.controlling the return
of said movable part, said magnet adapted
to be energized through the called line only,
subqtantlally as desembed

5. Inatelephone-exchangesystem, abwnch—
board cord-circuit LermmamnOF in eonnectw
means, and a switch therein, beal'_ing a set-of
normally-closed terminals keeping the cord-
cireunit intact, and normally-open generator
and talking-set terniinals, a manually-oper-
ated switch arm or arms adapted to open the
said closed terminals, thereby breaking the
cord-cireuit, and to elose the open t,ermmals
thereby connecting the generator and talk-
ing set with the severed portions of the cord,
and with the respective terminal connective
means, and a lock for said arms adapted to
be released from a called line only, snbstan-
tially as described. v

6. Inatelephone-exchange system,aswitch-
board divided into sections, subscriber’s-line
terminals grouped upon. each section, con-

necting lines or cords at each section, and

trunk-lines interconnecting the sections, a
combined ringing.and listening key or switch
for each connectlnv cord, which in its opera-
tion severs the c01d cwcmt a magnetic lock
for said ringing key or sw1tch 1neluded in a
circuit terminat.ing at a circuit-closer in the
called-subscriber’s station, and means con-
trolled by the frunk-line operators for cios-
ing the same circuit and actuating said mag-
netlc lock, substantially as descmbed

7. Ina telephone exchange system, a cen-
tral-office switchboard dwlded into seetlons,
subseriber’s-line terminals grouped upon each
section, connectiug cords and plugs at each
seemon and tr unk lines interconnecting the
sections, a switch for each cord-cireuit Whlch
when actuated severs the cord-cireunit and
connects the answering-operator’s listening
and calling apparatus w1th the severed por-
tions thereof a lock adapted to retain said

‘switeh in its actuated position, a magnet to

control the said lock, the cirenit of said mag-
net leading from the ground to both sides of
the calling end of the cord-circuit -through

bridged impedance-coils, a source of current
in said ground-eircuit, and means provided
both at the called-subseriber’s and at the
trunk-operator’s apparatus whereby a doable
ground is connected with the line to complete
the cireuit of said magnet whenever either of
their respective talkmcr circuits is switched
in, substantially as descx'ibed. ‘

8. A switch, consisting of a block of insu-
lating material centrally bored and having
upon opposite faces parallel depressions, con-
tact-springs carried upon the block and ex-
tending over said depressions, a spindle or
plunger fitted to reciprocate in the central
bore, and arms carried by said spindle and
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traveling in the depressions, substantiallyas

described. ]

9. A switch comprising the following in-
strumentalities, viz., a frame, a block of in-
sulation mounted upon said frame and pro-
vided upon opposite faces with parallel de-

35

pressions, contact-springs mounted upon -

sald insulation and extending over the de-
pressions therein,.a central spindle carrying
arms adapted to reciprocate within said de-
pressions, a magnet and its armature mount-
ed upon the frame, and a projection on.the
spindle and a codperating eatch upon the ar-
mature, whereby the magnetcontrolsthe posi-
tion of the arms, substantially as described.

10. In a telephone-exchange system, a cen-
tral-office switcliboard carrying subscriber’s-
line terminals, connecting plugs and cords at
said boards, a switeh for each cord adapted

‘to be manually operated, to connect an oper-

ator’s set and a calling-generator to the re-
speetive connecting-plugs, a projection upon
the movable part of said switch, an armature
carrying a cooperative catch, a magnet act-
ing upon said armature when energized, a
source of current-supply connected to said
magnet by the operation of the switeh, and
means at each subscriber’s station to com-
plete the cireunit from said source of eurrent,
thereby energizing the magnet and restoring

_the switeh to its normal or inoperative posi-

tion, when a call is answered, substantially
as described.
11. In a switch the combination of the fol-

lowinginstrumentalities, viz.,a frame, a block

of insulation mounted upon said frame and
provided upon opposite faces with parallel de-

-pressions, a central reciprocating spindle or

plunger passing through said frame and block,
and provided at one end with a push-button
and at the other with cross-arms working in
said depressions, a spring adapted to main-
tain the spindle or plunger normally in one
position, a magnetically-controlled latch for
holding it in another position, different cir-
cuits being closed by the plunger-arms in
their two positions, whereby the position of
the push-button may be utilized as a signal
to indicate the changing of the cireuit, sub-
stantially as described.

12. A switeh comprising the following in-
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strumentalities, viz., a frame, a block of insu-
lation ecarried upon said frame, three sets of
springs upon said block, a central spindle or
plunger ecarrying arms adapted to cooperate
with said springs, manually-operated means
to cause the arms to assume one position with
regard to the springs, a spring and a detent
to cause the arms to assume and maintain a
second position, and a magnet mounted upon
theframe and adapted to release the detent
and permit the arms to assumé their third
position, substantially as described.

