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To all whonv it 1y concern:

Be 1t known that I, Harry (5. WEBSTER, a
citizen of the United States, residing at Chi-
cago, 1n the county of Cook and State of I1li-
nois, have invented a certain new and useful
Improvement in Telephone - Exchange Sys-
tems, of which the tollowing is a full, clear,

conclse, and exact description, reference be- |

ing had to the accompanying drawing, form-
1ng a part of this specification.

My invention relates to telephone-exchange
systems, and more particularly to systems in
which a common source of enerey is located

at the central station to supply talking-cur-

rent to substation-transmitters.

My invention is particularly useful in con-
junction with systems employving a so-called
" differential cut-off relay,” by means of which
the use of the operator’s cord-circuit at the
central station controls the line-signal to cause
the extinetion thereof upon the connection ot
cord connecting apparatus with a subscriber’s
telephone-line. |

The objects of my invention are to provide
a system 1n which the apparatus employed

may serve the double purpose ot regulating

and controlling the voice-currents transmit-
ted from one line to another and at the same
time to effect the operation of suitable line
and supervisory signals. I provide a system
in which current for the substation-transmit-
ters may be supplied entirely through line-
clreult apparatus, as distinguished from those
systems 1n which the substation transmitter-
currentissupplied wholly or partially through
cord-circult apparatus.

My 1nvention provides an improvement
over other systems, 1n which the necessary im-
pedance 1n the circuit supplying talking-cur-
rent to the substation-transmitters is intro-
duced by the provision of coils wound on iron

cores on which there are short-cireuited wind-

ings. These short-circuited windings tend to
decrease the impedance.

In my improved system the impedance-coils
are on the line and cut-off relays and serve
other useful purposes in addition to that of

circuit arranged in accordance with my in-

vention 1s adapted for use with instruments 5o

h |

and connecting devices in which an alternat-
ing calling-current may be sent through a call-
bell at a substation over either the tip or the
sleeve side of the telephone-line.

An improved ringing-circuit is one of the 33

principal features of my invention.
The cord-circuit used in conjunction with

- my mmproved line-circuit may, if desired, be

provided with two ringing-keys to correspond

with lines some of which are operated with a 60

calling-circuit over the sleeve side of the line
and others in which there is a calling-circuit
over the tip side of the line. Since the talk-
ing-currentissupplied to the substation-trans-

mitters through line-circuit apparatus rather 6s

than through the cord-circuit, it is possible to
provide supervisory relays in the cord-cir-
cuit which are wound to comparatively high
resistance—for instance, five hundred ohms—

whereby the operation of the supervisory 7o

signaling devices is made more sensitive and
reliable.

In accordance with my invention I provide
at the central station a suitable common bat-

tery, to the terminals of which are connected 75

two limbs of a telephone-line leadinge to a sub-
station. One of these limbs includes in its
circult the two differential windings of a cut-
off relay and one winding of a line-relay.

The other limb includes in its circuit a second So

cumulative winding of the line-relay. A lo-
cal circuit jointly controlled by said line and
cut-off relays affords current adapted to illu-
minate a line signaling-lamp. It will be ap-

parent to thoseslkilled in the art thatany other 8s

suitable form of line-signal may be employed
in place of the well-lknown lamp and local eir-
cuit described herein. Cord connecting ap-
paratus 1s provided for connecting lines for

conversation, means being provided whereby 9o

the 1sertion of the plug of the cord connect-
Ing apparatus within a line-jack causes the
closureof alow-resistance circuit through one
winding of said cut-off relay, whereby the

same 1s given a net energization, and conse- 93
quently actuated to discontinue or prevent the

providing the necessary impedance. The line- |
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‘per position in which the

“windings 11 and 12 of a differential cut-oft

B3

A su-

illumination of the line signal-lamp.

pervisory controlling-relay is provided and

arranged to connect one battery-pole with
suitable supervisory signaling apparatus upon
the insertion of a plug of the cord-circuit
within a line-jack.

My invention will be better understood by
reference to the accompanying drawing, 1n
which are illustrated at each of the substa-
tions A and B common-battery telephone sets,
comprising in each instance a switch-hook 1,

serving when in its normal depressed posi-

tion to connect the line-limb 2, through a con-
denser 3 and call-bell 4, with the ground.

