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To all whom it inay concern: |
Beit known that we, WILLIAM D. GHARKY,
residing in the city and county of Philadel-
phia, State of Pennsylvania, and EDWARD E.
5 CLEMENT, residingin the city of Washington,
District of Columbia, citizens of the Unifed
States, have invented certain new and useful
Improvements in Telephone-Exchange Sys-
tems, of which the following is a specification.
Our invention relates to systems for tele-
phonic interconnection wherein a central of-
fice or offices is or are provided, subseribers’
lines radiating therefrom to substations,
where they are provided with telephonic and
15 signaling apparatus.

The mventmn relates particularly to such
systems of this character as are known as
‘“divided” central or trunking systems, and
1t constitutes an improvement upon the par-

IO

20 ticular system described and claimed in our |

jointapplication forpatent, Serial No.689,119,
filed August 20, 1898. .According to the in-

vention set forth in said application conver-

25 cuit, while signaling is simultaneously per-
1n1tted to be carried on over multlpled or
phantom circuits.
necting and disconnecting subscribers are
performed by two (2) sets of operators called,

30 respectively, for convenience, *“A” and “B”
operators. Hach A operatoris provided with

terminal plugs and communicating cords

therefor which she uses in the ordmal} way
for interconnecting subscribers upon her own
35 section. KachDB operator, on the other hand,

devotes her entire time and attention to fin-

ishing econnections which have been trunked

by the answering A operators at their sec-

tions—that is to say, the I3 operators attend
40 to the completion of trunk-calls and to those
only, while the A operatorsattend toall other
business. In order to permit the A opera-
tors to keep track of the condition of thelines,
cerfain supervisory signaling means are pro-
45 vided. In the application aforesaid said
means consist in a polarized relay.

to apprise the B operators of connections ini-
tiated on the trunk-lines of the A operators,
trunk-signals have been used. These trunk-
so signals receive the current from the main

The various steps in con-.

In order

F'

swering-plug circuit.

source through the calling-jack and the an-

' In order to prevent
this current from operating the supervisory
signal before referred to, the expedient of po-
larization wasadopted. Theprincipalchange 55
in the construction thus deseribed, which con-
stitntes the improvement to be covered in the
present application, is the abolition of indi-
vidual trunk-signals and the consequent per- .
missible reduction of the polarized supervi- 60
sory relay to a simple ordinary low-wound re-
lay. In place of the individual trunk-sig-
nals we use in the present system individual
operator’s signals, each of which is ecommon

to a number of trunk-terminals. These are 65
arranged to be operated whenever the oper-
ators’ convelsatlon circults are crossed with-

out any especial act or thought on the part

of elther operatm _

Our invention is fully illustrated in the ac- 0
companying drawings, wherein like letters
and figures of reference refer to the same

‘parts throughout
sation is carried on over metallic or series cir- |

In said drawings, ]310'1116 1 1s a diagram-

matic view of the cireuit connections of two 75

subscribers whose line-terminals are located
upon different switchboard-sections. Fig. 2

is a detailed view of the circuit at each sub-
scriber’s station. Fig. 3 is a diagram of the
circuits of a number of operators, showing 8o
theirsignals. Fig. 41is a diagram illustrating
the use of a Wheatstone bridgein the signal-
ing-circuits.

Refer ring to Fig. 1, X and Y are two sub-
seribers’ sbatmns, each provided with a com- 8s
plete telephone set comprising the usual
transmitter and receiver. From the middle
point of the windings of the receiver A wire
g 18 led to the ground and the receivar-wind-
ings are interposed between the divided go
halves of the secondary winding of the sub-
seriber’s induection-coil.

