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To all whonv it maly CONCer: |

Be it known that I, HaArrY (. WEBSTER, a
citizen of the United States, residing at Chi-
cago, in the county of Cook and State of 1lli-

s nois, have invented a certain new and useful
Improvement in Telephone-Exchange Sys-
tems, of which the following is a full, clear,
concise, and exact description, reference be-
ing had to the accompanying drawing, form-

10 ing a part of this specification.

My invention relates to telephone-exchange
systems, and particularly to exchange systems
employing acommon source of current located
at the central exchange for the purpose of

1z supplying talking and signaling currents tothe
telephone-lines associated therewith and to a
so-called ‘‘multiple-switchboard” system.

In general my invention relates to an 1m-
proved telephone-line circuit and a busy-test

20 circuit adapted for use in conjunction there-

with.
The particular objects of my invention are

to provide a telephone system in which the |

two line-contacts of the multiple spring-jacks
2z are sufficient both for connecting and testing

purposes, a special test-thimble being unnec-

essary: to provide a system in which the line-
sional may be connected with that side ot the
common battery at the central station which
30 is not connected with the ground; to provide
~ asystem in which the sleeve-contacts of the
jacks are permanently connected with the line,

whereby the telephonic talking-circuit does

not include relay-contacts, and to provide a
35 test-circuit for use in conjunction with the
line-circuit such that the operation of the sys-

subscribers’ telephone instruments and such
that false busy-test signals will be avoided.
The features of my invention will be best
understood by reference to the accompanying
drawing, in which at each of the substations
A and B, I have illustrated the usual sub-
seriber’s substation apparatus, comprising 1n
45 each instance a switch-hook 1, which when 1n
its normal depressed condition, due to the
weight of the receiver 2, serves to connect be-
tween the line-limbs 3 and 4 the call-bell 5
and the condenser 6. When relieved of the
so weight of the receiver 2, the switch-hook I
serves to connect between the line-limbs 3 and
4 the battery-transmitter 7 and she primary
8 of an induction-coil whose secondary 9 1s

40

tem will not produce disagreeable clicks in the

connected with thereceiver2. The line-limbs
3 and 4 lead to the central exchange C, where
the line-limb 8 is normally serially connected,
through the differential windings 10 and 11 of
the differential cut-off relay 12, with the posi-
tive orounded pole of the section 13 of the
common battery. Theline-limb4is normally
connected, through the back contact 14, the
armature 15 of the differential cut-off relay
12, the line-relay 16, and the bus-bar 17, with
the negative poleof the section 13 of the com-
mon battery. In accordance with my inven-
tion the common battery is preferably divided,
as shown, into two sections, section 13 being
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of, say, thirty volts potential, while section

18 may be of approximately ten volts poten-
tial. These sections of the common battery
may be connected, as shown, with the bus-
bars 17, 19, and 20. It will be understood,
of course, that the exact potentials or voltages
of the batteries as herein set forth are imma-
terial and that these voltages may be varied
to suit various conditions and requilrements
met in practice.

The common terminal of the windings 10
and 11 of the differential cut-off relay is con-
nected by a conductor 21 with the tip-springs
29 of the answering-jack 23 and the multiple
line-jacks 24. The sleeve-contacts 25 of these
jacks, which also constitute the test-thimbles
thereof, are connected permanently with the
line-limb 4, as shown. An armature 26 of
the differential cut-off relay serves when at-
tracted into its forward position to close a
low-resistance short circuit in shunt of the
winding 10 of the differential cut-off relay,
thereby connecting the tip-springs 22 through
a low-resistance non-inductive path directly
with the line-limb 8. The line-relay 16 serves,
by means of its armature 27, to control a lo-
cal illuminating-circuit through the line sig-
naling-lamp 28. . .

The operator’s cord-connecting apparatus

comprises an answering-plug 29 and a calling-

plug 30, the tip-contacts 831 and 32 of these
plugs being connected by means of the tip-
strand 33, while the sleeve-contacts 34 and 35
are connected by means of the sleeve-strand
38. The conductive continuity of the sleeve-
strands is interrupted by the serial inclusion
of a condenser 37, this condenser, however,
being shunted by a conduetive circuit through
the winding of the supervisory relays 38 and
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39. A condenser 40 is included in the bip- |

strand, this condenser, however, being nor-
mally shunted by a conductor 41, making con-
nection with the contact 42 of the operator’s
listening-key 43, which serves to connect the

usual operator’s telephone set 44 in bridge of

the cord-strands, a condenser 45 being in-
cluded in the operator’s telephone-circuit, as
shown. |

The usual ringing-key 46 serves when ma-
nipulated to connect the terminals of the ring-
ing-generator 47 in bridee of the cord-strands
leading to the calling-plug 80. The super-

- visory relay 38 1s connected between that sec-
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tion of the sleeve-strand leading to the an-

swering-plug and the negative pole of the sec-

tion 18 of the common battery. The super-
visory relay 39 is connected hetween the por-
tion of the sleeve-strand leading to the call-
ing-plug 30 and the negative pole of the sec-
tion 18 of the common battery. The super-
visory relay 38 controls an armature 48,
which In turn controls a local illuminating-
circult through the supervisory signaling-
lamp 49. In the same manner the armature
50 of the supervisory relay 39 controls a lo-
cal illouminating-circuit through the supervi-
sory signaling-lamp 51. The connection of
the positive pole of the common battery with

the supervisory lamp-circuit is controlled by

the armature 52 ot a supervisory controlling-

relay 53, this supervisory controlling-relay

being connected between the bus-bar 20 and
the tip-strand of the cord-circuit leading to
the answering-plug 29.

A manipulation of the listening-key 48 to |

connect the operator’s telephone set in bridge
of the cord-circuit serves, by means of the
upper contact-spring ot the listening-key and
a contact 54, to connect the test-relay 55 in a
circuit to the bus-bar 17. The test-relay 55

controls, by means of itsarmature 56 and front,

contact 57, a local circuit through the test-
winding 58 in inductive relation with the in-
duction ~-coil associated with the operator’s

 telephone set.

55

60

The operation of a telephone system con-
structed 1n accordance with my invention may
be described as follows: The subsecriber at
substation A upon removing the telephone-re-
celver from the switch-hook closes a conduc-
tively-continuous circu:t, which may be traced
as follows: from the grounded terminal of the
section 13 of the common battery through the

bus - bar 19, the windings 11 and 10 of the

differential cut-off relay 12, line-limb 38, trans-
mitter 7, primary coil 8, switch-hook 1, line-
limb 4, contact 14, armature 15, line-relay 16,
to the bus-bar 17, connected with the negative

pole of the section 13 of the common battery.

Current flowing through this circuit causes
the energization of the line-relay 16, where-

upon its armature 27 is attracted to close a

local illuminating -circuit through the line-

65 signaling lamp 28. No net energization of :
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the cut-off relay 12 is caused due to the pas-
sage of this current through the windings

.thereof for the reason that the windings are dif-

ferentially related one to the other. The cen-
tral operator answers the signal caused by the
illumination of the lamp 28 by inserting the

answering-plug 29 of her cord-connecting ap-

paratus within the answering-jack 23. Thein-

sertion of this plug causesthe closure of a cir-
cult, which may be traced asfollows: from the
bus-bar 20, through the supervisory con-
trolling-relay 53, the tip-strand 33, tip-con-
tact 31, tip-spring 22, conductor 21, and wind-
ing 11 of the differential cut-off relay 12 to
the bus-bar 19, connected with the positive
pole of the common battery. By the closure
of this circuit the increased current through
the winding 11 of the differential cut-off re-

lay serves to unbalance the neutral condition

thereof, whereupon a net energization is pro-
duced to cause the attraction of the armatures

15 and 26. The attraction of the armature
15 serves to break the electrical connection

with the back contact 14, whereupon the pre-

viously-traced circuit throngh the line-relay
16 1s interrupted to cause its deénergization

and the consequent retraction of the arma-

ture 27 to cause the extinguishment of the
lamp 28. The attraction of the armature 26
serves to close a circuit of low resistance in

shunt of the winding 10 of the differential

cut-off relay, whereby the tip-springs 22 are
connected through a non-inductive circuit of
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low resistance directly with the line-limb 3.