When relieved of the weight of the receiver

5. the switeh-hook assumes its alternative up-
line-limb 6 1s con-
nected, through the transmitter 7 and primary
winding 8 of the induction-coil, with the line-
limb 2. The secondary coil 9 of the induc-
tion-coil is connected with the receiver 5.
The limbs 2 and 6 lead to the central station
C, where they are connected with the termi-
nals of the common battery 10, whose positive
terminal is grounded, as shown. The limb 6

includes in its circuit the two differential

relay 13 and a winding 14 of the line-relay 15.
T have found it desirable to make each of the

differential cut-off relay-windings 11 and 12

about one hundred ohms resistance anc that
of the winding 14 of the line-relay 15 of about
one hundred ohms resistance. The limb 2 of
the telephone-line is connected, through a two-
hundred-ohm winding 16 of the line-relay 15.

The windings 14 and 16 of the line-relay are

made cumulative in their effects upon the re-
lay-core.

The armature 17 of the line-relay and the
armature 18 of the cut-off relay are included
in a local circuit through a line signaling-lamp
19. The cut-off relay is provided with a sec-
ond armature 20, adapted when in its attracted
position to close a low-resistance circult in
shunt of the winding 11 of the cut-off relay.
The telephone-lines are each associated with
an answering-jack 21 and calling-jacks 22, the
tip-contacts 23 of which are permanently con-
nected to the limb 2 of the line, as shown.
The sleeve-contacts, which may be in the
shape of thimbles 24, are connected in parallel

with the common terminal of the two wind-

ings 11 and 12 of the cut-ofl relay.

1 have illustrated cord connecting apparatus
having an answering-plug 25 and a calling-
plug 26, the tip-contacts of which are con-
nected by the tip-strand 27" and the sleeve-
contacts of which are connected by the sleeve-

 strand 27, the continuity of the tip-strand be-

6o

-
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ing interrupted by the condenser 23. The

asual listening - key 29 is provided, adapted
when manipulated to connect the operator’s
" telephone set 30 in bridge of the cord-circuit.
. In the present embodiment of my invention
I have shown two ringing-keys 31 and 32, the

775,229

ringing-key 31 serving when manipulated to
connect the generator 33 between the ground
and the sleeve-strand leading to the sleeve-
contact of the calling-plug 26, while a manip-
ulation of the ringing-key 32 serves to con-
nect the generator 34 between the ground and
the tip-contact of the calling-plug 26.
pervisory controlling-relay 35 is connected
between the grounded side ot the
battery 10 and the sleeve-strand 27 of the
cord-circuit. An attraction of the armature
36 serves to connect the positive terminal of
the battery 10 with one terminal of each of the
supervisory signaling-lamps 37 and 38, whose
circuitsarefurthercontrolled by thearmatures
39 and 40 of the supervisory relays 41 and 42,
the relay 41 being connected in a circuit be-
tween the positive side of the battery 10 and
the section of the tip-strand 27 of the cord-cir-
cuit leading to the tip-contact of the answer-
ing-plug and the supervisory relay 42 being

cCOmmon

70

A su-

75

30

connected in a circuit between the positive -

side of the battery 10 and a contact 43, which
normally makes connection with the portion
of the tip-strand 27’ leading to the calling-
plug 26. An impedance-coil 44 is connected
in a path between the contact 45 of the listen-
ing-key and the negative pole of the battery
10.
erator’s telephone-circuit between the con-
tacts of the listening-key.

The operation of my improved system will

now become apparent. A subscriber at sub-
station A upon removing the receiver 5 from
its switch-hook 1 closes a circuit between the
limbs 2 and 6 of the associated telephone-line.

Q0

A condenser 46 is connected 1n the op- .

