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SPECIFICATION forming part of Letters Patent No. 775,228, dated November 15, 1904,
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To all whom it may concern:

Be it known that I, Harry G. WEBSTER, a
citizen of the United States, residing at Chi-
cago, in the county of Cook and State of 11li-
nois, have invented a certain new and usetul
Improvement in Telephone - Exchange Sys-
tems, ot which the following is a full, clear,
concise, and exact description, reference be-
ing had to the accompanying drawings, form-
ing a part of this specification.

My invention relates to telephone-exchange
systems, and more particularly to common-
battery exchange systems in which a differ-
ential cut-off relay is employed.

The principal objects of my invention are
to provide a ditferential-relay system in which
detective insulation or leakage on a telephone-
line will not impair the satisfactory and effi-
cient operation of the system, to provide an
improved means whereby the operator may
test the condition of the line to ascertain
whether or not the same is in use, and to pro-
vide a satisfactory system of great simplicity
and freedom from defective operation due
to the use of complicated parts and cord-cir-
cuits.

The objects of my invention are attained by

the provision of a common source of caurrent

at the central exchange to the terminals of
which are permanently connected the two
limbs of each line leading to a subscriber’s
substation.

One of the limbs of the telephone-line is
connected with a terminal of this battery
through a serially - included impedance-coil
adapted to prevent the short-circuiting of
voice-currents. The outer limb of each line
is connected with a terminal of the common
source of current through a line-relay and the
two differential coils of the cut-off relay.
Means are provided whereby the insertion of

the plug of a suitable cord-circuit within a

line-jack closes a circuit of decreased resist-
ance through one of the windings of the dif-
ferential cut-off relay, whereby the core of the
cut-off relay is given a net energization to ac-
tuate the armature thereof. Theactuation of

this cut-off-relay armature closes a shunt-cir-

cuit of low resistance about the other wind-
ing of the cut-off relay and the serially-con-
nected winding of the line-relay.

The contacts of the spring-jacks are perma-
nently connected with the two limbs of the
telephone-line, the test-contacts, however, be-
ing normally connected with the limb leading
to thesubstation through the intervening line-
relay and a winding of the cut-off relay. The
actuation of the cut-off relay, however, con-
nects the test-contacts of the spring-jacks di-
rectly with this limb of the telephone-line
without the intervention of inductive resist-
ance.

My invention will be fully understood by
reterence to the accompanying drawings, dia-
grammatically illustrating the circuits and
mechanism constituting a preferred embodi-
ment of my invention.

1 have illustrated at each of the substations
A and B the usual substation telephoneappa-
ratus, comprising in each instance a switch-
hook 1, adapted when in its lower depressed
position to connect the limbs 2 and 3 of the
telephone-line in circuit with a call-bell 4 and
a serially-connected condenser 5. When in
its abnormal upper position, due to the re-
moval of the receiver 6, the switch-hoolk
serves to close a continuouns circuit through
the battery-transmitter 7 and the primary 8
of the induction-coil 9, which is serially con-
nected with receiver 6. The limbs 2 and 3
of the telephone-line extend to the exchange
C, where the limbs 3 are connected each with
the positive pole of a common battery 10
through an impedance-coil 11. The limbs 2
of the telephone-line are connected with the
negative pole of the battery 10, each limb se-
rially including in cireuit therewith the wind-
ing of the line-relay 12 and the differential
windings 13 and 14 of the cut-off relay 15.
The armature 16 of the cut-off relay serves,
when in itsattracted position, to close a shunt-
circuit of low resistance about the winding
of the line-relay 12 and winding 18 of the dit-
ferential cut-off relay 15. The tip-springs 17
17 of the answering-jack 18 and the multiple
calling-jacks 19 19 are permanently connect-
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ed with the limb 3 of the telephone-line. The
sleeve-contacts 20, which are also the testing-
thimbles of these jacks, are connected to a
common terminal of the windings 13 and 14
of the differential cut-off 15.