The energization of the supervisory control-
ling-relay 53, due to the passage of current
through the last-deseribed circuit, causes the
consequent attraction of its armature 52 to
connect the positive pole of the common bat-

tery with the back contactsof the supervisory

relays 38 and 39 to connect battery-current
with the supervisory signaling-lamps 49 and
51.  The insertion of the answering-plug 29
within the answering-jack also causes the
closure of a circuit, which may be traced as
follows: from the bus-bar 20, through the

supervisory relay 388, the sleeve-strand 36,

sleeve-contact 34, sleeve-contact 25. line-limb
4, switch-hook 1, primary coil 8, transmitter

7, line-limb 8, armature 26 and its front con-

tact to the winding 11 of the differential cut-
off relay, and thence to the bus-bar 19, con-
nected with the positive pole of the common
battery. Current flowing through this cir-
cult causes the energization of the supervisory
relay 38 toattractthearmature48, thereby pre-
venting the illumination of the supervisory

lamp 49. Having thus established connection

with the line to substation A, the operator
manipulates her listening-key 43 to connect
her telephone set in bridge of the cord - cir-
cult, and thereupon ascertains by telephonic

communlcation with the calling subscriber the

number of the substation with which connec-

tion is desired. Learning that the desired
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connection is with the subscriber located at
substation B, the operator first applies the t1p-
contact 82 of her calling-plug to the test-thim-
ble of a line-jack associated with the line to
substation B. If an operator at some other
position on the multiple switchboard has in-
serted a plugof her cord connectingapparatus
within a multiple line-jack associated with the
line to substation B, the application of the
testing tip-contact 32 to the test-thimble will
cause the closure of a circuit which may be
traced as follows: from the bus- bar 17,
through the test-relay 55, contact 54, tip-

strand 33, tip-contact 32, test-thimble 25, and

thence through the sleeve-contact and sleeve-
strand of the other conmected cord -strand

through the associated supervisory relay cor-
responding with relay 39 to the negative pole

of the common battery 18. Current flowing
through this circuit will cause the energiza-
tion of the test-relay 55 to attract the arma-
ture 56, thereby closing a local circuit through
the test-winding 58 to produce a click in the
operator’s telephone-receiver, thereby notity-
ing her that the line to substation B 1s 1n use.
If the subscriber at substation B has removed
his telephone-receiver from the switch-hook,
but the answering operator at the central sta-
tion has as yet not connected a plug of her
cord-cireuit with the telephone-line a test-cir-
cuit may be traced as follows upon the ap-
plication of the test-contact 32 to the test-
thimble: from the bus-bar 17, through the
test-relay 55, contact 54, tip-strand 33, tip-
contact 82, test-thimble 25, line-limb 4, switch-
hook 1, primary coil 8, transmitter 7, line-
limb 3, the windings of the differential cut-
off relayv 12, and thence to the bus-bar 19.

1t will thus be seen that the test-thimbles 25

are normally charged to a potential of thirty
volts above the zero potential of the ground—
that is to say, when the receiver at the sub-
station is upon the switch-hook and there 1s
no connection between cord-connecting appa-
ratus and the line-jacks the test-thimbles 25
are connected through the winding of the line-

relay with the bus-bar 17, which, 1t will be

" remembered, may be made of approximately
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thirty volts difference in potential from the
ground to which the bus-bar 19 is connected.
The insertion of the plug of a cord-circuit
within a line-jack causes the attraction of the
armature 15 of the differential cut-off relay,
thereby disconnecting the test-thimbles from

the thirty-volt bus-bar 17 and connecting the |

test-thimbles through the sleeve-strand of the
connected cord-strand and a supervisory re-
lay with the forty-volt bus-bar 20. The re-
moval of the receiver at the substation from
its switch-hoolk causes the closure of a circuit
either through the line-relay 16 before the
connection with the cord connecting appa-
ratus or through a supervisory relay after the
connection with the cord connecting appa-
ratus and the winding or windings of a differ-

|
i

‘the bus-bar 20, as shown.

- mal condition.

ential cut-off relay. The resistances of the
relays may be such, and the resistance of the
line-circuit is in practice such, as to charge
the test-thimbles of such a conductively com-
pleted line-circuit to a potential in the neigh-
borhood of twenty-two or twenty-four volts
above that of the earth. The testing tip-con-
tact 32 being directly connected through the
test-winding 55 with the thirty-volt bus-bar
17 when applied to the test-thimble of an idle
line, causesno current to flow through the test-
relay 55 for the reason that the test-thimble
is also at a potential of thirty volts. In either
of the other conditions speci ied, in which the
test-thimble has been raised to forty volts or
decreased to approximately twenty-four volts,

the application of the tip-contact to the test-

thimble causes the closure of a circuit through
the test-relay 55 to cause an actuation there-
of. The operator upon learning that the line
to substation Bisidle inserts the calling-plug
30 within a line-jack 24 and thereupon ma-
nipulates her listening-key 46 to connect the
terminals of the alternating-current genera-
tor 47 with the line-limbs, thereby causing
an actuation of the call-bell 5 at substation B.
The insertion of the calling-plug 30 within a
line-jack also serves, asdescribed, for the line-
circuit to substation A to cause an actuation
of the differential cut-off relay 12 to discon-
nect the line-signal and short-circuit the wind-
ing 10. In order that the armatures of the
differential cut-off relay may remain in their

forward attracted positions during the con-

nection of the generator 47 with the line, 1t
may be found desirable to.connect the resist-
ance 59 between the tip-strand contact 60 and
It will be remem-
bered that the attraction of the armature 52
of the supervisory controlling-relay 53 has
caused the closure of a local illuminating-
circuit through the supervisory signaling-
lamp 51. The removal of the recelver from
the switch-hook at substation B, however,

causes the closure of a circuit through the su-

pervisory relay 39, whereby the armature 50

is attracted to break the local circuit through

the lamp 51, whereupon the lamp 1s extin-
ouished to indicate to the central-station op-
erator that the subscriber at substation B has
answered the calling-signal. Upon the com-
pletion of the conversation either subscriber
upon replacing his receiver upon the associ-

ated switch-hook interrupts the continuity of

the circuit through the supervisory relay con-
nected therewith, whereby the supervisory-
relay armature is retracted to cause the clo-
sure of a circuit through the assoclated su-
pervisory signaling-lamp, thereby indicating

to the operator that the connected subscribers

have finished their conversation, whereupon
she removes the plug of the cord connecting
apparatus from the line-jacks, thus restoring
the line and cord circuit apparatus to its nor-

&3

It will be seen that a leakage
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path or ground on the line-limb 4 if of suf-
clently low resistance will cause the closure
of a circuit through the line-relay 16 to cause
the energization thercof and the consequent
1llumination of the line signaling-lamp. The
operator 1n attempting to respond to the sig-
nal thus produced will of course learn that

the apparent call is due to a leakage path or

ground rather than to a call initiated from
the substation connected with the line. She
may thereupon notify the proper authorities,
who may proceed to put the line in proper
repair. In the same manner a ground upon

the line-limb 4 might if of sufficiently low re-
sistance cause an actuation of the test-relay

55 to Indicate that the tested line was in use.
For this reason the resistance and adjustment
of the line-relays and the test-relay are de-

. strably made such that any ground upon the
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line which would cause the actuation of the
test-relay will also cause the actuation of the
assoclated line-relay. In order that the flow

of current through the test-circuit may be |

comparatively small and in order that the
testing-current shall rise gradually to its full

‘maximum value, the winding of the test-re-
lay is desirably of high resistance and high

impedance.