95

10C

A circuit is thereby closed from the positive

side of the battery 10 through the winding

16 of the line-relay, through the transmitter
and primary winding 8, through the line-
limb 6, the differential windings 11 and 12 of
the cut-off relay 13, and the winding 14 of
the line-relay 15 to the negative pole of the
battery 10. Current flowing over this circuit
causes no net energization of the cut-off re-
lay on account of the differential relation of
the windings 11 and 12. The windings ot the
line-relay, however, are cumulative in their
effects, and the line-relay is therefore actu-
ated to cause the attraction of its armature 17.
The armature 18 of the cut-off relay being 1n

its normal unattracted position, a circuit 1S

thereby closed through the line signaling-
lamp 19 to illuminate the same. The opera-
tor is thereby given a signal, to which she re-
sponds by the insertion of an answering-plug
95 of a cord-circuit within the answering-jack
21, associated with the calling telephone-line.
The insertion of the answering-plug within
the answering-jack closes the following cir-
cuit: from the positive pole of the battery 10,
through the supervisory controlling-relay 35,
to the sleeve-strand 27 of the cord-circuit, to
the sleeve-contact 24 of the answering-jack,

| through the winding 12 of the cut-off relay and
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erential etfects
he ent-off relay

side of the battery 10, The diff
of the windings 11 and 12 of t

the winding 14 ot the line-relay, to the negative !/
- causine the attraction of
cand 18, the-

ave thereby unbalanced and the relay-core is |
oglven a net energization due to the excess cur-
rent flowing through the coil 12 over that

ne through the coil 11. The cut-off-re-
lay armatures are
mature 18 serving to brealk the
through the .

ture 20 serv

flowi

loml circult
1ne signal-lamp 19 and the arma-
ing to connect a low -resistance
circult i shunt of the winding 11 of the cut-
off relay. At the same time the current flow-
ing through the supervisory controlling-relay
35 causes the attraction of its armature 36 to
connect the positive pole of the battery 10
with the supervisory signal-lamps 37 and 38.

A circuit through the supervisory relay 41
may be traced as follows: trom the poqitive
pole of the battery 10 to the tip-strand 27 ot
the cord-cireutt, to the tip-contact 23 of ‘the
answering-jack 21, to the line-limb 2, through
the switch-hook 1, the primary winding 8,
the transmitter 7, the line-limb 6, the low-re-
sistance shunt-etreult about the winding 11,
the winding 12 of the cut-off relay, the wind-
ing 14 ot “the line - relay, to the negative
pole of the battery 10. The current flow-
ne through the supervisory relay 41 causes
the attraction of the armature 39 to break the
otherwise completed circuit through the su-
pervisory signal-lamp 37. Thecir ul..thmugh
the supervisory signal-lamp 38 is completed
by the armature 40 of t
+2. which malkes connection with its back
contact, as shown. The operator manipulates
her listening -key to connect her telephone
set 30 in bridge of the cord-circuit and ascer-
tains the number of the subseriber’s station
with which the subseriber at substation A de-
sires communication. Learning that substa-
tion B 1s desired, the operator inserts her call-
ne-plue 26 within a calling-jack 22, associated
with the called line to substation B. and there-
upon manipulates her ringing-key 32 to con-
neciv the generator 34 with the
the cord-civcutt.  The ringing-circult may be
traced trom the tip-contact 23 of the C‘LHIHU-
2, the COHd{-}HbeI
3, the call- bell 4, to the ground, with which
one terminal of the ringing-generator is con-
nected.  Manipulation of the ringing-key 32
also serves to connect the sleeve-strand 27,
leading to the sleeve-contact of the
plug 26, with the ground.

The | nwltlon of tl calling-plug 26 within
4 calling-jack 22 closes the tollowmo clreult:
from the positive pole of the ba,ttel_y- 10)
through the supervisory controlling-relay 35,
thesleeve-strand of the cord-circuit, tl
contact 24 of the calling-jack 22, the winding
12 of the cut-off relay, the winding 14 of the
line-relay, to the negative pole of the battery
10.  Fhis cireuit, similarly to that traced
for the apparatus assoclated with the call-

therefore attracted, the ar-

he supervisory relay

tip-strand of |
' no other useful function than that of choking

allmg-_

sleevo- -

~open the

TR T e T | B TN e elan ¢ e —

carrent to How,
the armatures 17
armature 18 servinge mimedi-
ately to open the cireuit throueh the line-
lamp 19.  The attraction of the armature 20
at once closes the low-resistance shunt-path
about the winding 11 of the cut-off relay.
The removal of the receiver at substation B
from 1ts switch-hook causes the closure of a
circuit through the supervisory relay 42,
whereupon 1ts armature 40 1s attracted to
> elrewit througeh the supervisory lamp
33.  Upon the replacement of cither of the re-
ceivers of the connected lines upon its switch-
hook the circuit through the associated super-
visory relay 1s openec l whereupon the super-

