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To all whom it may concermn:

Beit known that we, EDWARD E. CLEMENT,
residing in Washington, Distriet of Colum-
bia, and WiLLiAM D. GHARKY, residing at

5 Philadelphia, Pennsylvania, citizens of the
United States, have invented an Improve-
ment in Telephone-Exchange Systems, (No.
6,) of which the following is a specification.

Our invention relates to telephone-ex-

1o change systems wherein subscribers’ lines
convergeto a common pointor common points
and are there adapted to be connected with
each other, as required, by means of fixed and
movable terminals upon a switeh board or

15 boards. It hasparticular reference to sys-
tems of this general character wherein the
connection of some or all of the subseribers’
lines in pairs, as desired, is accomplished by
means of trunk-lines—that is, divided cen-

20 tral systems.

The object of our invention is to improve
and simplify the apparatus requiredfor such
systems, and in particular to improve and
simplify the apparatus and operation of our

25 prior systems described in applications now
pending, Serial Nos. 689,119 and 689,120,

The subseribers’ cireuits and their signal-
ing and terminal apparatus at the central of-
fice are substantially the same in the present

30 case as in the prior systems; but the connect-
ing cord-circuits are different and the super-
visory signals are arranged in an improved
manner. In the present system meansin the
cord-circuit under the control of an answer-

35 ing operator breaks the connection between
the answering and the calling plug and at the
same time connects a restoring device and a
supervisory signal to the ealling-plug ends.
‘When the answering operator makes connec-

40 tion with a trunk-line, a signal is energized
to call the attention of the proper calling op-
erator, and when the latter completes the con-
nection with the desired line the answering
operator’s supervisory signal apprises her

45 thereof. When the called subscriberanswers,
she isfurther apprised of the fact, and, more-
over, the through circuits are automatically
completed.

Other features of improvement exist, which.

will be pointed ouat in the description and so
claims.

- Our invention is fully illustrated in the ac-
companying drawing, wherein the same let-
ters and numerals designate the same parts
throughout, and the figure is a diagrammatic 55
representation of the cirenits and apparatus
of our system. .

Referring to the drawing, X is a subserib-
er’s stalion provided with the usual trans-
mitter - receiver, eall - receiving device, and 6o
switch. As thereisnothing unusnalinthese
parts, we have designated them in a general
manner only. I indicatesthe secondary coil
of the induction-coil. % is the switch-hook.
The other parts are related to these in the 635
common way. Y is a second station having
the same apparatus, illustrated as an indue-
tion-coil I’ and a switeh-hook A/, with a re-
ceiver thereon, the call presumably not hav-
ing been given or answered. Ground con- yo
nections 12and 1112 are provided at the sub-
scriber’s stations to be completed when the
hooks k and %' rise for signaling. From the

"substations line-wires 3 4 and 9 10 proceed to
the central station, where they terminate, re- 75
spectively, in jacks J and J', each with con-
tact-springs j and j' and extra contacts s
and s, operatively connected to springs j'.
Bridged across the lines outside of the jacks
are impedance-coils C and C', from the mid- 8o
dle points of whose windings wires 5 are led
to coils @ of the annunciators A and A', re-
spectively, the circuit further proceeding in
each case by wire 6 to main battery M and
ground. We have indicated the ground 8j
throughout the present case by a short curved
line—for example, as at z, station X. Each
line-annunciator is provided with a second
differential and balancing winding, whichis
designated by the letter o’. It is connected go
on one side to the wire 6 and on theother by
wire 8 to contact s, and when the plug P is
inserted in jack J by contact s', wire 7 to re-
sistance RN and to ground. The resistance
R7 is inserted in orderthat the current pass- 95
ing through the coils o' may be reduced to ap-
proximately the amount that is taken by coils

a. In some cases it maybenecessary to sub-
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stitute individual resistances in the several
lines for this common resistance—i. e., where
theline resistances vary widely.

The operator’s connecting-circuits include
the plugs P and P’ and conductors—in prac-
tice flexible cords—19 20 21 22. The plugs
are of any good design, this not being mate-
rial to our invention. The plug P, however,
is preferably provided with extra rings to
make connection to the terminals p of the op-
erator’s circuit 13 14, as fully set out in our
prior applications.

