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To all whom it mai concern.:

Be it known that I, KempsTER B. MILLER, a
citizen of the United States, residing at Chi-
cago, 1n the county of Cook and State of Illi-

5 nois, have invented a certain new and useful
Improvement in Central-Energy Telephone
Systems, of which the following is a full, clear,
coneise, and exact description, reference being

had to the accompanying drawings, forming a-

10 part of this specification. _
- My invention relates to a central-energy

telephone system, my object being to provide

an Improved form of signaling apparatus at

the central station and, moreover, to provide

I5 an improved form of relav for actuating the
supervisory signals.

In accordance with my 1nvent10n in the pre-

ferred form thereof I employ a relay for con-

| trolling the supervisory signal, the relay be-

20 1ng promded with two wmdlnﬂs one winding

bemﬂ' included in series with each strand of

the cord connectors at the central station.

The windings of the relay are wound upon a

single core in such a manner that when trav-

25 ersed by the current from the charging source

of electricity the windings will neutralize each

other, whereby the rela,y remains inert.

ing conversation the windings of the relay are
thus traversed by the charo*mﬂ' current and,

30 due to the fact that the windings are in oppo-

sition, the windings offer no appreciable im-
pedance to the passage of the talking-currents,

since the currents of self-induction induced by

the talking-currents in the two windings neu-
In order to actuate the
relay, I provide means whereby the subseriber |.
may send current through one of the wind- |
“1ngs of the relay to thereby energize the core.

35 tralize eaeh other.

thereof and operate the supervisory signal.
40  Instead of connecting the windings of the

relay in series with the strands they may be

otherwise connected without departing from
the spirit of my invention, the essential fea-
ture of which in this respect 1s the provision
45 of a relay having windings so related as to

render the relay inert during the passageiof

the charging-current through both windings.
My invention further contemplates the em-

Dur-

spring a,
sistance ¢ and adapted when the relay is en-
ergized to engage contact 6, which 1s connect-
|. ed with the test-rings &’ .

' ployment of a relay thus rendered inert dur-

ing the passage of the charging-current and s5o
adapted to be actuated by unbalancing the re-
lay-windings—as,forinstance, by sending cur-
rent through one of the windings alone.

I have deseribed my invention in the accom-
panying drawings, in which— 55
Figure 1 is adiagram illustrating two tele-
phone-lines and the central-station apparatus
for connecting the same for conversation.

Fig. 2 1s a diagram showing the talking-cir-

cuit.
circult.
Like characters refer to hke parts in the Sev-
eral figures.
The telephone-line A extends in two limbs
@ ¢ to the central station, where said limbs 65
terminate, respectively, in the springs @ «’,
the spring ¢’ normally resting against back
contact 1, which 1s connected to ground, the

Fig. 31s a d1aﬁ'ram showmcr the relzw— 60

spring ¢’ normally resting against back con-

tact 2, which 1s connected through individual 7o
annunciator ¢ to- conductor 8. The springs ¢
and ¢’ carry armatures resting opposite the
poles of a relay-magnet b, and the spring ¢
when attracted is adapted to engage back con-
tact 4, which is connected with the line-springs 75
d d' of the spring-jacks or switch-sockets ¢ d.
The spring «’ is adapted when attracted to en-
gage contact 5, which is connected with the

- sleeves d° d° of the spring-jacks. Moving with

but insulated therefrom, is a 8o
connected to ground through a re-

. 2
the spring «°,

One end of the

winding of relay & 1s connected with conduc- 85
‘tor 3, and the other end is connected with
| the contact-springs ¢’ ¢°, which springs are

mounted to move with but insulated from
the line-springs ' ', respectively. When the
plucr is inserted in the spring-jack, the line- go
spring ' 1s moved by the tip thereof to carry

the spring d°into engagement with the ground-
ed contact .

The subscriber is provided at the substation
with the usual microphone £, receiver 7/, and 95
| switch-hook 7%, adapted when the line is not
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In use to engage contact 7, which is connected
through bell 7% to ground. When the tele-
phone 1s removed from the hoolk, the hook en-
gages contact &8, which is connected with the
telephone transmitter and receiver. The tele-
phone-line B (shown at the right of the draw-
ings) is like the telephone-line A and is pro-
vided with the same parts and mechanism, and
like parts have been indicated by the same ref-
erence characters employed in connection with
the line A.