The form of cord-connecting apparatus em-
ployed comprises an answering-plug 21 and a
calling- plug 22, the tip-contacts of these
plugs being connected by a tip-strand 23, and
the sleeve-contacts of the plugs being connect-
ed by a sleeve-strand 24. There are serially
included in the tip-strand 23 the supervisory
relays 25 and 26, which relays, however, are
shunted by the condenser 27, the condenser
serving to more readily transmit voice-cur-
rents through the cord-circuit. The usual
ringing and listening key 28 serves when ma-
nipulated in one direction to connect the ring-
ing-generator 29 in bridge of the cord-strands
leading to the calling-plug while when ma-
nipulated in the reverse direction it serves
to connect the operator’s telephone set 30 in
bridge of the cord-circuit. A supervisory
controlling-relay 31 is connected, as shown,
hetween the positive grounded side of the
battery 10 and the contact 32, normally mak-
ing connection with the sleeve-spring of the
listening-key. One terminal of each of the
supervisory signal-lamps 33 and 34 is con-
nected by a conductor 35 with the negative
pole of the battery 10. The armatures 36
and 87 of the supervisory relays 25 and 26
serve when in their unattracted positions and
in connection with the attracted armature 38
of the supervisory controlling-relay 31 to
close the -circuit through these supervisory
lamps 33 and 34.

There is wound in inductive relation to the
induction-coil of the telephone set the test-
winding 89, whose terminals are connected,
one with the contact 40 of the listening-key
and the other through the conductor 41 with
the negative pole of the battery 10. A re-
sistance 42 is connected between the contact
43 of the listening-key and the negative pole
of the battery. .

The operation of the system of my inven-
tion may be explained as follows: The sub-
seriber at substation A desiring a connection
with subscriber at substation B removes his
receiver from the switch-hook, thereby clos-
ing the cireuit between the limbs 2 and 3 of
the associated telephone-line. A circuit may
then be traced as follows: from the positive
pole of the battery 10, through the impedance-
coil 11 and the limbs 3 and 2 of the telephone-
line leading to substation A, to the line-relay
12, the differential coils 13 and 14 of the cut-
off relay 15 to the negative pole of the bat-
tery 10. On account of the differential wind-
ing of the coils 13 and 14 the core of the cut-
off relay receives no net energization due to
.the current flowing through this circuit. The
line-relay 12, however, is actuated to produce
g visnal signal, whichis apprehended by the
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central-station operator, who inserts the an-
swering- plug 21 of her cord-circuit within
the answering-jack 18 of the line leading to
the calling-subscriber at substation A. “The

insertion of this answering-plug within the

answering-jack causes the closure of a circuit
which may be traced as follows: from the posi-
tive pole of the battery 10, through the wind-
ing of the supervisory controlling-relay 31,
the sleeve-strand 24 of the cord-circuit, the
sleeve-contact 20 of the answering-jack 18,
the winding 14 of the differential relay 15,-to
the negative pole of the battery 10. This cir-
cuit through the winding 14 being of decreased
resistance causes a net energization of the core
of the cut-off relay 15 and causes the attrac-
tion of its armature 16. A short-circuis path
is thereby closed in shunt of the line-relay 12
and the winding 13 of the cut-off relay. The
line-relay is thereby sufficiently deénergized
to cause its restoration, while the test-thimbles
forming the sleeve-contacts of the line-jacks
are connected through this short-cireuit shunt-
path directly with the limb 2, leading to sub-
station A, without the intervention of the in-
ductive resistance of the line-relay of the
winding 13 of the cut-off relay.

Having established the connection between
the cord connecting apparatus and the line
leading to the calling-subscriber’s instrument,
the operator manipulates her listening-key
connecting her telephone set in bridge of this
line and thereupon ascertains in the well-
known manner the substation with which the
calling subscriber desires connection. She
thereupon inserts her calling-plug 22 within
a calling-jack 19 associated with theline lead-
ing to the substation B and manipulates her
ringing-key to connect the generator 29 in
bridge ot the cord-circuit, whereupon a call-
ing-current passes through the call-bell 4 at
substation B to sienal the subscriber thereat.
The insertion of the plug 22 within the call-
ing-jack 19 closes a circuit of decreased re-
sistance through the winding 14 of the cut-off
relay associated with the line to substation B
similar to that traced in connection with the
apparatus associated with the line running to
substation A. The cut-off relay is thereupon
energized to attract its armature 16, where-
upon the sleeve-contacts of the spring-jacks
are connected directly with the limb 2 leading
to substation B, and the energization of the
line-relay 12 upon the removal of the receiver
from its hook at substation B is prevented.