Inserted in the cord-cireuit is a switching
device B,havingan actuating-spindle b,which
mayterminatein a push button head; asillus-
trated, or may be operated through the agency
of a lever or otherwise. This switching de-
vice is shown in its normal position, with the
cord-circuits 19 21 and 20 22 connected. It
has two other positions—the first when the
spindle is partly depressed and the second
when it is depressed as far asitwill go. The
spindle carries cross-arms ', of conducting
material, insulated from each other and con-
nected to the forward cord-sections 21 92.
The intermediate contacts Il are connected,
respectively, toa signal I and ground and to
a magnet-winding m and by wire 23 to main
battery and ground. The lowest contacts 0°
V% are connected to the two sides 15 16 of the
cireuit of a generator G of alternating eur-
rent.

On the end or at any other convenient por-
tion of the spindle » a hook or detent 1®is
provided, which is adapted to engage with a
corresponding hook or detentm’ of the arma-
tureof magnet m. Theposition of the parts
is so regulated that when the spindle is de-
pressed the detents will engage, and when
the spindle is released the cross-arms b’ D
will remain on the contacts 2° until the mag-
net m is energized, when a spring b? will ro-
store the switch to its normal position.

17 18 are the sides of a trunk-line termi-
nating at an answering-section of switch-
board in a spring-jack J2and at acalling-sec-
tion in a plug P2 The plug P? is provided
with extra rings connected to its sleeve and
tip, respeectively, and substantially as de-
scribed in our prior cases referred to, which
when the plug is in its seat make contact
with springs p? p? forming the terminals of
a circuit containing a signal, shown as a
Iamp L/,

The operation of our system as thus de-
seribed is as follows: Suppose subseriber X
desires connection with subscriber Y. He
removes his receiver from the hook 7, which
thereupon rises and completes the signaling-
circuit from ground through wire 1, hook h,
wire 2, the two halves of the induction-coil I
in parallel, the two line-wires 3 4 in parallel,
the two halves of the coil C in parallel, wire
3, coil a, wire 6, battery M, and to ground.
Current from the battery M immediately
flows to line, and the coil ¢ energizes the an-
nunciator-magnet A, which apprises the op-
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erator at that section of X's call. She re-
sponds by inserting the plug I’in the jack J.
The first effect of this is to cause spring s to
close on contact s, whereupon the second
coil @' of the line-annunciator will receive
current through the circuit traced from
ground to main battery M, wire 6, winding «/,
wire 8, contacts s and s, wire 7, to resistance
R7, and to ground. This neuatralizes the ef-
fect of the winding ¢ on the magnet A and
causes the line-signal to be forthwith retired.
As the listening set O of the operator is con-
nected to the jack J, as soon as she inserts
the plug by reason of the connection hetween
springs p p and plug P’ she can immediately
ask forthe required number. Having ascer-
tained this, if it is upon her own board she in-
serts plug I'in the proper jack and depresses
the spindle b into calling position; but as we
have assumed that X wants Y and as Y is on
another board-section the operator inserts the
plug P'in the jack J?of the proper trunk-line
to reach the board upon which Y’s terminal
isJocated. Assoon as the plug is in the jack
J¥she depresses the spindle b and lets it stand
as it is—that is, with the detent holding it in
the intermediate position. The first cffeet of
this is to break the cord-cirenit completely in
two. The second is to connect the signal T,
and the magnet e to the forward plug, a com-
plete circuit being formed, as follows: from
ground to battery M, wire 23, magnet, m1, con-
tact U7, cross-arm 1’, cord conductor 22, plug
P’, trunk-wire 18, plug %, spring P, signal
L', spring p*and plug P? trunk-wire 17, plug
D', cord conductor 21, eross-arm b, contact
U, and signal L to ground. Current from bat-
tery M, flowing through this circuit, causes the
display of both signals T,and I, but does not
cnergize the magnet m, because its resistance
is so low or its number of turns so few that
the ecurrent it gets with the lamps in series
with it is insufficient. The operator at the
second board perceiving the signal I talks or
receives instructions from the answering op-
eratorover a separate instruction-cireunit (not
necessary to be here shown) and having ascer-
tained the number desired picks up the plug
P? and inserts it in the jack of the subseriber
Y. As soon as she picks the plug up from
its seat the cireuit of the signals L and 1. is
obviously broken and the first or answering
operator sees her lamp go out, thus having
indicated to her that the connection is about
to be completed. If, on the other hand, the
other operator neglects the call, the first girl
is apprised of the fact by her lamp L staying
bright for too long a period and can further
instruct the recalcitrant operator. As soon
as the plug is inserted in the desired jack J’
the eirenit through the parts L and m is again
completed, the current passing through coil
C’.  This flowof current can either again en-
ergize signal L, but not magnet m, or it can
be regulated by suitably raising the resist-
ance of the coil ¢/, so that once the lamp I
has gone out it remains dark. We do not
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limit ourselves to either mode of operation in
this particular. One thing, however, is ab-
solutely essential—that the resistance of C'
must be high enough to prevent sufficient cur-
rent to pass for the energization of magnet
m. When the subseriber Y answers the call,
a low-resistance path is closed for the current
from M through wire 23, magnet m, contact
1%, cross-arm ', conductor 22, trunk-wire 17,
line-wire 9, induction-coil I', wire 11, hook 7/,
and wire 12 to ground. The current in this
circuit immediately energizes the magnet m,
and it attracts its armature, releasing the de-
tent b® and permitting the spindle b to as-
sume the position shown in the drawing, thus
reuniting the cord-circuit and completing the
connection of the subscribers. Afterthe first
operator becomes aware, by the extinguish-
ment of herlamp L, that the plug P? hasbeen
lifted and inserted in the jack J' she sends
calling-current to line by depressing the spin-
dle to the limit of its movement, which brings
the cross-arms into contact with the terminals
of the generator-circuit. She knows when
the subsecriber has answered for the reason
that the spindle b remainsin its intermediate