The answering-plug p is provided with a tip
»" and a sleeve p°, the tip »’ being connected
with strand 7 and the sleeve with strand s.
The calling-plug o 1s provided with a tip ¢’ and
a sleeve o%, the tip being connected with strand
¢ and the sleeve with strand s’. The answer-
ing and calling plugs are united through a re-

peating-coil 0, the windings " and 20° there-

of being connected between strands # and s
and the windings ° and 2" being connected
between strands ¢ and s'. The battery # is in-
terposed between the windings «’ and 2%, and
the battery /' 1s interposed between the wind-
ings 2° and w'. The relay 4 is provided with
a winding /4’ in series with the strand # and a
winding 4°in series with a strand s. Likewise
the relay 4 1s provided with a winding £ in
series with the strand 7 and a winding 4? in
series with the strand &’. The conductor 3
extending to a portion of the telephone-lines
1s connected with one pole of the battery »,
and the conductor 3 extending to the remain-
ing telephone-lines is connected with one pole
of the battery +’. The other poles of these bat-
teries are connected with ground. Opposite
the pole of relay /4 is a spring 2, carrying an
armature, and this spring when the relay is
energized 1s adapted to engage contact 13 to
close the circuit of battery » through the lamp
m/'.  Likewise spring », situated opposite the
pole of relay £, carries an armature adapted
when attracted to carry said spring into con-
tact with contact 15, to thereby close the cir-
cuit of battery » through the lamp«’. Instead
of supplying current to both of these lamps
from the battery ¢ current to one or both of
the lamps may be supplied from battery .
In the strand ¢ a key ¢’ is provided, nor-
mally resting against contact 17 and adapted
when depressed to engage contact 18 to send
calling-currents from generator ¢ over the
line. The operator’s telephone set # is bridged
between the strands ¢ and ¢, and a condenser
/ 1s connected in series with the telephone set.
I will now describe the method of connect-
1Ing the subscribers for conversation. Sup-
posing subscriber A desirous of conyersing
with subseriber B, he removes his receiver
tfrom the hook, thereupon closing together at
the substation limbs ¢ and ¢’ and completing
the circuit of battery » from ground over con-
ductor 3, through annunciator ¢, contacts 2
and «’, limb ', limb «, contacts «* and /, to
ground, and back to the battery. The indi-

774,770

vidual annunciator ¢ is thus actuated to con-
vey to the operator the signal for connection.
The operator thereupon inserts the answering-
plug » in the spring-jack belonging to sub-
scriber A. The engagement of the tip of the
plug with spring ¢’ moves said spring to carry
the spring ¢”into engagement with contact
a'. Circuit is thus closed through relay 2.
this circuit being traced from ground through
battery », conductor 3, relay o, spring &°, con-
tact ' to ground. Relay & thereupon attracts
springs «° and «’, separating the same, re-
spectively, from contacts 1 and 2 and remov-
Ing the annunciator ¢ from circuit, and said
springs ¢ and «’ engage, respectively, con-
tacts 4 and 5, thereby connecting the termi-
nals of the spring-jack with the limbs of the
telephone-line.
ing-plug in the spring-jack also closes the cir-
cutt from battery » through windings %" and
w” of the repeating-coil, through the windings
£" and A° of the relay 4, and through the
strands ¢ and s and the limbs @ ¢’ of the line
A. The windings A" and 4° of the relay are
thus both traversed by battery-current, and,
as shown in Fig. 3, these windings are placed
upon the core in opposition. so that the wind-
ing /' tends to polarize the core with one po-
larity, while the winding 4° tends to polarize
the core with the opposite polarity. The re-
sult 1s that during the flow of the current
from battery » through both windings the
core remains neutral and the armature upon
spring 7 remains unattracted. After insert-
Ing the answering-plug the operator connects

her telephone set 7 in circuit and having re-

ceived the number of the called subscriber
[ifts the calling-plug o and touches the tip
thereof to the test-ring ° belonging to the
spring-jack of the called subscriber. If the
line of the called subseriber is connected for
conversation at another section of the switch-
board, the relay 6 of the called subsecriber will
be energized. In this condition the touching
of the tip of the calling-plug to the test-ring &’
of the called subscriber will produce a click in
the operator’s telephone which will indicate
that the line called foris busy. 1f the operator
hears no click, she will know that the line is
disengaged. The click in the telephone is due
to the change of potential of the point of con-
nection where the operator’s telephone set is
connected to strand . When the tip of the