ing - substation, causes a

visory lamp is caused to olow, thus mcicating
to the operator that the subseriber has finished

with the desired conversation. She thereupon
removes the plues of her cord-circuit from
the line-jacks, whereupon the line-circuit ap-
paratus 1s restored to its normal condition.
It will be apparent that by the arrangement
of the resistances of the line and cut-off re-
lays as hereinbefore pointed out talking-cur-
rent 1s applied from the battery 10 to the
substation-transmitter througl limbs each ot
which includes an mlpulanco windine of two
hundred ohms resistance.  Since the battery-
currentissupplied to the transmitters throueh
the apparatus of the line-circuit, it is 1)0*151])10
to make the supervisory relays and
visory controlling-relay all of comparatively
high resistance-—for instance, five hundred
ohms. 1t will be seen that w lwn the ringing-
oenerator at the central station is L()DIIL‘LtE‘(]
with a line a circuit 18 closed throueh the one-
hundred-ohm winding of the line-relay to lock
its armature in the attracted position. The
ringing-current 1s transmitted to the eall-bell
at the substation past an impedance-coil hav-
Ing a resistance ot two hundred ohms. It is
seen that my invention provides for the nec-
essary or desirable impedance in both limbs
of the telephone-line without the introduction
of auxiliary impedance-coils, which perform

the voice-currents between connected substa-
trons.

It 1s the practice in telephone systems to
provide means whereby an operator may test
the condition of a line before connecting the

alling-generator therewith inorder to ascer-
taln wlmthu such line 1s 1n use.  The means
provided 1n my improved system for such a
test are as follows: 1t will be scen that the
test-thimbles 24 of an idle line are perma-
nently connected, through the winding 12 of
the cut-off velay and the \umhnu 14 of the line-
relay, with the negative pole of the battery 10.
No current flowing through these windines,
the test-thimbles are maintained
tential ot the negative side of

the - battery.

When, however, a plue of a cord-circuit has

been 1nserted within any one of the line-jacks,

3

the super-

at the po--
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a circuit is closed through the winding 14 of | means whereby the connection of said cord

the line-relay, the WlI]dll’lﬂ‘ 12 of the cut-off
relay, and the winding of the SUpPervisory con-
trolling -relay 35. The passage of current
throucrh this circuit to the poeltwe sicle of the
battery 10 causes a drop in the potential of
the test-thimbles 24. It will be seen that the
ma,nlpuletlon of the listening-key to connect
the operator’s telephone set in bridge of the
cord-circuit connects the contact 45 throuah
the impedance-coil 44 with the negative su:le
of the battery 10. This ot course brmwe the
tip of the calling-plug 26 to the potent"ﬂ
of the negative pole of the battery 10. Thus
when the tip of a calling-plug is applied to
the test-thimble of an idle line no current
will be caused to flow through the impedance-
coil 44, since the test- thlmble and the tip of
the (,elhno plug are at the same potential.
When, however, the potential of the test-thim-

bles has been reduced by connection with some

other cord-circuit, a current will be caused to
flow between the tip of the calling-piug and
the test-thimble, this current passing through
the impedance-coil 44, thereby causing a con-
denser-discharge whwh produces a click in

‘the operator’s receiver, thereby notifying her

of the busy condition of the tested line.

While 1 have herein shown and described
one particular embodiment of my invention,
it will be apparent to those skilled in the art
that many modifications therein may be made
without departing from the spirit of my in-
vention. 1 do not, therefore, wish to limic
myself to the precise chselosme herein set
forth; but,

Havmo' deecrlbed my invention, I cl‘um S
new and ‘desire to secure by Letters Patent—

1. Inatelephone-exchangesystem, the com-
bination with a source of current at the ex-
change, of a telephone-line extending by 1ts
limbs from the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-off I‘elev hav-
ing two dif erentml windings permanently
eene,lly included 1n the telephone -line circuit,
a lme—ewnel jointly controlled by said line
and cut-off relays, 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 of decreased resistance
through one winding of said cut-off relay to
cause an actuation thereof.