13. Inatelephone-exchangesystem,a trunl-
line conneecting two switchboard-sections and
terminating in a jack at one section, and an

_instruction-circunit permanently connected to
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the operator’s set at one section and passing
thence to-the other section, and means in the
trunk-jack actuated upon the insertion of a
plug to connect the operator’s talking set at
said other section to said instruetion-cireunit,
substantially as described.

14. In telephone-exchange systems,aswitch-
board divided into sections, trunk-linesinter-
connecting said sections, each trunk-line ter-
minating in a plug, a relay included in a cir-
cuit of high impedance bridged across the
two sides of said trunk-line, a loeal cireuit
including a signal adapted to he closed upon
the deénergization of said relay, and an extra
winding upon the relay included in a local
eircuit connected with a battery and a cir-
cuit-closer in the trunk plug-seat, whereby
said relay is maintained active during the
disuse of the apparatus, substantially as de-
seribed.

15. In a telephone-exchange system, di-
vided switchboard-sections, metallic trunk-
linesinterconnecting the same,and a relay for
each trunk-line, each relay consisting of two
magnets acting upon the same armature, the
first magnet provided with a normally-closed
winding controlled by the adjacenttrunk-ter-
minal, and a second winding bridged across
the two sides of the trunk-line, and the other
magnet having a single winding connected in
a circuit leading from the central point of the
second winding of the first magnet through a
battery to ground, and alocal ecircuit contain-
ing a supervisory signal adapted to be closed
upon the deénergization of the entire relay,
whereby with the apparatus in a position of
disuse a signal remains undisplayed, becom-
ing displayed when connection is made with
the trunk-line so as to throw current through
the second winding of the first magnet, to be
restored by a change in the posifion of the
trunk-terminal and theneeforth to remain
under the control of the subseribers during
conversation, substantially as described.

16. In a telephone-exchange system, di-
vided switchboard-sections, plugs and con-
necting-cords for each section and trunk-lines
interconnecting the sections, a generator-cir-
cuit adapted to be connected through the

646,602

corvd-circuit with any trunk-line, means in-
cluded in said generator-cirenit for throwing
alternately direet and alternating current
upon the circuit, a signal connected in the
trunk-line circuit and responsive to direct
current, and a-signal at each subseriber’s sta-
tion responding only to alternating current,
substantially as described.

17. In a telephone-exchange system, di-
vided switechboard-sections and trunk-lines
interconnecting the same, a signal-relay for
each trunk-line comprising a differentially-
wound magnet, one winding of which is in-
cluded in a local circuit containing battery
and a cireunit-closer operated by the trunk-
plug, and the other winding of which is in-
cluded in the trunk-circuit, and means for
throwing onto the trunk-circuit in the act of
connecting therewith current of sufficient
strength to neutralize the effect of the wind-
ing through which current is normally cirecu-
lating, whereby the relay will be operated by
deénergization upon making connection with
the trunk-line and will be restored by being
again energized when said connection is
broken or the trunk-plug removed from its
seat for the purpose of connection with a sub-
seriber’s line, substantially as described.

18. In a telephone -"exchange system, a
switchboard,subseriber’s-lineterminalsthere-
on, connecting cords and plugs for the same,
listening and ringing switches adapted to be
manually operated and magnetically released,
and supervisory signals for the cord-cirenits,
a relay connected to each cord-circuit for con-
trolling the listening and ringing switches
and also the circuit of the supervisory signal,
said relay adapted to be energized while sub-
seribers’ circuits are connected, and means
in the seat of one plug of the cord for elosing
circuit of said relay, whereby both the switch
and the supervisory signal are rendered in-
operative while the plug is in its seaf, sub-
stantially as described.

19. Inatelephone-exchange system, a sub-
scriber’s metallic circuit having both sides
normally connected through an annunciator,
upon a switchboard at a ecentral office, and
through a main source of current to ground;
connective circuits and supervisory signals
connected therewith and adapted to be placed
under the control of the subscriber during a
connection; a switch at the snbscriber’s sta-
tion adapted normally to disconnect the line
trom the ground, but when the line is in use
to connect the two sides thereof to ground
through two equal divisions of the windings
of a telephone-receiver, an induction-coil at
the subscriber’s station having its primary
winding included in a local circuit with the
subseriber’s transmitter, and its secondary
winding included in a line-circuit, between
the receiver and the switch, on one side of
the receiver; together with a balaneing re-
sistance equal to said secondary winding in-
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cluded in the circuit on the other side of the In witness whereof I have hereunto set my
receiver, substantially as described, wﬁere- hand and seal this 4th day of June, A. D. 1898.
by although current is flowing through the -

line-wires in parallel at all times after the re- WM. D. GHARKY. [L. s8]
ceiver is taken up for use, it is kept balanced Witnesses:

and no disturbing noises are apparent in the E. E. CLEMENT,

receiver. MORTIMER A. JONES.