- The instruments, as shown in FKig. 1, are

‘supposed to be in posmon for use and the

details of their circuits are not shown; but g3

upon reference to Fig. 2 it will be seen "that

the line-wires 1 and 2 during the non-use of
the instrumentand while the receiveris hang-
ing upon the switeh-hook are bridged by the
circuit of the bell or ringer Q and diseon- 100
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nected from the conversation-circuit. When
the receiver is removed from the hook, how-
ever, the levers II and /i rise under the influ-
ence of a suitable spring and after breaking
the bell-circuit make a circuit over the line-
wires 1 and 2 through the local connections
18 and 19, the secondary U of the induction-
colland thereceiver, the middle pointof whose
windings is connected to ground through the
wire ¢, and at the same time the local trans-
mitter-cireuit 20, including the transmitter
and the primary « of the induection-coil, to-
gether with a suitable battery, is closed.
The line-wires1 2and 3 4 terminate in jack-
springs 77 upon the central-office switchboard-
sections. Each pair of line-wires is bridged
prior to i1ts connection with the jack-springs
by an impedance-coil I, from the middle point
of which a wire 5 is led to one winding [ of
the line-annunciator I, and thence by the
wire 6 to the main battery M and to ground.
The annunciator 1. is provided with a differ-
ential winding ', one end of which is con-
nected to the wire 6 and the other to the
spring j', which is adapted to be connected
by a collar upon the connecting-plug with a

twin springy’, from which a wireleads through

resistance R/ to ground. All of the appa-
ratus thusdescribed is substantially the same
as that in our prior application above re-

ferred to.

KEach A operator is provided with pairs of

plags I’ I, plug P having a tip and sleeve p*
and p¥, which are connected, respectively, to
the sleeve and tip of plug P’, although this or-
derof connection is not essential, being rever-
sible, 1f desired. T'he plug P> also hasa collar
p?*, which is insulated from the tip and sleeve
and whose function is to connect the springs
) when the plug is in the jack. The plugs
P> and " are connected by the cord conduec-
tors 7 5. Avrelay N is provided for each pair
of plugs,its windings beingconnected in par-
allel in the two sides 7 and S of the plug-cord
circuit. DBy this arrangement the relay will
only be energized by currents passing there-
through in multiple. The armature n of this
relay is adapted when attracted to close a lo-
cal circuit 18, containing a suitable battery
s and a signal, shown as an incandescent
lamp #'.) An-ordinary ringing-key is also
provided for each cord-circuit, which upon
its actuation connects the circuit of a gen-
erator with the plug P'. The said plug P’
rests in a seat which is provided with con-
tact-springs p p’, adapted to touch the sleeve
and tip contacts of the plug or external rings
thereon, respectively, connected thereto, and
to thereby continue the two sides of the plug-
cord circuit 7 8 to the A operator’s listening-
circuit 11 12.

The plugs P I, with their associated appa-

ratus, suffice for the connection of subsecrib-

ers whose line-terminals are near together;
but where, as shown in Fig. 1, connection is
necessary between subseribers upon differ-
ent switehboard-sections trunk-lines 9 10 are

-
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used, each trunk-line terminating at one end
in a jack J°and at the other end in a plug I~
All the jacks J? of a given group of trunk-
lines which interconnect any one board with
another are grouped together before the A
operator at the first board, while their plugs
¢ are grouped together before the B opera-
tor at the other board. The listening-circuit
11 12 of the A operator terminating in her
telephoneset O is branched to all these trunk-
lines and also to all the other switchboard-
sections. Conversely, the listening - circuit
13 14 of each I3 operator terminating in her
telephone O'is branched to the jacks J? of all
the trunk-linesleading to her board. Within
each trunk-jack J* a circuit-closer C is pro-
vided having a plunger ¢, adapted to be de-
pressed under certain conditions by a plug
inserted in the jack, to thereby spread apart
springs ¢’ ¢*, forming the terminals of the I3
operator’s circuit 13 14 and cause them fto
make contact with anvils ¢® ¢!, constituting
terminals of the A operator’s circuit 11 12.
Before each B operator and in proximity to
her trunk-terminals a similar switeh ¢ is pro-
vided, having a plunger ¢% which upon de-
pression spreads apart springs ¢! and ¢¥,
which form teriinals of the A operator’s cir-
cult 11 12, causing them to make contact with
anvils ¢* c' connected with the two sides
13 14 of the I operator’s cireunit. In prox-
imity to the trunk-plugs I’* and connected to
the I3 operator’s circuit is also provided a
jack J?.