9. Inatelephone-exchangesystem, the com-
bination with a source ot eurrent at the ex-
change, of a telephone-line extending by 1ts
limbs from the terminals of said source of cur-
rent to a substation, a line-relay having two
camulative wmdinus and a cut-off Ielzw hav-
ing two differential Wmdmgs serially included
in “the telephone -line circuit, a line - signal

jointly controlled by said line and cut- off re-

leys., cord connecting apparatus for connect-
ing said line with another for conversation,

connecting apparatus with said line closes a
circuit of decreased remetenee through one

winding of said cut-off relay to cause an actu-
ation thereof and switching means adapted

upon actuation of said cut- oft relay to short-
circuit one winding thereof.

3. In etelephene exchange system, the com-
bination with a source of current at the ex-
change, of a telephone-line extending by 1ts
limbs from the ter mmels of sald source of cur-
rent to a substation, a line-relay having two
cumulative wmdme's and a cut-off relzw hav-
Ing two dlﬂ'erentlel windings permenently In-
cluded in the telephone - line circuit, a line-

signal jointly controlled by said line and cut-

off relays, cord connecting apparatus for con-
necting sald line with enother for conversa-
tion, and means whereby the connection of
said cord connecting apparatus with said line
closesacircuit of deereesed resistance through
one winding of saild eut—off relay to cause an
actuation thex eof.

4. Inatelephone-exchangesystem, theeom-
bination with a source of current at the ex-
change, of a telephone-line extending by 1ts
hmbe from the termmels of said source of cur-
rent to a substation, a line-relay having two
eumuletwe windings and a cut-off relev hav-
ing two differ entla,l windings included in the
telephone line circuit, a line - smnel jointly
controlled by said line and cut-off relays,
cord connecting apparatus for connecting said
line with enothel for conversation, means
whereby the connection of sald cord connect-
ing apparatus with said line closes a circuit
of deereeeed resistance through one winding
of sald cut-off relay to cause an actuation
thereof and switching means adapted upon
actuation of said cut-off relay to short-circuit
one winding thereof.

5. Inetelephone -exchange system, the com-
hination with a source of current at the ex-
change, of a telephone-line extending by its

hmbs from the ter mlnele of sald source of cur-

rent to a substation, a line-relay having two
cumulative windings and a cut-oft relev hav-
ing two dlierentm,l windings permanently
ser 1ellV included in the telephone-line circuit,

a line-signal jointly controlled by said line
end cut—of_" relays, cord connecting apparatus
for connecting sald line with another tor con-
versation, end means whereby the connection
of said cord connecting apparatus with said
line causes an actuation of said cut-off relay
to destroy the substation control of the line-
relay.

6. Inatelephone-exchangesystem, the com-
bination with a source of current at the ex-
change, of a telephone-line extending by 1ts

limbs from the terminals of said source of cur-

rent to a substation, a line-relay having two
cumulative wmdmﬂ'e and a cut-off reley hav-
ing two differential Wlndmo‘s serially included
in the telephone-line circuit, a line-signal
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jointly controlled by said line and cut-off re-
lays, cord connecting apparatus for connect-
ing sald line with another for conversation,
means whereby the connection of said cord
connecting apparatus with said line causes an
actuation of said cut-off relay to destroy the
substation control of the line-relay and switch-
ing means adapted upon actuation of said cut-
off relay to short-circuit one winding thereotf.

7. Inatelephone-exchangesystem, the com-
bination with a source ot current at the ex-
change, of a telephone-line extending by its
fimbs from the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-oft relay hav-

ing two differential windings permanently in-

cluded in the telephone-line circuit, a line-sig-
nal jointly controlled by said line and cut- oft
relays, cord connecting apparatus forconnect-
ing sald line with another for conversation,
and means whereby the connection of said
corcd connecting apparatus with said line
causes an actuation of said cut-off relay to de-
stroy the substation control of the line-relay.
8. Inatelephone-exchangesyvstem, the com-
bination with a source of current at
change, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-off Ielfw h.;wmo

two differential windings included in the tele-
phone-line circuit, a line-signal jointly con-

trolled by said line and cut-off' relays. 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 causes an actuation of
said cut-off relay to destroy the substation
control of the line-relay and switching means
adapted upon actuation of said cut-off relay
to short-circuit one winding thereot.