‘calling-plugisnotincontact with the test-ring,

the battery # 1s on open circuit and the point
of connection #* of the telephone set with the
strand ¢ will be of the same potential as the
battery. When, however, the tip of the call-
ing-plug is touched to the test-ring, the cir-
cuit of battery »* will be closed from ground
through said battery, winding «°, winding %/,

strand ¢, tip o', test-ring ¢°, contacts 6 and «*

to ground. The potential of the point # will
thus be lowered, due to the interposition of
the resistance «" between said point and the

The 1nsertion of the answer-
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pole of the battery, and a momentary current
will thus be caused to flow to the telephone-
receiver, due to the change of potential at the
point . If upon testing the operator finds
that the line of the called subscriber is not
busy, she inserts the calling-plug ¢ into the
spring-jack of the called subscriber B. The
operator then depresses key ¢’ and sends ring-
ing -current from generator ¢ over tip ¢/,
spring ', contacts 4 and «°, limb «, through
the subscriber’s bell to ground.” When the
subscriber responds and lifts his receiver from
the hook, the limbs @ and &' are closed to-

G‘ether at the substation and the circuitof bat—-

tery # is completed through the wmdme"s w°

w* kB, strands ¢ &, andhmbs a o, the wind-

ings &' 7 being wound upon the core to neu-
tralize each other. Whenthe battery-current
1s flowing through both coils, the lamp+’ will
be extmo*mqhed

The circuit arrangement during conversa-
tion 1s 1llustrated in Flg. 9. When subscriber
A 1s talking, his microphone varies the resist-
ance of the circuit containing battery », and a
vibratory cur rent 15 thus produeed throucrh
the windings ' % which induces a corre-
sponding current in the windings w° w" to

~alter current conditions through the receiver
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of subscriber B. Likewise when subscriber
B 1s talkmcr the vibratory current through

windings w° w0 mduces a correspondmw cur-

rent in the windings w' w*. Since the wind-
ings A’ and A° are superimposed, of equal num-

ber of turns, and in opposition, the talking-

current traverses the windings 4" and A* with-
out impedance. The self-induction in one of

the windings neutralizes the self-induction in
the other. Likewise the coils 2 and Z° offer

no impedance to the passage of the talking-
currents. When the subscribers have com-
pleted their conversation, they hang up their
receivers, and the lamps m' and 2 are
lighted to convey to the operator the signal
for disconnection. When, for instance, the
subscriber A hangs-up his receiver, the cir-
cuit of battery »1s closed from ground through
windings ' and /', strand ¢, tip »’, line-spring
d', contacts 4 ¢°, limb @ to ground at the sub-
station. Current thus traverses windings A/,
while the winding 7’ remains deenermzed and
the core of relay h 1s thus polarlzed to attr act
its armature and close spring 7 agalnst con-
tact 13, thereby closing the circuit of battery
» through the lamp sn'. Likewise the hang-
1ng up 0‘[ the receiver of Suchmbel B ener-
gizes relay £ to ligcht the lamp /. Noting

the signal for dlsconnectlon, the operator

withdraws the plugs » and o from the respec-

tive sockets, and the lamps 7/ and 2" are thus

extinguished, due to the opening of the bat-
tery-circuits at the terminals of the plugs.

If either subscriber desires an immediate re-

connection with another subscriber, he may
in the usual manner vibrate his switch-hook

thus

alternately lighted and extinguished, thereby

signaling the operator for a new connection.
Since the two windings of the relay are in

opposition, the self-induced currents in the

two windings due to the passage of talking-
currents will neutralize each other. In con-
sequence the relays may be mounted in posi-
tion side by side in the usual manner without
the employment of an inclosing sheath of iron
or copper, as has been the usual practice with
relays of the prior art, due to the fact that the

talking-currents traversing the windings of
relays as commonly employved heretofore in-

duce corresponding currents in the windings
of adjacent relays, thereby causing cross-talk.
It has been the usual practice heretofore to
surround the relay with a sheath of iron or

copper to thereby prevent the formation of
an external field and in this manner to pre-

vent the cross-talk between the relays. By
employing the relay of the present invention
there will be no external field, since t he relay-
windings neutralize each othel, and accord-
ingly the relays may be held in position with-
out 1nclosing sheaths, and the cost of installa-

tion may thus be materially reduced without

affecting the operation of the system.
Havmo' described my invention,
claim as new, and

Patent, 1s—

1. l‘he combination with a telephone line, ot
a connection-terminal therefor normally oper-

what 1
cdesire to secure. bv Letters

atively disconnected tfrom the line, a line-sig-

naling device for the line, a cord-circuit, a
source of current to send current over the me-

tallic line for talking, a supervisory-signal-’

controlling electromagnet having differential
windings disposed in the path of current from

_sald source over the line-circuit, said magnet

being rendered neutral by the current over

the metalhc circuit during conversation and
enermaed by the excess of the magnetic eﬁect_

g
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1n one of the differential coils at the termina-

tion of the conversation, a cut-off relay for the
line to connectsaid termmdl with the line when

operated and to render said signal inoperative.

and means to energize said relay by the act of
connecting the cord-circuit with the line with-
out unbalancmﬁ' the sald signal - controlling

electromagnet.