position until such answer has taken place

and afterward assumes the normal position.
The lamp or signal L and the lever or button
of the spindle therefore serve to keep the first
or answering operator fully cognizant of the
status of affairs. Shecan thereforebe charged
without injustice with the duties of calling,
as well as answering calls. This makes the
apparatus at the second or calling operator’s
table very simple and consolidates both ap-
paratus and duties.

It must be obvious that the apparatus here
described as in the cord-ecircuit could be
used in a system very different from that
with which it is here shown, and we reserve
the right to vary this use, and we consider
that we may change many of the details and
some of the connectionsdescribed withoutde-
parting from the spirit of the invention.

Having thus described our invention, what
we claim, and desire to secure by Letters Pat-
ent, is— .

1. Inatelephone-exchangesystem,aswitch-
board, subsecribers’lines terminating thereon,
operators’ connecting-circuits adapted to con-
nect any of said lines for conversation, and
signals for said circuits, together with means
for interrupting each of said operators’ cir-
cuits when a connection is initiated there-
through and connecting a source of current
and a signal, respectively, to the portions of
said cireuitleading to the called line, substan-
tially as described.

2. Inatelephone-exchangesystem,aswitch-
board, aseries of subscribers’ lines having ter-
minals thereon, operators’ normally-continu-
ous cord-cireuits for connecting said lines as
desired, a device in each cord-cireuit for sev-
ering it into two portions, an answering and
a calling portion, when a connection has been
initiated,asignalandarestoring device adapt-

ed to be connected to the called line, and
means whereby the called subseriber, in re-
sponding to the call, causes a change in the
signal and simultaneously restores the con-
tinnity of the circuit, substantially as de-
scribed.

3. Inatelephone-exchangesystem,aswitch-
board, subseribers’ lines terminating thereon,
operators’ normally-continuous connecting-

eircuits therefor, means for severing each con--

necting-circuitintoan answeringand a calling
portion when a connection is initiated there-
through, a signal device for each circuit, and
means controlled by the called subscriber in
answering the call to produce a change in
said signal and also to restore the continuity
of the through-circuit, substantially as de-
seribed. '

4. Inatelephone-exchangesystem,a switch-
board, subseribers’lines terminating thereon,
connecting cord-circuits therefor, a ringing-
key and a signal for each circuit and a gen-
erator of calling-current for all the circuits,
each ringing-key constructed and arranged
when operated, first, to sever the said cireuit,
second, to connect the generator with the for-
ward or calling portion thereof, and third to
disconnect said generator and eonmect the
proper signal, substantially as described.

5. In a telephone-exchange system, a cen-
tral office, subseribers’ lines having terminals
therein, connecting cord-circuits therefor, a
switeh for each circuit adapted when operated
to sever the circuit, a signal associated with,
and a detent and restoring device for, each
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switch, constructed and arranged tobe placed .

thereby under the control of the called line,
and calling-generator terminals so associated
with the switeh that the signal and restoring
device are disconnected while the generator
is connected, substantially as described.