-While I have herein shown and described
one preferred embodiment of my invention,
1t will be apparent to those skilled in the art
that many modifications may be employed
without departing from the spirit thereof. I
do not therefore wish to limit myself to the
precise disclosure herein set forth; but,

Having described my invention, I claim as
new and desire to secure by Letters Patent—

1. Inatelephone-exchangesystem.thecom-
bination with a telephone-line extending by
1ts limbs from a substation to an exchange, of
a source of current at the exchange for sup-
plying talking and signaling currents to said
lme, a cut-off relay having two differential
windings permanently included in an elec-
trical path from one of said line-limbs to a

grounded terminal of said source of current,
a line-relay serially included in. a path from

the second line-limb to a second thirty-volt
terminal of said source of current, a line-sig-
nal controlled by said line-relay, a line-jack
having a tip-spring permanently connected to
thecommon terminal of the differential wind-

ings of said cut-off relay and a sleeve-contact

permanently directly connected with the sec-
ond line-limb, cord connecting apparatus for
connecting said line with another for conver-
sation, and means whereby the connection of
said cord connecting apparatus with said line
closesacircuit of decreased resistance through
one winding of said cut-off relay to cause an
actuation thereof to destroy the substation

- control of said line-signal.

2. Inatelephone-exchangesystem.the com-
bimation with a telephone-line extending by

804,077

a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings included in an electrical path from
one of said line-limbs to a grounded terminal
of said source of current, a line-relay serially
included in a path from the second line-limb
to a second thirty-volt terminal of said source

of current, a line-signal controlled by said

line-relay, aline-jack having a tip-spring per-

manently connected to the common terminal

of the differential windings of said cut-off re-
lay and a sleeve-contact permanently directly
connected with the second line-limb, cord con-

necting apparatus for connecting said line

with another for conversation, and means
whereby the connection of said cord connect-
Ing apparatus with said line closes a circuit of
decreased resistance through one winding of
said cut-off relay to cause an actuation there-
of to destroy the substation control of said
line-signal. |

3. Inatelephone-exchangesystem,the com-

bination with a telephone-line extending by
its limbs from a substation to an exchange,of
a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings permanently included in an elec-
trical path from one of said line-limbs to a
grounded terminal of said source of current,

a line-relay serially included in a path from

the second line-limb to a second thirty-volt
terminal of said source of current, a line-sig-
nal controlled by said line-relay, a line-jack
having a tip-spring permanently connected to
the common terminal of the differential wind-
ings of said cut-off relay, and a sleeve-contact

connected with the second line-limb, cord con-

necting apparatus for connecting said line
with another for conversation, and means
whereby the connection of said cord connect-
Ing apparatus with said line closes a cirenit
of decreased resistance through one winding
of said cut-off relay to cause an actuation
thereof to destroy the substation control of
sald line-signal. - - - |
4. Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by
1ts limbs from a substation to an exchange, of
a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings included in an electrical path from
one of said line-limbs to a grounded terminal
of said source of current, a line-relay serially
included in a path from the second line-limb
to a second thirty-volt terminal of said source
of current, aline-signal controlled by said line-
relay, a line-jack having a tip-spring perma-

nently connected to the common-terminal of

the differential windings of said cut-off relay
and a sleeve-contact connected with the sec-
ond line-limb, cord connecting apparatus for

65 1ts limbs from asubstation to an exchange, of | connecting said line with another for conversa-
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tion, and means whereby the connection of
said cord connecting apparatus with said line
closesa circuit of decreased resistance through
one winding of said cut-off relay to cause an
actuation thereof to destroy the substation
control of said line-signal.

5. Inatelephone-exchange system, the com-
bination with a telephone-line extending by
its limbs from a substation to an exchange, of
a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings permanently. included in an elec-

“trical path from one of said line-limbs to a

orounded terminal of said source of current,
a line-relay serially included in a path from
the second line-limb to a second thirty-volt
terminal of said source of current, a line-sig-

nal controlled by said line-relay, a line-jack

having a tip-spring permanently connected to
the common terminal of the differential wind-
ings of said cut-off relay and a sleéve-contact
permanently directly connected with the sec-
ond line-limb, cord connecting apparatus for
connecting said line with another for. conver-
sation, and means whereby the connection of
said cord connecting apparatus with said line
closes a circuit through one winding of said
cut-off relay to cause an actuation thereof to
destroy the substation control of said line-
signal. B |

6. Inatelephone-exchangesystem,the com-
bination with a telephone-line extending by
its limbs from a substation to an exchange, of
a source of current at the exchange for sup-
plying talking and signaling currents to said

- line, a cut-off relay having two differential

10
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windings included in an electrical path from
one of said line-limbs to a grounded terminal
of said source of current, a line-relay serially
included in a path from the second line-limb
to a second thirty-volt terminal of said source
of current, a line-signal controlled by said
line-relay, a line-jack having a tip-spring per-
manently connected to the common terminal
of the differential windings of said cut-off re-
Jay and a sleeve-contact permanently directly
connected with the second line-limb, cord con-
necting apparatus for connecting said line

with another for conversation, and means

whereby the connection of said cord connect-
ing apparatus with said line closes a circuit
through one winding of said cut-off relay to
cause an actuation thereof to destroy the sub-
station control of said line-signal.

- 7. Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing talking and signaling currents to said line,
a cut-off relay having two differential wind-
ings permanently included in an electrical path
from one of said line-limbs to a grounded ter-
minal of said source of current, a line-relay
serially included in a path from the second

line-limb to a second thirty-volt terminal of
said source of current, a line-signal controlled
by said line-relay, a line-jack having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected

with the second line-limb, cord connecting ap-

paratus for connecting said line with another
tor conversation, and means whereby the con-
nection of said cord connecting apparatus with
said line closes a circuit through one winding
of said cut-off relay to cause an actuation there-
of to destroy the substation control of said
line-signal. | |

8. Inatelephone-exchangesystem, thecom-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the exchange for supply-

ing talking and signaling currents to said line,

a cut-off relay having two differential wind-
ings included in an electrical path from one
of said line-limbs to a grounded terminal of
said source of current, a line-relay serially 1n-
cluded in a path from the second line-limb to
a second thirty-volt terminal of said source of
current, a line-signal controlled by said line-
relay. a line-jack having a tip-spring perma-
nently connected to the common terminal of
the differential windings of said cut-off relay

and asleeve-contact connected with the second

line-limb, cord connecting apparatus for con-
necting said line with another for conversa-
tion. and means whereby the connection of said
cord connecting apparatus withsaid line closes
a circuit throuch one winding of said cut-oft
relay to cause an actuation thereof to destroy
the substation control of said line-signal.

9. Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing talking and signaling currents to said line,
a cut-off relay having two differential wind-
ings permanently included inan electrical path
trom one of said line-limbs to a grounded ter-
minal of said source of current, a line-relay
serially included in a path from the second
line-limb to a second thirty-volt terminal of

said source of current, a line-signal controlled

by said line-relay, a line-jack having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact permanently
directly connected with the second line-limb,

cord connecting apparatus for connecting said

line with another for conversation, means
whereby the connection of said cord connect-
ing apparatus with said line closes a circuit of
decreased resistance through one winding of
said cut-off relay to cause an actuation thereof
to destroy the substation control of sald line-
signal, 'and means adapted upon actuation of
said cut-off relay to close a low-resistance
path in shunt of the other winding of the cut-

| off relay.
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10. In a telephone-exchange system, the

combination with a telephone-line extending
by 1ts limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential

~ windings included in an electrical path from
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one of said line-limbs to a grounded terminal
of sald source of current, a line-relay serially
included in a path from the second line-limb
to a second thirty-volt terminal of said source
of current, a line-signal controlled by said
line-relay, a line-jack having a tip-spring per-
manently connected to the common terminal
of the differential windings of said cut-off re-
lay and a sleeve-contact permanently directly

connected with the second line-limb, cord

connecting apparatus for connecting said line
with another for conversation, means where-
by the connection of said cord connecting ap-
paratus with said line closes a circuit of de-
creased resistance through one winding of said
cut-off relay to cause an actuation thereof to
destroy the substation control of said line-
signal, and means adapted upon actuation of
sald cut-off relay to close a low-resistance path

in shunt of the other winding of the cut-off -

relay. |

11. In a telephone-exchange system, the
combination with a telephone-line extending
by 1ts limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings permanently included in an electrical
path from one of said line-limbs to a grounded
terminal of said source of current, a line-relay
serially included in a path from the second
line-limb to a second thirty-volt terminal of
sald source of current, a line-signal controlled
by said line-relay, a line- jack having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-
paratus for connecting said line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
sald line closes a circuit of decreased resist-
ance through one winding of said cut-off re-
lay to cause an actuation thereof to destroy
the substation control of said line-signal, and
means adapted upon actuation of said cut-off
relay to close a low-resistance path in shunt
ot the other winding of the cut-off relay.

12. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of asource of current at the exchange for sup-
plying talking and signaling currents to saic
line, a cut-off relay having two diff _
windings included in an electrical path from
one of said line-limbs to a grounded terminal
of said source of current, a line-relay serially

65 included in a path from the second line-limb .

erential

]

- 804,077

Ll
T,

to a second thirty-volt terminal of said source

of current, a line-signal controlled by said
line-relay, a line-jack having a tip-spring per-

manently connected to the common terminal

of the differential windings of said cut-off re-

| lay and a sleeve-contact connected with the

second line-limb, cord connecting apparatus
for connecting said line with another for con-

versation, means whereby the conneection of

sald cord connecting apparatus with said line
closes a circuit of decreased resistance through
one winding of said cut-off relay to cause an
actuation thereof to destroy the substation
control of said line-signal, and means adapted
upon actuation of said cut-off relay to close a

low-resistance path in shunt of the other wind-

ing of the cut-off relay. | |

13. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,

of a source of current at the exchange for

supplying talking and signaling currents to
said line, a cut-off relay having two differen-
tial windings permanently included in an elec-
trical path from one of said line-limbs to a
grounded terminal of said source of current,
a line-relay serially included in a path from
the second line-limb to a second thirty-volt

terminal of said source of current, a line-sig-
nal controlled by said line-relay, a line-jack

having a tip-spring permanently connected to
the common terminal of the differential wind-

1ngs of said cut-off relay and a sleeve-contact -

permanently directly connected with the sec-
ond line-limb, cord connecting apparatus for
connecting sald line with another for conver-
sation, means whereby the connection of said
cord connectingapparatus with saidline closes
a circuit through one winding of said cut-off
relay to cause an actuation thereof to destroy
the substation control of said line-signal, and
means adapted upon actuation of said cut-off
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relay to close a low-resistance path in shunt

of the other winding of the cut-off relay.
14. In a telephone-exchange system, the

1TO

combination with a telephone-line extending -

by its limbs from a substation to an exchange,
of a source of current at the exchange for

supplying talking and signaling currents to

sald line, a cut-off relay having two differen-

115

tial windings included in an electrical path-
from one of said line-limbs to a grounded ter-

minal of said source of current, a line-relay
serially ineluded- in a- path from the second

i line-limb to a second thirty-volt terminal of

sald source of current, a line-signal controlled
by said-line-relay, a line-jack having a tip-
spring permanently connected to the common

terminal of the differential windings of said

cut-off relay and a sleeve-contact permanently
directly connected with the second line-limb,
cord connecting apparatus for connecting said
line with another for conversation, means
whereby the connection of said cord connect-

1ng apparatus with sald line closes a circuit
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through one winding of said cut-off relay to
cause an actuation thereof to destroy the sub-

station control of said line-signal, and means

adapted upon actuation of said cut-off relay
to close a low-resistance path in shunt of the
other winding of the cut-off relay.

15. In a telephone-exchange system, the

combination with a telephone-line extending

by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to

said line, a cut-off relay having two differen-

tial windings permanently included in an elec-
trical path from one of said line-limbs to a

orounded terminal of said source of current.

a line-relay serially included in a path from
the second line-limb to a second thirty-volt
terminal of said source of current, a line-sig-
nal controlled by said line-relay, a line-jack
having a tip-spring permanently connected to
the common terminal of the differential wind-
ings of said cut-off relay and a sleeve-contact

connected with the second line-limb, cord.
connecting apparatus for connecting said line

with another for conversation, means whereby
the connection of said cord connecting appa-
ratus with said line closes a circuit through
one winding of said cut-off relay to cause an
actuation therveof to destroy the substation
control of said line-signal, and means adapted
upon actuation of said cut-off relay to close
a low-resistance path in shunt of the other
winding of the cut-off relay. |

16. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
said line, a cut-off relay having two differen-
tial windings included in an electrical path
from one of said line-limbs to a grounded ter-
minal of said source of current, a line-relay
serially included in a path from the second
line-limb to a second thirty-volt terminal of
said source of current, aline-signal controlled
by said line-relay, a line-jack having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-

for conversation. means whereby the connec-
tion of said cord connecting apparatus with
said line closes a circuit through one winding
of said cut-off relay to cause an actuation
thereof to destroy the substation control of
said line-signal, and means adapted upon ac-
tnation of said cut-off relay to close a low-re-
sistance path in shunt of the other winding ot
the cut-off relay.

17. In a telephone-exchange system. the
combination with a telephone-line extending

by its limbs from a substation to an exchange,

of asource of current at the exchange for sup-
plying talking and signaling currents to said

7

I line, a cut-off relay having two differential

windings permanently included in an elec-
trical path from one of said line-limbs to a
grounded terminal of said source of current,
a line-relay serially included in a path from
the second line-limb to a second terminal of
said source of current, a line-signal controlled
by said line-relay. a line-jack having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off .
directly connected with the second line-limb,
cord connecting apparatus for connecting said
line with another for conversation, and means
whereby the connection of said cord connect-
ing apparatus with said line closes a circuit
of decreased resistance through one winding
of said cut-off relay tocauseanactuationthere-
of to destroy the substation control of said
line-signal. |

18. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents.to said
line. a-cut-off relay having two differential
windings included in an electrical path from
one of said line-limbs to a grounded terminal
of said source of current, a line-relay serially
included in a path from the second line-limb
to a second terminal of said source of current,
a line-sional controlled by said line-relay, a
line-jack having a tip-spring permanently con-
nected to the common terminal of the differ-
ential windings of said cut-off relay and a
sleeve-contact connected with the second line-
limb, cord connecting apparatus for connect-
ino said line with another for conversation,
and means whereby the connection ot sald
cord connecting apparatus with said line closes
a circuit of decreased resistance through one
winding of said cut-off relay to cause an actu-
ation thereof to destroy the substation con-
trol of said line-signal. -

19. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
said line, a cut-off relay having two differen-
tial windines included in an electrical path
from one of said line-limbs to a grounded ter-

minal of said source of current, a line-relay

serially included in a path from the second
line-limb to a second terminal of said source
of current, a line-signal controlled by said
line-relay. a line-jack having a tip-spring per-
manently connected to the common terminal
of the differential windings of said cut-oft re-

lav and a sleeve-contact permanently directly
connected with the second line-limb, cord con-
necting apparatus for connecting said line
with another for conversation, and means
whereby the connection of said cord connect-

| ing apparatus with said line closes a circuit

relay and a sleeve-contact permanently -
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through one winding of said cut-off relay to
cause an actuation thereof to destroy the sub-

statlon control of said line-signal.