9. Thecombination with a telephone- line,of

a connectlon-terminal therefor normally oper-

atively disconnected from the line, a line-sig-
naling ¢ ev1ce tor the line, a cord-circuit, a
source of current for sending current over the
metallic line for talking, a supervisory-signal-
controlling electromagnet having differential
windings dlSposed- in the path of current from

I10

I15

120

sald source over the line-circuit, said magnet

being rendered neutral by said current over
the metallic circult during conversation and

energized by the excess of magnetic effect in.
one differential coil at the termination of the

conversation, a cut-off relay for the line to

65 up and down to thereby cause his lamp to be | connect said terminal with the line when op-
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erated and to render said signal inoperative,
and means to energize said relay from said
source by the act of connecting the cord-cir-
cuit with the line without operating said sio-
nal by current over 1ts circuit.

‘3. Thecombination with atelephone-line, of
a connection-terminal therefor norm mally oper-
atively disconnected from the line, a line-sig-
naling device for the line, a cord- c.'.rcult, a
source of current associated with the cord-
circuit and adapted to send current over the
metallic line for talking, a supervisory-signal-
controlling electromagnet having differential
windings disposed in the opposite sides of the
cord-circuit, said magnet being rendered neu-
tral by said current over the metallic circuit
during conversation and energized by the ex-

cess of magnetic effect 1n one differential coil

at the termination of the conversation, a cut-
off relay for the line to connect said terminal
with the line when operated and to render said
signal inoperative, and means to energize said
relay from said source by the act of connect-
Ing the cord-circuit with the line without per-
mitting a flow of current over the circuit of
said signal whereby said signal is not first op-
erated.

4. The combination with a telephone-line,of
a connection-terminal therefor normally oper-
atively disconnected from the line, a line-sig-
naling device for the line, a cord-circuit, a
source of current assoclated with the cord-
circuit, and adapted to send current over the
metallic [ine for talking, a supervisory-signal-
controlling electromagnet having differential
windings disposed in the path of current from
satd source over the line-circuit, said magnet
being rendered neutral by the current over
the metallic circuit during conversation and
energized by the excess of “the magnetic effect
in one of the differential coils at the termina-
tion of the conversation, a cut-off relay for
the line to connect said texmmal with the line
when operated and to render said signal inop-
erative, and means to energize said relay from
sald source by the act of connecting the cord-
circuit with the line without unbalancing the
said signal-controlling electromagnet.

. Thecombination with a telephone-line. ot
a connectlon-terminal therefor normally oper-
atively disconnected from the line, a line-sig-
naling device for the line, a cord-circuit, a
source of current assoclated with the cord-
circult and adapted to send current over the
metallic line for talking, a supervisory-signal-
controlling electromagnet having differential
windings disposed in the opposite sides of the
cord-circuit, sald magnet being rendered neu-
tral by sald current over the metallic circuait
during conversation and energized by the ex-
cess of the magnetic effect in one differential
coll at the termination of the conversation, a
cut-off relay for the line to connect said ter-
minal with the line when operated and to ren-

ELIEE L R LI T TH T
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der said signal inoperative, and means to en-
ergize sald relay from said source by the act
of connecting the cord-circuit with the line
without unbalancing the said signal-control-
ling electromagnet.

6. The combination with a telephone-line, of
a connection-terminal therefor normally oper-
atively disconnected from the line, a line-sig-
naling device for the line, a cord-circuit, a
source of current assoclated with the cord-cir-
cuit and adapted to send current over the me-
tallic line for talking, a supervisory-signal-
controlling electromagnet having differential
windings disposed in the opposite sides of the
cord-circuit, said magnet being rendered neu-
tral by sald current over the metallic eircuit
during conversation and energized by the ex-
cess of the magnetic eff'ect in one differential
coll at the termination of the conversation, a
cut-off relay for the line to connect said termi-
nal with the line when operated and to render
sald signal inoperative, and means to energize
sald relay by the act of connecting the cord-cir-
cuit with the Iine without unbalancing the said
signal-controlling electromagnet.