In order that signaling may be carried on
between the operators, the following means
are provided: A wire 17 is led from the mid-
dle point of the windings of the A operator’s
telephone O through the battery S and to all
the other switchboard-sections. From the
middle point of the windings of each I3 oper-
ator’s telephone O’ a wire 16 is led out. Ie-
fore each B operator an annunciator is lo-
cated provided with a shutter ¢« and having
its winding 10 connected on one side to wire
16 and on the other to wire 17. Only one of
these annunciators is shown herein; but it
will be understood that the wire 16 of each
I3 operator serves as a common connection
for all the wires 17 of the A operators at dif-
ferent boards, and, conversely, each wire 17
of an A operator is cross connected throngh
various annunciator-windings w with the re-
spective wires 10.

T'he operation of our system thus described
1s as follows: Subsecriber X desiring to con-
verse with subscriber Y removes his tele-
phone-receiver R from the hook II, where-
upon the latter and its connected lever rise
under the influence of the spring and com-
plete the talking-circuit shown in IFig. 2.
Current will then flow from the battery M
through the wire 6, the winding [, wire 5, the
two halves of the coil I and the line-wires 1
2 1n parallel to the subseriber’s station and
there through the wires 18 19, the two halves
of the secondary U and the two halves of the
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receiver-winding, the wire ¢, and ground back

- tothebattery. Theannunciator L thereupon

IO

15

displays its signal and the A operator at that
board perceiving the signal inserts the plug P
in the jack J corresponding thereto. Inasmuch
as the plug P' remainsin its seat 4 talking-cir-
cuit is immediately completed without any
further act on the part of the operator from
the subscriber’s instrument to her set O.
Having ascertained the connection desired
and finding it to be with the subscriber Y, who
islocated on another board, the A operator re-
moves the plug P’ from its seat and inserts
it in the jack J* of the trunk-line leading to
the desired board. In so doing the A opera-
tor presses the plug P’ into the jack farther
than is required simply to make connection

- with the jack-springs, the tip of the plug

20

thereby depressing the plunger and spread-
ing the springs ¢’ and c¢®into contact with the
anvils ¢® and ¢*. A complete metallic circuit
1s thus established between the A and B op-
erators’ sets O and O'. Incidentally the sig-
naling-ecircuit through the annunciator A be-
fore the I3 operator and corresponding to the

- A operator is completed as follows: from the
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battery S through wire 17, through the split

windings of the telephone O, through the

wires 11 12 in parallel, anvils ¢® ¢4, springs ¢’
c’, wires 13 14 in parallel, split windings of
telephone O, wire 16, winding w, wire 15, and
back to the battery. The A operatoristhus
enabled to instruct the B operator directly as
to the number of the subscriber wanted, and
while in such instructions she gives the num-
ber of the trunk-line and of the subsecriber
wanted the annunciator A performs the
fanction of directing the B operator’s atten-
tion immediately to the proper group of
trunk-plugs, and in case the B operator should
happen to be temporarily engaged furnishes
a continued indication that she has been
called by the A operator, to whose board said
trunk-lines are extended. Upon receiving
her instructions the B operator inserts the
plug p* in the jack J' of the subseriber Y.
Current will then immediately flow from bat-
tery N through wire 6, winding {, wire 5, im-
pedance-coil I, and jack J' of the called sub-
scriber, through plug P2 trunk-wires 9 10,
jack J? plug P, cord connection 78, the two
halves of the winding of relay-magnet N, plug
P, Jack J, line-wires 1 2, and to ground
through the wire g of the calling subscriber.
This current energizes the magnet N, which
thereupon attracts its armature n, closing cir-
cult 13 and displaying the signal»’. This ap-
prises the A operator of the insertion of the
plug p*, and immediately upon perceiving the
signal n’ she depresses the calling - key K,

which connects the generator through the plug

" and the trunk-line to the called subserib-

er’s line to ring his bell.’ The signal n' re--

mains displayed until the said subscriber Y
answers the call by removing his telephone-
receiver from the hook, whereupon the cur-
rentfrom the battery M, which had previously

and wire 12 with wire 14.