20. In a telephone-exchange system, the

combination with a telephone-line extending
by its limbs from a substation to an exchange,
of-a source of current at the exchange for
supplying talking and signaling currents to
sald line, a cut-off relay having two differen-
tial windings permanently included in an elec-
trical path from one of said line-limbs to a
grounded terminal of said source of current.
a line-relay serially included in a path from
the second line-limb to a second terminal of
said source of current, a line-signal controlled
by said line-relay,a line-jack having a tip-

spring permanently connected to the common

terminal of the differential windings of said

- cut-ofl relay and a sleeve-contact connected
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with the second line-limb, cord connecting

apparatus for connecting said line with another

for conversation, and means whereby the con-
nection of said cord connecting apparatus
with said line closes a circuit through one
winding of said cut-off relay to cause an actu-
ation thereof to destroy the substation con-
trol of said line-signal and to close 4 low-re-
sistance path in shunt of the other winding
of the cut-off relay. 1 R -
21. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for

supplying talking and signaling currents to

said line, a cut-off relay having two differen-
tial windings included in an electrical path
from one of said line-limbs to a terminal of
sald source of current, a line-relay serially in-
cluded in a path from the second line-limb to
a second terminal of said source of current, a
line-signal controlled by said line-relay, mul-
tiple line-jacks each having a tip-spring per-
manently connected to the common terminal
of the differential windings of said cut-off re-
lay and a sleeve-contact connected with the
second line-limb, cord connecting apparatus
for connecting said line with another for con-
versation, and means whereby the insertion
of a plug of said cord connecting apparatus
within any one of sald line-jacks causes the
closure of a circuit through one winding of
sald cut-off relay to cause an actuation thereof
to destroy the substation control of said line-
signal and to close a low-resistance path in
shunt of the other winding of the cut-off relay.

22. In a telephone-exchange system, the
combination with a telephone-line extending
by 1ts limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
sald line, a cut-off relay having two differen-

tial windings permanently included in an elec-
trical path from -one of said line-limbs to a
t erminal of said source of currrernt, aline-
* elay serially included in a path from the
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second line-limb to a second terminal of said
source of current, a line-signal controlled by
sald line-relay, a line-jack having a tip-spring
permanently connected to the common ter-

minal of the differential windings of said cut-

off relay and a sleeve-contact permanently
directly connected with the second line-limb.
cord connecting apparatus for connecting said

line with another for conversation. and means

whereby the connection of said cord connect-
Ing apparatus with said line closes a circuit
of decreased resistance through one winding

of sald cut-off relay to cause an actuation

thereof to destroy the substation control of
sald line-signal. o
23. In a telephone-exchange system, the

combination with a telephone-line extending

by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
sald line, a cul-off relay having two differen-

75

30

tial windings included in an electrical path
from one of said line-limbs to a terminal of

sald source of current, a line-relay serially

included in a path from the second line-limb
to a second terminal of said source of current,

a line-signal controlled by said line-relay, a
line-jack having a tip-spring permanently con-
nected to the common terminal of the differ-
entlal windings of said cut-off relay and a
sleeve-contact connected with the second line-

limb, cord connecting apparatus for connect-

ing said line with another for conversation.

‘and means whereby the connection of said

cord connecting apparatus with said line c¢loses
a circult of decreased resistance through one

winding of said cut-off relay to cause an
‘actuation thereof to destroy the substation

control of said line-signal.
24. In a telephone-exchange system, the
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combination with a telephone-line extending

by its limbs from a substation toanexchange,
of a source of current at the exchange for
supplying talking and signaling currents to

sald line, a cut-off relay having two differen-
tial windings included in an electrical path

from one of said line-limbs to a terminal of
sald source of current, a line-relay serially
included in a path from the second line-limb
to a second terminal of said source of current,

II0O

115

a line-signal controlled by said line-relay, a -

line-jack having a tip-spring permanently
connected to the common terminal of the dif-
tferential windings of said cut-off relay and a
sleeve-contact permanently directly connected
with the second line-limb, cord connecting
apparatus for connecting said line with an-
other for conversation, and means whereby
the connection of said cord connecting appa-
ratus with said line closes a circuit through
one winding of said cut-off relay to.cause an
actuation thereof to destroy the substation
control of said line-signal.- - )
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25. In a telephone-exchange system, the

combination with a telephone-line extending
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by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings permanently included i an electrical
path from one of said line-limbs to a termi-
nal of said source of current, a line-relay se-
rially included in a path from the second line-
limb to a second terminal of said source of
current, a line-signal controlled by said line-
relay, a line-jack having a tip-spring perma-
nently connected to the common terminal of
the differential windings of said cut-off relay
and a sleeve-contact connected with the sec-

ond line-limb, cord connecting apparatus for

connecting said line with another for con-
versation, and means whereby the connection
of said cord connecting apparatus with said
line closes a circuit through one winding of
said cut-off relay to cause an actuation there-
of to destroy the substation control of said
line-signal and to close a low-resistance path
in shunt of the other winding of the cut-oft
relay. |

96. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange Tor sup-
plving talking and signaling currents to sald
line. a cut-off relay having two differential
windings ineluded in a path from one of said
line - limbs to a grounded terminal of said
source of current, a line-relay serially included
in a path from the second line-limb to a sec-
ond thirty-volt terminal of said source ot cur-
rent, a line-signal controlled by said line-re-
lay. multiple line-jacks each having a b1p-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact permanently
directly connected with the second line-limb,
cord connecting apparatus for connecting said
line with another for conversation, and means
whereby the connection of said cord connect-
ing apparatus with said line closes a circult
through one winding of said cut-off relay to
cause an actuation thereof to destroy the sub-
station control of said line-signal, to close a
low-resistance path in shunt of the other wind-
ing of the cut-off relay, and to cause a connec-

tion of said sleeve-contact with a forty-volt
terminal of said source of current.

o7. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to sald
line, a cut-o
windings included in a path from one of salcl

line - limbs to a grounded terminal of said

source of current, a line-relay serially included
in a path from the second line-limb to a sec-
ond thirty-volt terminal of said source of cur-
rent, a line-signal controlled by sald line-re-

lay, multiple line-jacks each having a tip-

f relay having two differential

!

o)

spring permanently connected to the common
terminal of the differential windings of sald
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-

paratus for connecting said line with another

for conversation, and means whereby the con-
nection of said cord connecting apparatus with
said line closes a circuit through one wind-
ing of said cut-off relay to cause an actuation
thereof to destroy the substation control ot
said line-signal, to close a low-resistance path
' shunt of the other winding of the cut-oft
relay, and to cause a connection ot sald sleeve-
contact with a forty-volt terminal of said
source of current.

08. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
said line, a cut-off relay having two differ-
ential windings included in a path from one of
<aid line-limbs to a grounded terminal of said
source of current, a line-relay serially included
in a path from the second line-limb to a sec-
ond thirty-volt terminal of said source of cur-
rent, a line-signal controlled by said line-re-
lay, multiple line-jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact permanently
directly connected with the second line-limb,
cord connecting apparatus for connecting sald
line with another for conversation, means
whereby the connection of said cord connect-
ing apparatus with said line closes a circuit
throngh one winding ot said cut-off relay to
cause an actuation thereof to destroy the sub-
station control of said line-signal, and means
adapted upon actuation of said cut-off relay to
cause a connection of said sleeve-contact with
a forty-volt terminal of said sonrce of current.

00. In a telephone - exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
said line. a cut-off relay having two difter-
ential windings included in a path from one
of said line-limbs to a grounded terminal of
said source of current, a line-relay serially 1n-

cluded in a path from the second line-limb to

a second thirty-volt terminal of said source of
current, a line-signal controlled by sald line-
relay, multiple line-jacks each having a t1)p-
spring permanently connected to the common
torminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-
paratus for connecting sald line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
said line closes a circuit through one winding
of said cut-off relay to cause an actuation there-
of to destroy the substation control of sald
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line-signal, and meansadapted upon actuation |

of said cut-off relay to cause a connection of
sald sleeve-contact with a forty-volt terminal
of said source of current.

50. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying talking and signaling currents to
sald line, a cut-off relay having two. differ-
ential windings included in a path from one
of said line-limbs to a grounded terminal of
sald source of current, a line-relay serially
included in a path from the second line-limb
to a second thirty-volt terminal of said source
of current, a line-signal controlled by said
line-relay, multiple line-jacks each having a
tip-spring permanently connected to the com-
mon terminal of the differential windings of
said cut-off relay and a sleeve-contact per-
manently directly connected with the second
line-limb, cord connecting apparatus for con-
necting said line with another for conversa-
tlon, means whereby the connection of said
cord connecting apparatus with said line closes

‘a circult through one winding of said cut-off
relay to cause an actuation thereof to destroy

the substation control of said line-signal, to
close a low-resistance path in shunt of the
other .winding of- the cut-off relay, and to
cause a connection of said sleeve-contact with
a forty-volt terminal of sald source of cur-
rent, a testing-contact associated with said
cord connecting apparatus, a test-relay of high

resistance and high impedance having one ter- |

minal connected with the thirty-volt terminal
of said source of current. a test-contact con-

nected with the other terminal of said test-re--

lay, and a signaling device controlled by said
test-relay.

5l. In a telephone-exchange system. the
combination with a telephone-line extending

by its limbs from a substation to an exchange,

of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential

windings included in a path from one of said

line-limbs to a grounded terminal of said
source of current, aline-relay serially included
1n a path from the second line-limb to a sec-
ond thirty-volt terminal of said source of cur-
rent, a line-signal controlled by said line-re-
lay, multiple line-jacks each having a tip-
spring permanently connected to the COmMMon
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-
paratus for connecting said line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
sald line closes a circuit through one winding
of said cut-off relay to cause an actuation

thereot to destroy the substation control of
said line-signal, to close a low-resistance path
65 in shunt of the other winding ot the cut-off |
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relay, and to cause a connection of said sleeve-
contact with a forty-volt terminal of said

source of current, a testing-contact associated

with said cord connecting apparatus, a test-
relay of high resistance and high impedance

having one terminal connected with the thirty-

volt terminal of said source of current, a test-
contact connected with the other terminal of
said test-relay, and a signaling device con-
trolled by said test-relay. - -
32. In a telephone-exchange system, the
combination with a telephone-line extending

by 1ts limbs from a substation to an exchange,

ot a source of current at the exchange for sup-

plying talking and signaling currents to said

line, a cut-off relay having two differential
windings included in a path from one of said

line-limbs to a grounded terminal of said

source of current, aline-relay serially included
In a path from the second line-limb to a seec-
ond thirty-volt terminal of said source of cur-

rent, a line-signal controlled by said line-re- -

lay, multiple line-jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a'sleeve-contact permanently

directly connected with the second Iine-limb,

cord connecting apparatus for connecting said
line with another for conversation, means
whereby the connection of said cord connect-
Ing apparatus with said line closes a circuit

through one winding of said cut-off relay to

~cause an actuation thereof to destroy the sub-

station control of said line-signal, means
adapted upon actuation of said cut-off relay

to cause a connection of said sleeve-contact

with a forty-volt terminal of said source of
current, a testing-contact associated with said
cord connecting apparatus, a test-relay of high

resistance and high impedance having one ter-:

minal connected with the thirty-volt terminal
of said source of current, a test-contact con-
nected with the other terminal of said tesf-

relay, and a signaling device controlled by said

test-relay. | _
35. In a telephone - exchange system, the

combination with a telephone-line extending

by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings incladed in a path from oune of said
line-limbs to a grounded terminal of said
source of current, aline-relay serially included
in a path from the second line-limb to a sec-
ond thirty-volt terminal of said source of cur-
rent, a line-signal controlled by said line-re-

lay, multiple line-jacks each having a tip-

spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-conuact connected
with thesecond line-limb, cord connecting ap-
paratus for connecting said line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
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said line closes a circuit through one winding

of said cut-off relay to cause an actuation

thereof to destroy the substation control of
said line-sional, and means adapted upon ac-
tnation of sald cut-off relay to cause a connec-

tion of said sieeve-contact with a forty-volt

terminal of said source of current, a testing-
contact associated with said cord connecting
apparatus, a test-relay of high resistance and

‘highimpedance having one terminal connected

with the thirty-volt terminal of said source of
current, atest-contact connected with the other
terminal of said test-relay,and a signaling de-
vice controlled by said test-relay.

34. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings included in a path from one of said
line - limbs to a grounded terminal of said
source of current, a line-relay serially 1n-
cluded in a path from the second line-limb to
a second thirty-volt terminal of said source ot
current, a line-signal controlled by said line-
relay, multiple line-jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact permanently
directly connected with the second line-limb,

cord connecting apparatus for connecting said

line with another for conversation, means

whereby the connection of said cord connect-

ine apparatus with said line closes a circutt

through one winding of said- cut-off relay to
cause an actuation thereof to destroy the sub-
station control of said line-signal to close a
low-resistance path in shunt of the other wind-
ing of the cut-off relay,and to cause a connec-
tion of said sleeve-contact with a forty-volt

terminal of said source of current, a testing-

contact associated with said cord connecting
apparatus, a test-relay having one terminal
connected with the thirty-volt terminal of said
source of current, a test-contact connected
with the other terminal of said test-relay, and
a signaling device controlled by said test-re-
lay. |
35. In a telephone - exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of asource of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings included in a path from one ot said
line - limbs to a grounded terminal of said
source of current, a line-relay serially 1n-
cluded in a path from the second line-limb to
a second thirty-volt terminal of said source of
current, a line-signal controlled by said line-
relay, multiple line-jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and & sleeve-contact connected

with the second line-limb, cord connecting ap-
paratus for connecting said line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
said line closes a circuit through one winding
of said cut-off relay to cause an actuation

thereof to destrov the substation control of

said line-sional to close a low-resistance path
in shunt of the other winding of the cut-off
relay, and to cause a connection of said sleeve-
contact with a forty - volt terminal of said
source of carrent, a testing-contact associated

“with said cord connecting apparatus, a test-

relay having one terminal connected with the
thirty-volt terminal of said source of current,
a test-contact connected with the other ter-
minal of said test-relay, and a signaling de-
vice controlled by said test-relay.