7. The combination with atelephone-line, of

-a connection-terminal therefor normally oper-

atively disconnected from the line, a line-sig-
naling device for the line, a cord-circuit, a
source of current associated with the cord-cir-
cuit and adapted to send current over the me-
tallic line for talking, a supervisory-signal-
controlling electromagnet having di Ferential
windings (:hsposed n the path of current from
sald source over the line-circuit, said magnet
being rendered neutral by said current over
the metallic circuit during conversation and
energized by the excess of magnetic effect in

one differential coil at the termination of the

conversation, a cut-off relay for the line to
connect said terminal with the line when op-
erated and to render said signal inoperative,
and means to energize said relay in the act of
connecting the cord-circuit with the line with-
out operating sald signal by current over its
clrcuit. |
8. Thecombination with a telephone-line, of
a connection-terminal therefor normally oper-
atively disconnected from the line, a line-sig-
naling device for the line, a cord-cireuit, a
source of current associated with the cord-cir-
cult and adapted to send current over the me-
tallic line for talking, a supervisory-signal-
controlling electromagnet having differential
windings disposed in the opposite sides of the
cord-circuit, sald magnet being rendered neu-
tral by said current over the metallic circuit
during conversation and energized by the ex-
cess of magnetic effect in one differential coil
at the termination of the conversation, a cut-
off relay for the line to connect said termmal
with the line when operated and torender said
signal inoperative, and means to energize said
rel:-,w in the act of connecting the cord- circuit
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with the line mthout permitting a flow of cur-
rent over the circuit of said swnal Wherebv

said signal is not first operated.

The combination with a telephone-line, of
a connectlon terminal therefor normally oper-
atively disconnected from the line, a line 81g-
naling device for the line, a cord circuit,
source of current associated with the line-cir-
cuit and adapted to send current over the me-

tallic line for talking, a supervisory-signal-

controlling electromagnet having differential

windings disposed in the path of current from

sald source over the line-circuit, said magnet

being rendered neutral by said current over

the metalhc circult during conversation and

energized by the excess of magnetic effect in

one differential coil at the termination of the
conversation, a cut-off relay for the line to

connect said termma,l with the line when op-

erated and to render said signal noperative,
and means to energize said relav 1n the act of

connecting the cord- circuit with the line with-
out operatmﬂ' sald line-signal or 1111135«:Lla,mclncr

“said signal-controlling electromwnet

10. The combination with a telephone-hne
of a connection-terminal therefor normally op-
eratively disconnected from the line, a line

signaling device for the line, a cord-mrcmt )

source of current associated with the cord-
circuit and adapted to send current over the

metallic line for talking, said magnet being

rendered neutral by said current over the me-
tallic circuit during conversation and ener-

gized by the excess ofmagnetlc effect in one

differential coil at the termination of the con-
versation, a supervisory -signal - controlling
electromagnet having dlﬁerentlal WlI‘ldIDO‘S
disposed in the opposite sides of the cord-cir-
cuit, a cut-off relay for the line to connect
said terminal with the line when operated and
to render said signal Inoperative, and means
to energize said relay in the act of connect-
Ing the cord-circuit with the line without un-
balancmﬂ' the said mafrnet or actuating said
signal.

11. The combination with a telephone-line,
of a connection-terminal therefor normally op-
eratively disconnected from the line, a line
signaling device for the line, a cord-clrcmt
source of current associated with cord-cireuit
and adapted to send current over the metallic
line for talking, a supervisory-signal-control-
ling electromagnet having differential wind-

1ngs disposed in the path of current from said

source over the line-circuit and rendered neu-

tral thereby during conversation but ada,pted

to be energized by an excessive magnetic ef-

fect in one coill at the termination ot the con-

versation, a cut-off relay for the line adapted

also to be energized from said source, to con-

nect said termmal with the line and te ren-

der the device inoperative, and means for op-
erating said cut-off relay by connecting the

~cord-circuit with the connectlon termmal

o

without operating said signaling device or elec-
tromagnet.
19. The combination with a metallic tele-

phone-hne of a line-s 0‘113,1 therefor, a cord-
circult at the central office to estabhsh COn-

versational circuits with the line and consist-
ing of two strands only, a third conductor. a

supervisory-signal-controlling electrom&crnet'

assoclated with the cord—cmcmt and havmo
two differential windings, a source of elec—

tricity at the central of_ﬁce adapted to send

current through both of said windings over
the metallic circuit or through one of sald
windings with return over said conductor, &
cut-off relay tor the line adapted when oper-
ated to render the line-signal inoperative, and
means for actuating said cut-off relay from
sald source by connecting the cord-circuit
with the line without 1mbalancmﬂ' said elec-
tromagnet, substantially as described.