The insertion of the answering-plug 21 with-
in a spring-jack associated with the calling-
substation A caused the closure of the follow-
ing circuit through the supervisory relay 25:
from the positive grounded pole of the bat-
tery 10, through the supervisory relay 25, the
tip-strand 23, the tip-spring 17 of the answer-
ing-jack 18, the limb 3, the transmitter 7, the
primary coil 8, the switch-hook 1, the limb 2,
through the shunt-circuit about the line-relay
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12and winding 13 of the cut-off relay, through
the winding 14 of the relay to the negative
pole of the battery 10.

The consequent energization of the super-
visory relay 25 will have caused the attraction
of its armature 36, thereby preventing the
illumination of the corresponding supervisory
lamp 33 upon the attraction of the armature
38, which connects the armatures 36 and 37
with the positive pole of the battery 10. No
such cireuit, however, can be traced through
the supervisory relay 26 until the subscriber
at substation B removes his receiver from its
hook.  The lamp 34 therefor will glow to give
the exchange-operator a suitable signal as to
whether or not the subseriber at substation B
has answered his call.  As explained in con-
nection with the apparatus associated with
substation A, the removal of the receiver from
its switch-hook at substation B causes the
closure of a circuit through the supervisory
relay 26, whose armature 37 is thereupon at-
tracted to cause the extinguishment of the
supervisory lamp 34.

Asis well understood by those skilled in the
art, it is deairable that an operator have means
of testing a line before the insertion of her
calling-plug with the associated jack to ascer-
tain whether or not such line is in use. The
means of applying such 2 busy test in connec-
tion with my improved system is as follows:
Lt will be seen that the test-thimbles 20 of an
idle line are connected throngh the winding
14 of theassociated cut-off relay with the nega-
tive pole of the battery 10. Since there is no
current flowing through this cireuit of an idle
line, these test-thimbles are normally charged
to the potential of the negative terminal of the
battery 10. The insertion of the plug of the
cord-circuit within any one of the multiple
Jacks connected with a given line causes the
closure of an electrical cireuit through the
winding 14 of the corresponding cut-off relay,
the sleeve-strand 24 of the cord-circuit, and
the winding of the supervisory controlling-
relay 31, which is connected with the positive
poleof the battery. A current flowing through
this eirvcuit causes a drop in the potential of
the test-thimbles connected therewith. Thus
the test-thimbles of an idle line are maintained
at the potential of the negative pole of the bat-
tery 10, while the test-thimbles of a busy line
are caused to assumea somewhat lower poten-
tial. The tip-strand 23, connected with the tip-
contact of the plug 22, which is used in conjunc-
tion with the test-thimbles 20to test the con-
dition of a line,is normally maintained at the

zero potential of the grounded positive side of |

the battery 10; but a manipulation of the lis-
tening-key,whichalways precedes the applica-

{
|

tionof the tip of the testing-plug toa test-thim- :

ble, causes, by means of the contact 40 and the
circuit leading therefrom through the test-

H
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tial of the tip of the plug 22 to that of the
negative pole of the battery 10.  The tip of
the testing-plug being thus brought to the po-
tential of the negative pole of the battery is
applied in making a busy test to a test-thim-
ble. If this test-thimble is connected with an
idle line, it, too, will be at the potential of the
negative pole of the battery 10, whereupon
no current is caused to How through the test-
winding 39, and the operator perceiving no
click in her telephone-receiver is made aware
of the fact that the tested line is not in use.
It, on the other hand, as previously pointed
out, the line is busy, the associated test-thim-
bles will be charged to a reduced potential,
whereupon the connection between the tip-
contact of the calling-plug and the test-thim-
ble of the tested line will cause & carrent to
flow through the test-winding 39, whereby
the consequent click in the operator’s tele-
phone apprises her of the busy condition of
the tested line.