flowed back through the connecting-circuit
to the calling-subscriber’s station, is diverted
through the line-wires 3 4 to ground at the
station ¥. Currentnolonger passingthrough
the connecting-circuit, the magnet N releases
its armature and the signal n'is retired, thus

apprising the A operator of the fact that the

subscriber- Y has answered the call. |

Referring to Fig. 3, which is a diagram of
the instruction-circuits of three A girls and
three B girls with their signals, the A girls’
positions are shown at O, O% and O% the sym-
bols which are so lettered being supposed
to represent, diagraphically, operators’ head-
phones with the caps removed to show the
coils 0 and 0'. From each A girl’s position to
each B girl’s position (the latter shown at O’;
03, and O°) extends an instruction -cireuit.
That from girl O is numbered 11 12, and, as
clearly shown, it passes to the B girls’ posi-
tions, crossing all their circuits, which are
numbered 13 14, 13* 14*, and 13® 14, The
circuit from the position O®is lettered 11* 122
and that from position O%is 11° 12°, each of

75
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these likewise crossingall the B girls’ circuits

at the left of the figure, but all being nor-
-mally disconnected.

Conversely totheabove
the circuits 13 14, 13* 14*, and 13® 14° pass
from the head-phones O, O3 and O°to the A
girls’ positions, where each of them is carried
across or past all the A girls’ circnits. At
the place of intersection of the circuits 1112
and-13 14 at the right-hand side of the figure
we have shown a pair of bent lines, which are
intended to represent a switch which may
be turned to connect wire 11 with wire 13
* In reality these
switches, which are lettered C, are made as
shown in Kig. 1, where a plunger ¢ acts upon
springs ¢’ and ¢® to cross the operators’ cir-
cuits. These switches are all located at the
trunk-jacks on the A sections, bat the trunk-

lines are omitted from Fig. 3and the switches

reduced to their simplest elements in order
to prevent confusion. Obviously when any
switeh C is actunated the operator O, 0%, &e.,
has crossed her cirecuit with that of the cor-
responding I3 operator, according to which
switch isused. From a point midway of the
windings of the telephone O the wire 17 is
led out and passes to the.B operator’s posi-
tions, where it forims a common return for
the annuneciator-coils w, w0 and %, located,

respectively, opposite the I3 girls, whose head-

phones are indicated at O', O3, and O%. Simi-
larly a wire 17* passes from the middle point
of the windings of operator’s telephone O%and
forms a common return for the three coils w/,
w', and 1w, while the wire 17® passes from a
telephone O*to form a common return forthe
windings w?, 0%, and w?*,
annuneciator-coll opposite each B girl for each
A girl, From the middle point of the wind-

ings of telephone O’ the wire 16 is led out to

form a common return for the three coils w,
w', and w*. From the telephone O%a similar

| wire 16*is connected to three coils w0, 1™, and

Thus there is an
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w) while from telephone O° the wire 16° | component wires of the metallic circuil 1 2

107,

forms a common return for the (,0115 20,
and w?,

Now suppose the operator at O is using a
trunk-line to actuate the left-hand switech C
at her position. She thereby connects the
wires 11 12 with the wires 13 14, and not only
are the telephones O and O’ connected on the
metallic circuit, but the following circuit is
completed: from battery S by wire 17 to tele-
phone O, and thence by wires 11 12 in paral-
lel to switch C, thence by wires 13 14 in par-
allel to telephone O by wire 16 to the an-
nunciator w, and by wire 17 back to the bat-
tery. The annunciator thereupon displays
its signal, telling the first B girl that the first
A girl is ealling her. By manipulating the
other two smtehes C opposite the telephone
O the first A girl can send current from the
batteries S’ and S* at will through the an-
nunciators w? and w*., Similarly the girl O?
can work any one of the annunciators w’', 1,
and 1*, according to which operator’s circuit
she connects herself with.