13. The combination with a pair of tele-
phone-lines, of a pair of plugs and cords and

‘an inductive means Joining the cords for unit-

ing the lines for conversation, a differential
Sw’nal controlling electmmao net for each
cord each of sald ele >ctromagnets having two
Wmdmcrs one winding 1n series in the path of
current over each strand of the correspond-

| Ing cord, a separate source of grounded charg-

1nw-current bridged across the strands of each
cord and a switch- hook at the substation of
each of said lines, whereby the said source is
allowed to send current over the metallic cir-
cult of the corresponding line without ener-
g1zing said electromagnet and over one limb
only of said line and ground return to ener-
oize sald electromacmet Subst&nmally as de-
Scrlbed

14. The combma,tlon with a pair of tele-
phone-lines, of a palr of plugs and cords and

an inductive means joining the cords for unit-

ing the lines for conversation, a differential
sw'na,l controlling electromawnet for each
cord each of smd electromawnets having two
wmdmﬂs one winding in series in each stra,nd

of the COI’I‘BSpODleU‘ cord a separate source

of charging-current brldcred acrossthe strands
of each cord and a switch-hook in each of
sald lines, Where-by each sald source is allowed
to send current over the metallic circuit of the
corresponding line without energizing said
electromagnet and over one limb only of said
line to energize said electromagnet, substan-
tially as descrlbed

15. Thecombination with telephone-lme% a
cord-circuib consisting of a pair of plugs and
cords and an mduetwe means joining the
cords, of a signal-controlling electromagnet
for each cord h&mnﬂ two dlﬂ"erentml wind-
Ings, a separate charmnﬂ ‘source of elec-
trlclty permanently connected with and be-
tween said windings, and means within the
control of the subscrlbers alone for causing
current to flow from said source serially
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throughsaid windings without energizing said
electromagnet.

16. The combination with telephone-lines,
of a cord-circuit consisting of a pair of plugs
and cords and an inductive means joining said

cords, a separate battery bridged across each

line as long as the line is switched for use, and
having one pole grounded, adifferential super-
visory-signal-controlling electromagnet hav-
ing a winding in each of the strands of each
cord, a suitable signal controlled by each said
electromagnet, a hook-switch and a grounded
signaling-bell at each substation, said switches
being each adapted to close circuit from said
battery over one line-wire and one winding of
the electromagnet and through the grounded
bell when the receiver is operated, and to
close circuit over the metallic line when the
receiver is displaced to render the electromag-
net inoperative.

17. The combination with telephone-lines,
of a cord-circuit consisting of a pair ot 'pluo‘s

and cords and an mductwe means Joining .

them, of a differential signal-controlling elec-
ti.omegnet having two wmdmgs associated
with each said cord-circuit, aseparate talking-
battery permanently connected with the wind-
1ngs of each signal and adapted to send cur-
rent through them in a direction to cause the
same to neutralize each other, and means for
sending current from said battery through
one of sald windings alone to energize the
sald electromagnet.

18. In a telephone system, the combination
with a multiple-switchboard telephone-line
having a plurality of connection-terminals, of
2 line-s -signal therefor, a cord-circuit to esmb-
lish connections with the line for conversa-
tion, a central source of current associated
with the cord-circuit to furnish current for
talking, said cord-cirenit having only two
strands and sald strands forming portions of
the two sides of the talking-circult when in
use for conversation, test-contacts for the said
connection- termmele of the line, means for
determining the idle or busy condition of the
line by touchmﬂ‘ the tip of a cord-circunit plug
to one of said test-contacts, a supervisor y S10-
naling device associated with the cord-circuit
and having two differential windings, one in
elther side of the path of current over the
cord -circuit from sald central source, said
device being neutral to current over the me-
tallic line cmd responsive to an excess cur-
rent through one winding, substantially as
described.

19. In a telephone system, the combination
with a multiple-switchboard telephone-line
having a plurality of connection-terminals, of

a line-signal therefor, a cord-circuit to estab-

lish connections with the line for conversa-
tion, a central source of current associated
with the cord-circuit to furnish current for
talking, said cord-circuit having only two

strands and said strands forming portions of
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the two sides of the talking-circuit when in
use for conversation, test-contacts for the said
connecting-terminals of the line, means for
determining the idle or busy condition of the
line by touching the tip of a cord-plug to one
of said contacts, a cord signaling device asso-
clated with the cord-circuit and having two
differential windings one in either side of the
cora-circuit in the path of current over the
cord-circult from said central source, said de-
vice being neutral to current over the me-
tallic line and responsive to an excess cur-
rent through one Wmdmg, substantially as
described.