While I have herein described one particu-
lar embodiment of my invention, it will be
apparent to those skilled in the art that many
modifications may be made without departing
from the principles involved, and T therefore
do not wish to limit myself to the precise dis-
closure herein set forth; but,

Having described my invention, I elain as
new and desire to secure by Lotters Patent-—

1. Inatelephone-exchange system,the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
Himbs from the terminals of said source of cur-
rent to asubstation, a line-relay and the wind-
ings of a ditferential cut-off relay pe rmanently
serially included in cirenit with one limb of
said line, cord connecting apparatus for con-
necting said line with another for conversa-
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-oft relay to cause an
actuation thereot.

2. Inatelephone-exchange system, the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of
current to a substation, a line-relay and the
windings of a ditterential cut-off relay perma-
nently included in eircuit with one limly of
said line, cord connecting apparatus for con-
necting said line with another for conversa-
tion, and means whereby the connection of
said cord connecting apparatus with said line
closesacircuitof decreased vesistance through
one winding of said cut-ofl relay to cause an
actuation thercof.

3. Inatelephone-exchange system, the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of

winding 39 and conductor 41 to the negative | current to a substation, a line-relay and the
pole of the battery 10, a change in the poten- windings of a differential cut-oft relay serially
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included in circuit with one limb of said line,
a test-contact permanently connected to the
common terminal of the windings of said cut-
oft relay, cord connecting apparatus for con-
necting said line with another for conversa-
tion, and means whereby the connection of
said 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.

4. Inatelephone-exchange system,the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, a line-relay and the wind-
ings of a differential cut-off relay permanently
serially included in circuit with one limb of
said line, a spring-jack having a contact per-
manently connected with the other limb of
said line, and a test-contact permanently con-
nected with the common terminal of the two
windings of the cut-off relay, 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 of decreased
resistance through one winding of said cut-oft
relay to cause an actuation thereof.

5. Inatelephone-exchange system,the com-
bination with a source of current at the ex-
change having one terminal permanently con-
nected to the ground, of a telephone-line ex-
tending by its limbs from the terminals of
said source of current to a substation, a line-
relay and the windings of a differential cut-off
relay permanently serially included in circuit
with the limb of said line not connected with
the grounded terminal of. said source of cur-
rent, a spring-jack having a contact perma-
nently connected with the other limb of said
line, and a test-thimble permanently connect-
ed with the common terminal of the two wind-
ings of said cut-off relay, cord connecting ap-
paratus for connecting said line with another
for conversation and means whereby the con-
nection ot said cord connecting apparatus with
said line closes a circuit of decreased resist-
ance through one winding of said cut-off relay
to cause an actuation thereof.

6. Inatelephone-exchangesystem,the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
limbs trom the terminals of said source of cur-
rent to a substation, a line-relay and the wind-
ings of a differential cut-off relay permanently
serially included in circuit with one limb of
said line, cord connecting apparatus for con-
necting said line with another for conversa-
tion, means whereby the connection of said
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, and switching means controlled
by the actuation of said cut-off relay to close

775,228

of one winding of said cut-off relay and the
line-relay. ‘

7. Inatelephone-exchange system,the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, a line-relay and the wind-
ings of a differential cut-oft relay permanently
serially included in circuit with one limb of
said line, cord connecting apparatus for con-
necting said line with another for conversa-
tion, means whereby the connection of said
cord connecting apparatus withsaid line closes
a circuit of decreased resistance through one
winding of said cut-off relay to cause anactu-
ation thereof, and switching means controlled
by the actuation of said cut-off relay to close
a low-resistance circuit in shunt of one wind-
ing of said cut-off relay and the line-relay.

3. Inatelephone-exchangesystem, the com-
bination with a source of current at the ex-
change, of .a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, a line-relay and the wind-
ings of adifferential cut-off relay permanently
included in circuit with one limb of said line,
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,
and switching means controlled by the actua-

tion of said cut-off relay to close a low-resist-'

ance non-inductive circuit in shunt of one
winding of said cut-off relay and the line-relay.