The switches C! enable the B operators to
connect their circuits with those of the A op-
erators for further instructions, &ec.

IFig. 4 shows 1n the simplest pos.elble way

the distribution of current upon which de-
pends the operation mentioned. In this fig-
ure X and Y are the subseribers’ eta..tione,
having switches H each adapted to ground
the line. Thecord-circuit, includinga trunk-
line when a connection has been completed,
i1s shown extending from J to J’, and the
supervisory signal is indicated by a gal-
vanometer N. Supposing X to have called,
current is flowing from battery M through
the left-hand line 1 2 and to ground af sta-
tion X, and thence back to battery. The
operators have made the connection from J
to J' and the subscriber Y has not yet an-
swered—2?. e., he has not yet worked his
switch to ground theline. Current from bat-
tery M will now find two paths, one from the
battery direct to station X and ground via
the point J, and the other by way of point J’
across through the galvanometer N to point
J, and then out to station X and ground.
The internal resistance of the battery being
small, enough current flows through the
branch containing the signal to operate the
same. Y hen subscriber Y answers the call
by grounding his line, it must be obvious that
a true Wheatstone bridge is produced. 'The
galvanometer N is in the bridge-wire, and as
long as the resistancesof lines1 2 and 3 4 are
approximately the same there will be no cur-
rent in the bridge when both lines are com-
plete. If either subscriber should hang up
his telephone, and thereby remove the ground
from his line, we evidently have a break (or
aninfinite resistance)in oneside of the bridge,
and whichever side it is the bridge-wire with
galvanometer N will receive current. Inap-

plying this to the diagram Ifig. 1 it must be
borne in mind that for signaling purposes the

and 3 4 areone. The cord and trunk circuits
are also single conductors, so that for signal-
ing purposes the condifions are exactly as
shown in Fig. 4. One advantage of this
bridge construction is that whenever both

subscribers have finished a conversation and
hung up their receivers the magnet N will

not respond, but both line-signals will show
for clearing out.
Having thus described our invention, what

we claim, and desire to secure by Letters Pat-

ent, is—

1. In a telephone-exchange system, opera-
tors’ metallic instruction-cireunits for conver-
sation normally disconnected, a separate cir-
cuit containing battery and a signal extend-
ing between the operators, said circult com-
posed in part of the different instruction-cir-

cuits, whereby when an operator connects her
instruction-cireuit with anothera correspond-:

ing signal is thereby given to the other opera-

tor, substantially as described.

2. In a telephone-exchange system a series
of metallic instruection-circuits adapted to be
crossed at will fo permit communieation be-
tween operators, a series of signaling-circuits
cross-connecting the operators in such a man-
ner that each instruction-cireuit forms a com-

mon return for all the signaling-circuits lead-

ing to any operator, together with suitable
signals and batteries in said circuits, substan-
tially as described. |

3. In a telephone-exchange system opera-
tors’ metallie instruction-circuits adapted to
be crossed together at will, and each contain-
ing one eperatm telephone, signaling - cir-
cuits, each containing battery and connected
to an operator’s telephone at one end and
branched to a number of other operators’ tele-
phones, together with a signal in each branch,
whereby the crossing of one operator’s instrue-
tion-circuit with another will operate the sig-
nal indicatory of the first operator in front of
the other operator, substantially as deseribed.

4., In a telephone-exchange system, opera-
tors divided into two sets, conversation-cir-
cuits between each operator of one set and
all the operators of the other set, a signaling-
circuit associated with and ecompleted through
the circuit of each operator of the first set,
and branched through annunciators distrib-
uted before the operators of the second set to
their circuits, whereby when the circuit of an
operator of the first set is crossed with that
of one of the other set, the appropriate signal
before the second operator is antomatically
displayed, substantially as described.

In testimony whereof we have hereunto set
our hands, this156th dayof August, A. D. 1398,
in the presence of two witnesses. |

WM. D. GHARKY.
EDWARD E. CLEMENT.

Witnesses:
ROBERT OSBORNE, Jr.,
EMERSON CONRAD.
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