20. The combination with a telephone line
having its switchboard-section normally dis-
connected from the external line-circuit, of a
calling-signal normally connected with said
external line-circuit and separate from said
switchboard-section of the line, a cord-circuit
to establish conversational circuits with the
line, a source of current associated with the
cord-circuit and adapted to be included 1n the
metallic line to furnish current for talking, a
supervisory-signal-controlling electromagnet
having differential windings disposed one in
each side of the path of current from said
source over the cord-circuit, said magnet be-
ing actunated when the magnetic effects 1n 1ts
colls are unbalanced, and a cut-off relay for
the line energized 1n connecting the cord-cir-
cuit with the line to render said line-signal in-
operative and to connect said switchboard-sec-
tion with the external line-circuit.

21. The combination with a telephone-line
having 1ts switchboard-section normally dis-
connected from the external line-circuit, of a
calling-signal normally connected with said
external line-circult and separate from said
switchboard-section of the line, a cord-cireuit
to establish conversational circuits with the
line, a source of current associated with the
cord-circult and adapted to be included in the
metallic line to furnish current for talking, a
supervisory-signal-controlling electromagnet
having differential windings disposed in each
side of the cord-circait and in the path of cur-
rent from said source, said magnet being ac-
tuated when the magnetic effects in i1ts coils
are unbalanced, and a cut-off relay for the
line energized in connecting the cord-circuit
with the line to render said line-signal 1nop-
erative and to connect said switchboard-sec-
tion with the external line-circuit.

22. The combination with a telephone-line,
of spring-jacks for the line normally discon-
nected from the external line-circuit but con-
nected in multiple with the switchboard-sec-
tion of the line, a calling-signal normally con-
nected with the external line-circuit and dis-
connected from the said switchboard-section,
a cord-circult to establish conversational cir-
cuits with the line, said cord -circuit hav-
ing only two strands, the said strands forming
portions of the opposite sides ot the talking-
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circult when in use, a source of current asso-
ciated with the cord-circuit and arranged to

be included in the metallic line to furnish cur-

rent for talking, a supervisory-signal-control-

ling electromagnet, having differential wind-

1ngs disposed one in each side of the cord-

circuit and in the path of current from said

source, sald magnet being actuated when the
magnetic effects in its coils ‘are unbalanced,

a busy-testing circuit conipleted from said

test-contacts over the tip-strand of the cord-

circuit, and a cut-off relay for the line ener-

gized when a connection is established there-

with by the cord-circuit to render said line-

signal inoperative and to connect the switch-
board-section of the line with the external

line-circuit, substantially as described.

23. In a telephone - exchange system, the

combination with a telephone-line, of a mul-

tiple -switchboard telephone -line extending
from the substation to an exchange and hav-
1ng a plurality of connection-terminals at the
exchange, each provided with a testing-con-

tact and a cord-circuit at the exchange for

connecting the said telephone-line with an-
other, said cord-circuit having two strands
only, the said strands being included in the
opposite sides of the talking-circuit when in
use, the busy-testing circuit being completed
over one strand of the said cord-circuit, a sio-

nal in‘the cord-circuit provided with a con-

L

trolling-magnet having differentially-wound
coils, and a telephone switch-hook at the
subscriber’s station serving to close circuit
through one of said coils when depressed
through the agency of the receiver supported
thereby and serving to close circuit through
both of said coils when elevated, substantially
as described.

24. In a telephone-exchange system, the

switchboard -section normally disconnected
from the exterpal line-circuit, of a calling-
signal for the line normally connected with
said external line-circuit, a cut-off relay for
the line to render said signal inoperative and
to connect the switchbhoard-section of theline
with the external line-circuit, of a cord-cir-
cuit for connecting the sald line with another,
an indicator at the exchange provided with a
controlling - electromagnet having differen-
tially-wound coils, each strand of the cord-
circuit including a coil thereof, and means for
including one or both coils in circuit with the
source of current, substantially as described.