9. Inatelephone-exchange system,the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of
current to a substation, a line-relay and the
windings of a differential cut-off relay per-

manently included in circuit with one limb of -

said line, cord connecting apparatus for con-
necting said line with another for conversa-
tion, means whereby the connection of said
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, and switching means controlled
by the actuation of said cut-off relay to close
a low-resistance circuit in shunt of one wind-
ing of said cut-off relay and the line-relay.
10. In a telephone-exchange system, the
combination with asource of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cux-
rent to a substation, a line-relay and the wind-
ings of a differential cut-off relay serially in-
cluded in cireuit with one lirab of said line,
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 cireunit of

a low-resistance non-inductive circuit in shunt | decreased resistance through one winding of

70

75

8o

85

90

95

100

105

I10

115

120

125

130




10

5

20

[ ]
(92}

30

35

40

50

55

60

775,228 3

said cut-off relay to cause an actuation of said
cut-off relay to close a low-resistance non-in-
ductive circuit in shunt of one winding of said
cut-off relay and the line-relay.

11. In a telephone-exchange system, the
combination with a source of currentat the ex-
change, of a telephone-line extending by ‘its
limbs from the terminals ot said source of cur-
rent to a substation, a line-relay and the wind-
ings of a differential cut-off relay serially in-
cluded in circuit with one limb of said line,
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, and switching means controlled by
the actuation of said cut-off relay to close a
low-resistance circuit in shunt of one winding
of said cut-off relay and the line-relay.

12. In a telephone - exchange system, the
combination with a source of current at the ex-
change, of a telephone-line extending by its
limbs trom the terminals ot said source of cur-
rent to a substation, a line-relay and the wind-
ings of adifferential cut-off relay permanently
serially included in circuit with one limb of
said line, a spring-jack having a contact per-
manently connected with the other limb of
said line and a test-contact permanently con-
nected with the common terminal of the two
windings of the cut-off relay, cord connecting
apparatus for connecting said line with an-
other for conversation. means whereby the
connection of said cord connecting apparatus
with said line closes a circuit of decreased re-
sistance through one winding of said cut-of!
relay to cause an actuation thereof, and switch-
ing means controlled by the actuation of said
cut-off relay to close a low-resistance non-in-
ductive circuit in shunt of one winding of said
cut-off relay and the line-relay.

13. In a telephone - exchange system, the
combination with asource of currentat the ex-
change, of a telephone-line extending by its
limbs trom the terminals of said source of eur-
rent to a substation, a line-relay and the wind-
ings of a ditferential cut-off relay serially in-
claded in circuit with one limb of said line, a
spring-jack having a contact connected with
one limb of said line and a test-contact con-
nected with the common terminal of the two
windings of the cut-off relay, cord connecting
apparatus for connecting said line with an-
other for conversation, means whereby the
connection of said cord connecting apparatus
with said line closes a circuit of decreased re-
sistance through one winding of said cut-oft
relay to cause an actuation thereof, and switch-
ing means controlled by the actuation of said
cut-off relay to close a low-resistance non-in-
ductive circuit in shunt of one winding of said
cut-off relay and the line-relay, whereby said
test-contactis connected directly with the limb

of said line through a low-resistance non-in-
ductive circuit.

14. In a telephone - exchange system, the
combination with a source of current at the ex-
change having one terminal permanently con-
nected to the ground, of a telephone-line ex-
tending by its limbs from the terminals of
said source of current to a substation, a line-
relay and the windings of a differential cut-
off relay permanently serially included in cir-
cuit with the limb of said line not connected
with the grounded terminal of said source of
current, a spring-jack having a contact per-
manently connected with the other limb of
said line and a test-thimble permanently con-
nected with the common terminal of the two
windings of said cut-off relay, cord connecting
apparatus for connecting said line with an-
other for conversation, means whereby the
connection of said cord connecting apparatus
with said line closes a circuit of decreased re-
sistance through one winding of said cut-off
relay to cause an actuation thereot, and switch-
ing means controlled by the actuation of said
cut-oft relay to close a low-resistance non-in-
ductive path in shunt of one winding of said
cut-off relay and the line-relay whereby said
test-thimble is connected directly with one
limb of said line through a low-resistance non-
inductive path.

15. In a telephone-exchange system, the
combination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil perma-
nently serially included in one limb of said
line, a line-relay and the windings of a dif-
terential cut-off relay permanently serially in-
cluded in circuit with the second limb of said
line, 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 closes
a cireuit of low resistance about said line-re-
lay whereby said relay becomes inert.