6. In a telephone-exchange system, a cen-
tral office, subseribers’ lines having terminals
therein, and each provided with a high-re-
sistance cross or bridge, operators’ cord-eir-
cuits, a switeh for each cord-cireuit construct-
ed and arranged when operated to break its
continuity and then to be held, a signal and
a restoring-magnet for each switch, of such
relative resistances that when placed in se-
ries with the line-bridge the signal will oper-
ate but the restoring-magnet will not, and
means controlled by a called subseriber to
close a low-resistance path to line fo permit
the restoring-magnet to release the switch and
restore the continuity of the circuit, substan-
tially as described. :

7. In a telephone-exchange system, sub-
seribers’ lines, eonnecting cord-cireunits there-
for provided with continuity switchés and sig-
nals, each switch provided with a detent to
hold it when actuated, and a magnet control-
ling the same, the whole so arranged that the
actuation of the switch connects the detent-
magnet, the signal, and a suitable source of
current in series with each other and a called
line, and means controlled by the called sub-
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scriberin answering the call to shunt the sig-
nal with a path of lower resistance, whereby
the magnet is energized and the continuity of
the cord-circuit restored, substantially as de-
seribed,

8. Inatelephone-exchangesystem,aswiteh-
board, subsecribers’ lines having terminals
thereon,and operators’ cord-circuits,cach pro-
vided with a switch, a detent therefor, and a
signal, so arranged that the signal may be
connected through the switch to a called line,
and the called subseriber in answering will
release the switch, substantially as described.

9. Inatelephone-exchange system, divided
switehboards at the same or different central
stations, subscribers’lines terminating there-
on and connecting cord- circuits therefor,

- trunk-lines interconnecting the switchboard-

sections, each provided at one end with a
spring-jack and at the other with a plug and
a signal; a switch, a detent, and a releasing-
magnet therefor, together with a supervisory
signal, for each cord-éircuit, and means con-
trolled DLy a called subscriber to energize said
releasing-magnet, whereby an answering op-
erator may transfer a call over a trunk-line,
and by the act signal the trunk operator, the
trunk operator may by the act of completing
the connection signal the answering operator,
and the called subscriber in answering the
call, may also signal the answering operator
and at the same time restore the switch and
signal mechanism to.a normal position, sub-
stantially as described.

10. Ina telephone-exchangesystem,divided
switechboards, subseribers’ lines terminating
thereon, connecting cord - circuits therefor,
and trunk-lines interconnecting the boards,
each trunk-line having at its advance end a
signal conneeted only when the line is not in
use, and each cord-circuit having a switch, a
detent and releasing device therefor, and a
supervisory signal, all so arranged that when
& transfer connection through a trunk-lineis
made the signals are brought into circuit with
each other, and when the connection is com-
pleted the trunk-signal is removed, and the
switch and supervisory signal are placed un-
der control of the called subseriber, substan-
tially as described. ‘

11. Inatelephone-exchangesystem,divided
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switchboards located at the same or different
points, subseribers’ lines terminating there-
on, connecting cord - eircuits therefor, and
trunk-lines interconnecting the boards; a su-
pervisory signal-and a switeh together with a
detentand releasing-magnet therefor,for each
cord-circuit, and an advance signal normally
connected to the forward end of the trunk-
line, the connections being such that when
the cord-switch is operated the supervisory
signal, the advance signal and the releasing-
magnet with a suitable source of current, are
placed in series to allow the display of the
signals without the energization of the mag-
net, means in each subseriber’s line to main-
tain this condition after the completion of the
connection and further means under control
of the subseriber to permit the magnet to op-
erate, substantially as described.

12. In a telephone-exchange system, a
switchboard having an answering and a call-
ing section, subscriber’s-line terminals upon
or within reach of each section, cord-circuits
therefor, and a trunk-lineinterconnecting the
sections; a switch in each cord-eircuit nor-
mally maintaining the continuity thereof but
adapted tosever the same when actuated and
provided with a detent and releasing-magnet,
a signal and a battery connection adapted to
be completed to a severed portion of the cir-
cuit by the switch, an advance signal for the
trunk-line energized by said battery when
thus connected, and means under the control
of a subseriber to energize the releasing-mag-
net when a call is answered, substantially as
described.

13. In atelephone-exchange system, a cen-
tral office, subsecribers’ lines terminating
therein, connecting circuits therefor, means
for severing the same when connections are
initiated therethrough, and signals adapted
to be thereby connected to the said severed
circuits, substantially as described.

In testimony whereof we have hereunto set
our hands in the presence of two witnesses.

EDWARD E. CLEMENT.
WM. D. GHARKY.

v

Witnesses:
MoORTIMER A. JONES,
WALTER J. MULLANEY.
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