25, In atelephone system, the combination
with a telephone-line, of a plurality of con-
nection-terminals therefor having each a main-
line contact normally disconnected from the

line but adapted to be connected therewith-

during conversation, a cord-circuit having
two strands only to establish connections with
the said lines for conversation, a. differential
relay associated with the line, a charging
source of electricity also associated therewith

V4

and means for sending current over the me-

tallic line from said source and through said
windings in a direction to cause them to neu-
tralize each other, substantially as described.
- 26. In a telephone system, the combination
with a telephone-line, of a plurality of con-
nectlon-terminals therefor having each a main-
line contact normally disconnected from the

line but adapted to be connected therewith

during conversation, a cord-circuit having
two strands only to establish connections with

75

the said lines for conversation, a differential

relay associated with the line, a charging

source of electricity also associated therewith
and means for sending current from said source

over the metallic line and in series through

sald windings to cause the windings to neu-
tralize each other or for sending an excess
current from said source through one only of

said windings to cause the relay to be actu-

ated, substantially as described.

27. The combination with a telephone-line
and a connection-terminal therefor normally
not in operative relation with the line, of ‘a
connecting-plug and cord-circuit to cosperate
with said line, a supervisory-signal-control-
ling magnet and a battery associated with said
cord-circuit, a telephone - transmitter and a

.switch at the subscriber’s station, and means

controlled by the insertion of the plug into
the jack for placing the jack in operative re-

lation with the line, whereby talking-current:

18 furnished to said transmitter and said mag-

net 1s placed under the control of the sub-
scriber.

28. "The combination with a telephone-line,

and a connection-terminal in the form of a

spring-jack normally not in operative rela-
tion with the line, of a cord-circuit and a con-
necting-plug, a central source of current as-
sociated with said line and circuit to furnish
talking-current to the substations. and means
including said source of current actuated by
the insertion of said plug in the jack for plac-
iing sald Jack in operative relation with said
ine.

29. The combination with a telephone-line

and a connection-terminal in the form of a

spring-jack, of a connecting-plug and a cord-
circult, a central source of current associated
with said line and circuit to furnish current
to the line for talking purposes, supervisory
signal apparatus associated with the cord-
circutt and operated from said source of cur-
rent, and a relay actuated from said source
by the insertion of said plug into and its
withdrawal from said jack for controlling the
operative relation of said jack with said line.
- 80. Inatelephone system, a metallic-circuit

line, a connection-terminal in the form of a
spring-jack normally not in operative relation

with said line, a connecting-plug and a cord-
circuit, a signaling device normally in oper-
ative relation with said line, a central source

of current and supervisory signaling appa-
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ratus associated with said line and cord-cir-
cuit, said source being adapted to furnish
current for the operation of said apparatus
and to the line for talkking purposes, and a
relay actuated from said source when said
plug 1s inserted in said jack to place said sig-
naling device in inoperative relation with said
line and said jack in operative relation with
said line.

31. The combination with a telephone-lme
having a limb extending to the central station,
of a line-contact for said limb normally dis-
connected therefrom, a cord-circuit and con-
necting - plug, supervisory signaling appa-
ratus connected with said circuit, a central
source of current associated with said line
and circult to furnish current to the line for
talking purposes and for the operation of said
supervisory apparatus, and means for auto-
matically connecting said line-contact with
sald limb when the line is in use and for dis-
connectinfr the same therefrom when the line
1S not in use.

32. The combination with a telephone line
having a limb extending to the central station,
of a signaling device normally connected with
sald limb, a line-contact for said line normally
disconnected therefrom, a cord-circuit and
connecting-plug, supervisory signaling appa-
ratus associated with said cord-circuit, a cen-
tral battery to furnish current to the line for
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talking purposes and for the operation of said

apparatus, and a relay energized from said
battery adapted to disconnect said limb from .

said signaling device and to connect the same
with the line- contact when a connection 1s es-
tablished with the line.

33. The combination with a telephone-line
having a limb extendmo to the central station,
of a spring or moving part Wlth which said
limb connects at the centml 0O ce._. a, swnahn&r
device connected with said spring or part in
its normal position, a line-contact for said
limb, a cord-circuit and connecting-plug, a
central battery associated with the ssud line-

circuit, supervisory signals also associated

with the circuit, sald battery being adapted
to furnish current to the substations for talk-
ing purposes and for operating said super-
visory signals, and a relay also energized from
said battery adapted to disconnect said spring
or part from the signaling device and to con-
nect 1t with the line-contact when a connec-
tion i1s established with the line.

In witness whereot I have hereunto sub-
seribed my name in the presence of two wit-
nesses.

KEMPSTER B. MILLER.

Witnesses:
W. CLypE JONES,
M. R. HyMAN.
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