16. In a telephone-exchange system, the
combination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals ot said source of cur-
rent to a substation, an impedance-coil perma-
nently servially included in one limb of said
line, a line-relay and the windings of a dif-
ferential cut-off relay permanently serially in-
cluded in circuit with the second limb of said
line, cord connecting apparatus for connect-
ing said line with another for conversation,
means whereby the connection of said 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, and switching means controlled
by the energization of said cut-off relay to
close a low-resistance non-induetive circuit in
shunt of the line-relay whereby said relay be-
comes inert. .
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17. In a telephone-exchange system, the
combination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil perma-
nently included in one limb of gaid line, a line-
relay and the windings of a differential cut-
off relay permanently included in circuit with
the second limb of said line, 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 of low re-
sistance about said line-relay whereby said re-
lay becomes inert.

18. In a telephone-exchange system, the
combination with a source of current at the ex-

_change, of a telephone-line extending by its

limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil perma-
nently included in one limb of said line, a line-
relay and the windings of a differential cut-
oft relay permanently included in circuit with
the second limb of said line, cord connecting
apparatus for connecting said line with an-
other for conversation, means whereby the
connection of said cord connecting apparatus
with said line closes a circuit of decreased re-
sistance through one winding of said cut-oft
relay to cause an actnation thereof, and switch-
ing means controlled by the energization of
said cut-off relay to close a low-resistance non-
inductive circuit in shunt of the line-relay
whereby said relay becomes inert.

19. In a telephone-exchange system, the
combination with a source of currentat the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil seri-
ally included in one limb of said line, a line-
relay and the windings of a differential cut-
off relay serially included in circuit with the
second limb of said line, 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 of decreased resist-

ance through one winding of said cut-off relay |

to cause an actuation thereof.

90. In a telephone-exchange system, the
combination withasource of currentat the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil seri-
ally included in one limb of said line, a line-
relay and the windings of a differential cut-
oft relay serially included in circuit with the
second limb of said line, cord connecting ap-
paratus for connecting said line with anether
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
said line closes a circuit of decreased resist-
ance through one winding of said cut-off re-
lay to cause an actuation thereof, and switch-
ing means.controlled by the energization of
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said cut-off relay to close a low-resistance non-
inductive circuit in shunt of one winding of
said cut-off relay and the line-relay. ‘

91. In a telephone-exchange system, the
combination with asource of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil perma-
nently serially included in circuit with one
limb of ‘said line, a line-relay and the wind-
ingsot a differential cut-off relay permanently
serially included in circuit with a second limb
of said line, a spring-jack having a contact
permanently connected with the common ter-
minal ot the two windings of the cut-off relay,
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 tocause an actuation thereot.

99. In a telephone-exchange system, the
combination with a source of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, an impedance-coil per-
manently serially included in circuit with one
limb of said line, a line-relay and the wind-
ings of a differential cut-off relay permanently
serially included in circuit with a second limb
of said line, a spring-jack having a test-con-
tact permanently connected with the common
terminal of the two windings of the cut-off re-
lay, cord connecting apparatus for connect-
ing said line with another for conversation,
means whereby the connection of said cord
connecting apparatus with said line closes a
circuit of decreased resistance through one
winding of said cut-off relay to canse an actu-
ation thereof, and switching means controlled
by the actuation of said cut-off relay to close
a low-resistance non-inductive path in shunt
of one winding of said cut-off relay and the
line-relay whereby said test-contactis connect-
ed directly with the second limb of said line
through a low-resistance non-inductive path.

93. In a telephone-exchange system, the
combination with a source of currentat the ex-
change having one terminal permanently con-
nected to the ground, of a telephone-line ex-
tending by itslimbs from the terminals of saicl

source of current to a substation, an impe-’

dance-coil permanently serially included in
circuit with the limb of said line connected
with the grounded terminal of said source of
current, a line-relay and the windings of a
differential cut-off relay permanently serially
included in circuit with the second limb of
said line, a spring-jack having a contact per-
manently connected with said first limb of
said line and a test-thimble normally cohnect-
ed with the second limb through the line-re-
lay winding, cord connecting apparatus for
connecting said line with another for conver-
sation, and means whereby the connection of
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said cord connecting apparatus with said line
closes a civeuit of decreased resistance about
said line-relay whereby said test-contact is
connected directly with said second limb.