36. In a telephone -exchange system, -the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-

plying talking and signaling currents to said

line, a cut-off relay having two differential
windings included in a path from one of said
line - limbs to a grounded terminal of said
source of current, a line-relay serially 1n-
cluded in a path from the second line-limb to
a second thirty-volt terminal of said source ot
current, a line-signal controlled by said line-
relay. multiple line-jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact permanently
directly connected with the second line-limb,
cord connecting apparatus for connecting said
line with anocther for conversation, means
whereby the connection of said cord connect-
ing apparatus with said line closes a circuit
through one winding of said cut-off relay to
cause an actuation thereof to destroy the sub-
station control of said line-signal, and means.
adapted upon actuation of said cut-off relay
to cause a connection of sald sleeve-contact
with a forty-volt terminal of said source of
current, a testing-contact associated with said
cord connecting apparatus, a test-relay hav-
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ing one terminal connected with the thirty-

volt terminal of sald source of current, a test-
contact connected with the other terminal of
said test-relay, and a signaling device con-
trolled by said test-relay. '

37. In a telephone - exchange system, the
combination with a telephone-line extending
by its limbs from a substation toan exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut-off relay having two differential
windings included in a path from one of said
line - limbs to a grounded terminal of said
source of current, a line-relay serially 1n-
cluded in a path from the second line-limb to
a second thirty-volt terminal of said source of
current, a line-signal controlled by said line-
relay, multiple-line jacks each having a tip-
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spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting
apparatus for connecting sald line with an-
other for conversation, means whereby the
connection of said cord connecting apparatus

“with said line closes a circeuit throue'h one
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winding of said cut-off relay to cause an ac-
tuation thereot to destroy the substation con-
trol of said line-signal, and means adapted
upon actuation of said cut-off relay to cause
a connection of said sleeve-contact with a
forty-volt terminal of said source of current,
a testing -contact associated with said cord
connecting apparatus, a test-relay having one
terminal connected with the thirty-volt termi-
nal of said source of current, a test-contact
connected with the other termmal of said test-
relay, and a signaling device controlled by
said test-relay.

38. In a telephone- exchdncre system, the
combination with a telephone line extending
by its limbs from a substation to an exchtmwe
of a source of current at the exchange for sup-
plying talking and signaling currents to said
line, a cut- of" relfw hcwme two differential
wmdmgs included 1n a Jpa,th from one of said
line-limbs to a grounded terminal of said
source of current, a line-relay serially in-
cluded in a path from the second line-limb to
a second thirty-volt terminal of said source of
current, a line-signal controlled by said line-
relav multiple lme -jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-ofl relay and a sleeve-contact permfment] %
directly connected with the second line-limb,
cord connecting apparatus for connecting said
line with another for conversation, means
WhEI‘BbV the connection of said cord connect—
ing apparatus with said line closes a cireuit
through one winding of said cut-off relay to
cause an actuation thereot to destroy the sub-
station control of said line-signal to close a
low - resistance path in shunt of the other
winding of the cut-off relay, and to cause a
connection of said sleeve-contact with a forty-
volt terminal of said source of current, a test-
Ing-contact associated with said cord eonneet—
Ing apparatus, a test-relay having one termi-
nal connected with the thirty-volt terminal of
sald source of current, a test-contact connected
with the other temmml of said test-relay, anc
a signaling device controlled by said test-re-
lay, ‘the relative resistance and adjustment of

sald line-signal and said test-relay being sach

that the line- signal will be actuated bV any
leakage-current > of suflicient strength to cause
the actuation of said test-relay.

39.. In a telephone - exchange system, the
combination with a telephone- Tine extending
by 1ts hmbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to said

of

cut-o
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line, a cut-off relav having two differential

windings included in a path from one of said

line - hmbs to a grounded terminal of said
source of current, aline-relay serially included
in a path from the second line- limb to a sec-
ond thirty-volt terminal of said source of cur-
rent, a line-signal controlled by said line-re-
lay, multiple llne jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-
paratus for connecting sald line with another
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
sald line closes a circuit th rouﬁ'h one winding
said cut-off relay to cause an actuation
thereof to destroy the substation control of

said line-signal to close a low-resistance path

in shunt of the other winding of the cut-off
relay, and to cause a connection of said sleeye-
contact with a forty - volt terminal of said
source of current, a testing-contact associated

‘with said cord conneetino“ apparatus, a test-

relay having one terminal connected with the
thirty-volt termmal of said source of current,
a test-contact connected with the other terini-
nal of said test-relay, and a signaling device
controlled by said test-relay, the relatlve re-

sistance and adjustment of said line-signal and

said test-relay being such that the lme-swml
willbe actuated bydny]eak&ge current of suffi-
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cient strength to cause the actuation of said

test-relay.

40. In a telephone exchange system, ‘the
combination with a telephone- hne extendmo'
by 1ts limbs from a substation to an exc,hamre
of a source of current at the exchange for sup-

plying talking and signaling currents to said

line, a cut- off le]zw havmc}" two differential
Wmdmos included 1n a pa,th from one of said
line-]imbs to a grounded terminal of said
source ot current, aline-relay serial.
In a path from the second line-limb to a sec-
ond thirty-volt terminal of said source of cur-

rent, a line-signal controlled by said line-re-

lay, multiple-line jacks each having a tip-
spring permanently connected to the common
ter mma,l of the differential windings of said
T relay and a sleeve-contact permanently
directly connected with the second line-limb.
cord connecting apparatus for connecting said

line with another for conversation, means

whereby the connection of said cord connect—

- ing apparatus with said line closes a ecircuit

through one winding of said cut-off relay to
cause an actuation thereof to destroy the sub-
station control of said line-signal, and means

adapted upon actuation of said cut-off relay to

cause a connection of said sleeve-contact with
a forty-volt terminal of said source of current,

a testing - contact associated with said c,ord
conneutmcr apparatus, a test-relay having one
terminal connected with the thlrtv—volt ter-
minal of said source of current, a test-contact
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100

[O§

ITO

115

120

I25

(30




L0

20

30

35

40

45

50

55

r60

804,077

connected with the other terminal of said test-

said test-relay. the relative resistance and ad-
justment of said line-signaland said test-relay
beine such that the line-signal will be actuated
by any leakage-current of suilicient strength
to cause the actuation of said test-relay.

41. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs trom asubstation to an exchange,
of a source of current at the exchange for sup-
plying talking and signaling currents to sald
line, a cut-off relay having two differential
windings included in a path from one of said
line - limbs to a grounded terminal of said
source of current, aline-relay serially included
in a path from the second line-limb to a sec-
ond thirty-volt terminal of said source of cur-
rent, a line-signal controlled by said line-re-
lay, multiple line-jacks each having a tip-
spring permanently connected to the common
terminal of the differential windings of said
cut-off relay and a sleeve-contact connected
with the second line-limb, cord connecting ap-
paratus for connecting said line with another
for conversation, means whereby the connec-
tion of said cord- connecting apparatus with
said line closes a circuit through one winding
ot said cut-off relay to cause an actuation there-
of to destroy the substation control of- said
line-signal, and means adapted upon actuation
of said cut-off relay to cause a connection of
said sieeve-contact with a forty-volt terminal
of said source of current, a testing-contact as-
sociated with said cord connecting apparatus,
a test-relay having one terminal connected
with the thirty-volt terminal of said source ot

current, a test-contact connected with the |

other terminal of said test-relay, and a sig-
naling device controlled by said test-relay, the
relative resistance and adjustment of said line-

signal and said test-relay being such that the

line-signal will be actuated by any leakage-
current of sufficient strength to cause the ac-
tuation of said test-relay. |