24. In a telephone-exchange system, the
combination with a source of current at the ex-
change havingone terminal permanently con-
nected to the ground, of a telephone-line ex-
tending by its limbs from the terminals of
said source of current to a substation, an im-
pedance-coil permanently serially included in
circuit with the limb of said line connected
with a grounded terminal of said source of
current, a line-relay and the windings of a
differential cut-off relay permanently serially
included in cireuit with the second limb of
said line, a spring-jack having a contact per-
manently connected with said first limb of
said line and a test-thimble normally connect-
ed with the second limb through one of said
windings and the line-relay, cord connecting
apparatus for connecting said linewith anotheér
for conversation, means whereby the connec-
tion of said cord connecting apparatus with
said line closes a circuit of decreased resist-
ance through one winding of said cut-off re-
lay to causean actuation thereof, and switch-
ing means controlled by the actuation of said
cut-oft rely to close a decreased resistance-
path in shunt of the line-relay whereby said
relay becomes inert and whereby to establish
adirect non-inductive connection between said
test-contact and said second limb.

25. In a telephone-exchange system, the
combination with acommon battery at the cen-
tralexchange adapted to supply current to the
substation-transmitters,of a telephone-line ex-
tending by its limbs from the terminals of said
common battery to the substation, cord con-
necting apparatus at the exchange for con-
necting said line with another for conversa-
tion, aline-relay and the two ditferential wind-
ings of a cut-off relay permanently serially
included in one of said limbs, an impedance-
coil permanently serially included in the other
limb of said line, a spring-jack having a con-
tact permanently directly connected with said
second line-limh and a test-thimble perma-
nently connected to the common terminal of
the two windings of said cut-off velay, means
whereby the insertion of a plug of the cord
connecting apparatus within said spring-jack
causes the closure of a circuit of decreased re-
sistance through one winding of said cut-off
relay to cause an actnation thereot, and switch-
ing means controlled by the actuation ot said
cut-oft relay to cause a closure of a low-re-
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sistance non-inductive circuit in shunt of said
line-relay and one winding of said cut-oft re-
lay, thereby connecting said test-contact di-
rectly with one limb of said line.

26. In a telephone-exchange system, the
combination with asource of current at the ex-
change, of a telephone-line extending by its
limbs from the terminals of said source to a
substation, a line-relay and the windings of a
differential cut-off relay serially included in
one limb of said line, cord connecting appa-
ratus for connecting said line with another for
conversation, and means whereby the connec-
tion of said cord connecting apparatus with
said line closes a circuit of low resistance about
said line-relay, whereby said relay becomes
inert.

27. In a telephone-exchange system, the
combination with a source of current at the ex-
change, of a telephone-line extending by its
linbsto the central exchange and permanently
connected with the terminals ot said source, a
differential cut-off relay permanently serially
included in one limbh, a line-relay normally
serially included in civenit with said ent-oft
relay, cord connecting apparatus for connect-
ing said line with another for conversation,
and means upon connection of said cord con-
necting apparatus with said line for causing
said cut-off relay to establish a shunt-cireuit
about said line-relay whereby said line-relay
becomes inert.

28. In a telephone-exchange system, the
combination with asource of current at the ex-
change, ot a telephone-line extending by its
limbs to the central exchangeand permanently
connected with the terminals of said source, a
difterential cut-off relay permanently serially
included in one limb of said line, a line-relay
normally included serially in circait with said
cut-oft relay, a test-contact normally connect-
ed with one limb of said line through one of
said differential windings and the winding of
said line-relay, cord counecting apparatus at
the central exchange, and means upon con-
nection of said cord connecting apparatus with
said line for causing said cut-off relay to con-
nect said contact divectly with said limly and
to establish a shunt-cirenit about said line-re-
lay whereby said line-relay becomes inert.

Inwitness whereot 1 hereunto subseribe my
nanme this 5th day of February, A. D. 1903.

HARRY G. WEBSTER.
Witnesses:
Lyny A, WinLrans,
Harvey L. Haxsox.
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