49. In a telephone-exchange system, the
combination with a source of current at the
central exchange adapted to supply signaling
and talking currents to telephone-lines, of a
line-jack, a test-thimble thereof adapted to
form a part of a telephonic talking-circuit, a
telephone-line circuit whose conductive con-
tinuity is controlled by switching apparatus
located at the associated substation adapted
to maintain said test-thimble at a normal po-
tential intermediate between the potentials of
the extreme terminals of said source of cur-
rent, and adapted to cause a reduction in said
normal potential upon a closure of the line-
cireuit at said substation, cord connecting ap-
paratus at the exchange having a plug adapt-
od for insertion within said line-jack, means
whereby the insertion of said plug within said

line-jack, when said line-circuit is conduct-
ively discontinuous through the substation

relay, and a signaling device controlled by

J.&3

apparatus, causes a rise in the potential of the '

test-thimble above the normal potential there-
of, and a test-relay of high impedance and re-
sistance having one terminal connected to a
terminal of said source of current whose po-
tential is equal to the normal potential of said
test-thimble and whose other terminal 1s con-
nected to a test-contact. |
43. In a telephone-exchange system, the
combination with a source of current at the

central exchange adapted to supply signaling

and talking currents to telephone-lines, of a
line-jack, a test-thimble thereof adapted to
form a part of a telephonic talking-circuit,
a telephone-line circuit whose conductive con-
tinuity is controlled by switching apparatus
located at the associated substation, adapted
to maintain said test-thimble at a normal po-
tential intermediate between the potentials of
the extreme terminals of said source of cur-
rent, and adapted to cause a reductionin sald
normal potential upon a closure of the line-
circuit at said substation, cord connecting ap-
paratus at the exchange having a plug adapt-
ed for insertion within said line-jack, means

line-jack, when said line-circuit is conduct-
ively discontinuous through the substation
apparatus, causes a rise In the potential of
the test-thimble above the normal potential
thereof. and a test-circuit having a test-con-
tact charged to the normal potential of said
test-thimble. | E |

44. In a telephone-exchange system, the

combination with a source of current at the

central exchange adapted to supply signaling
and talking earrents to telephone-lines, of a
line-jack, a test-thimble thereof adapted to
form a part of a telephonic talking-circuit, a
telephone-line circuit whose conductive con-
tinuity is controlled by switching apparatus
located at the associated substation, adapted
to maintain said test-thimble at a normal po-
tential intermediate between the potentials ot
the extreme terminals of said source of cur-
rent, and adapted to cause a reduction in sald
normal potential upon a closure of the line-
circuit at said substation, cord connecting ap-
paratus at the exchange having a plug adapt-
od for insertion within said line-jack, means
whereby the insertion of said plug within said
line-jack, when said ‘line-circuit is conduct-
ively discontinuous through the substation
apparatus, causes a rise in the potential of
the test-thimble above the normal potential
thereof, and a test-relay having one terminal
connected to a terminal of sald source of cur-
rent, whose potential is equal to the normal
potential of said test-thimble and whose other
terminal is connected to a test-contact.

45. In a telephone-exchange system, the
combination with a central exchange, of a tele-

| phone-line leading therefrom and terminating

in substation apparatus, a source of current

at the exchange for supplying talking and sig-
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naling currents to the substation, a positive
grounded bus-bar connected with one termi-
nal of said battery, a negative bus-bar con-
nected with the other terminal of said bat-
tery, a third bus-bar connected with a point

Intermediate of said battery, a cut-off relay
having two differential windings, one limb of

said telephone-line being connected serially
through said windings with the grounded bus-
bar, a line-relay, a combined test and line
spring permanently connected with the other
line-limb and normally connected through an
armature of the cut-off relay and through the
winding of said line-relay with the intermedi-
ate bus-bar, and cord connecting apparatus at
the central exchange, connection of said cord
connecting apparatus with said line causing
closure of a local circuit through one wind-

- 1ng of said cut-off relay, whereby said line-

20

30

35

4.0

45

- 60

relay becomes inert, and whereby said test-
spring 18 disconnected from the intermediate
bus-bar and connected through the cord-cir-
cult, with the negative bus-bar. |
46. In a telephone-exchange system, the
combination with acentral exchange, of a tele-

phone-line leading therefrom and terminating,

In substation apparatus, a battery at the cen-
tral exchange, a grounded bus-bar connected
with the positive terminal of said battery, a
negative bus-bar connected with the negative
terminal of said battery, an intermediate bus-
bar connectéd with an ‘intermediate point of
said battery, one limb of said line being per-
manently connected with the grounded bus-

bar, a line-spring permanently connected with

said limb, a combined test and line spring per-
manently connected with the other line-limb

and normally connected with the intermediate

bus-bar, and cord cennecting apparatus at the
central exchange, connection of said cord con-
necting apparatus with said line-springs caus-
g said test-spring to be disconnected from
sald intermediate bus-bar and to be connected
with the negative bus-bar through cord-cir-
cult conductors. |

47. In a telephone-exchange system, the
combination with a central exchange, of a tele-
phone-line leading therefrom and terminating
In substation apparatus, a source of current
at the central exchange, a grounded bus-bar
connected with the positive terminal of said
source, a negative bus-bar connected with the
other terminal of said source, an interme-
diate bus-bar connected with an intermedi-
ate point of =aid source, one line-limb be-
ing permanently connected with the positive
bus-bar, the other line-limb being normally
connected with the intermediate bus-bar, mul-
tiple spring-jacks connected with said line,
the tip-springs of said jacks being permanently

804,077

connected to the first line-limb. combined test
and line springs for said spring-jacks, perma-
nently connected with the other line-limb and

‘normally with the intermediate bus-bar, an
operator’s cord-circuit at the central exchange

and an operator’s listening-key therefor, a
test-relay permanently connected with the in-
termediate bus-bar and normally disconnected
from said cord-circuit, insertion of a plug in
one of said multiple jacks causing the test-
springs to be disconnected from the interme-
diate bus-bar and to be connected with the
negative bus-bar through cord-circuit con-
ductors, actuation of said listening-key and
contact with the tip of the test-plug of said
cord-circuit with another test-spring of the
multiple jacks when a plug is inserted in one
of said jacks causing current-flow through
sald test-relay, a local circuit controlled by
sald test-relay and bridged between the posi-
tive bus-bar and the intermediate bus-bar, and

local cir-

a signaling device included in said
cult adapted to be actuated upon closure ot
sald local circuit by said test-relay.

48. In a telephoné-exchange system, the

combination withatelephone-lineleading from

a central exchange and terminating in sub-
station apparatus, of a battery at the central
exchange for supplying talking and signaling
currents tor said substation, one terminal of
sald source being grounded, multiple spring-

Jacks connected with said line, a combined line

and test spring for each multiple jack perma-
nently connected with one line-limb and nor-
mally connected with an intermediate point
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of said battery, an operator’s cord-circuit at

the central exchange, a test-relay associated
with said cord-circuit having one terminal

permanently connected with said intermediate

point, an operator’s listening-key, actuation
of said key causing the tip of the test-plug
oi sald cord-circuit to be connected through

sald test-relay with said intermediate point,

insertion of a plug in one of said multiple
Jacks causing said test-spring to be discon-
nected from said intermediate point and to
be connected with one of the terminals of said
source, whereby the potential of the test-

- springs of said multiple jacks is raised, and
~whereby contact of a testing-tip with one of

said testing-springs will cause actuation of
sald test-relay upon actuation of said listening-
key, and alocal circuitincluding signaling ap-
paratus controlled by said test-relay.

In witness whereof I hereunto subscribe my

‘name this 5th day of May, A. D. 1903.

HARRY G. WEBSTER.
Witnesses:
Lyny A. WiLLiawms,
- Harvey L. Hansox.
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