9. Inatelephone-exchangesystem, the com-
bination with a source of current at the ex-
change, of a telephone-line extending by its
iimbs from the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-oft IBL:W’ hav-
ing two differential windings permanently se-
lmlh included 1in the te. ephom, line circuilt, a
local signal-circuit jointly controlled by said
relays, armatures for said relays adapted for
serial inclusion insaid local circuit with a sig-
nal, cord connecting apparatus for connecting
sald hine with another for conversation, and
means whereby the connection of said cord
connecting apparatus with said line closes a
circutt of decreased resistance throueh one
winding of said cut-off relay to cause an actu-
atlon thereotf.

10. In a telephone-exchange system, the
combination with a source of current at the
exchange, of a telephone-line extending by its
limbs trom the terminals of said source of cur-
rent. to a substation, a line-relay having two
cumulative windings and a cut-off xeld} hav-

the ex-

Ll el LE TR TR

>

ing two differential windings permanently se-
nallv included 1n the telephone-line circuit,
cord connecting apparatusfor connecting said
line with anothel for conversation, and means
whereby ti
e apparatus with said line causes an actua-
tion of said cut-off relay to destroy the sub-
station control of the line-relay.

11. In a telephone-exchange system,
combination with a source of current at the
central station, of a telephone-line extending
by 1ts limbs from the terminals of sald source
of current to a substation, a winding of a line-
relay permanently serially included in one
[imb of said line, u second cumulative wind-
ing of said line-relay and the two differential
windings of a cut-off relay permanently seri-
ally 1ncluded in a second liub of said line, a
line-signal jointly controlled by said line and

the

- cut-off relays, cord connecting apparatus for

connecting said line with another for conver-
sation, and means whereby the connection of
sald cord connecting apparatus with said line
causes an actuation of said cut-off relay.

12. In a telephone -exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by 1ts limbs from the terminalsof said source
of current to a substation, a winding of aline-
relay serially included inonelimb ot said line, a
second cumulative winding of said line-relay
and the two differential windings of a cut-
off relay permanently servially meluded in a
second limb of said line, a line-signal jointly
controlled by said line and cut-off relays, 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 causes an actu-
ation of sald cut-off relay.

13. In a telephone-exchange system, the
combination with a source ot current at the
central station, of a telephone-line extending
by 1ts limbs from the terminals of said source
of currentto asubstation, a winding ot a line-
relay permanently serially included in one
limb of said line, a second cumulative wind-
ing of said line-relay and the two differential
windings of acut-off relay serially included in
a second limb of said line, a line-signal jointly
controlled by said line and cut-off relays, cord
connecting apparatus for connecting said line
with another for conversation, and means
whereby the connection of said cord connect-
Ing apparatus mth sald line causes an actu-
ation of saud cut-off relay.

14. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by 1ts limbs from the terminalsof said source
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
asecond cumul
and the two d

Hfferential windings of"a cut-off

relay serially included in a second limb of said

ne connection of said cord connect-

ative winding of said line-relay
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65 by its limbs from the terminals of said source | tion ot said cord connecting apparatus

G

line, a line-signal jointly controlled by sald
line and cut-off relays, cord connecting appa-
ratus for connecting said line with another
for conversation, and means whereby the con-
nection of said cord connecting apparatus with
said line causes an actuation of said cut-ofi
relay. |

15. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source

of current to a substation, a winding of a line-

relay serially included in one limb of said line,

a second cumulative winding of said line-relay
and the twodifferential windings ot a cut-off re-
lay serially included in a second limb of said
line, a line-signal jointly controlled by said line
and cut-off relays, 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 of decreased resistance
through one winding of said cut-off relay,

whereby the same is actuated to destroy the |

substation control of the line-signal.

16. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source

of current to asubstation, a winding ot a line- |

relay permanently serially included in one
limb of said line. a second cumulative wind-
ing of said line-relay and the two differential

“windings of a cut-off relay permanently se-

rially included in a second limb of said line, a
local sional-circuit jointly controlled by said

relays, armatures for said relays adapted for

serial inclusion in said local cireuit with a
signal, 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 causes
an actuation of said cut-off relay.

17. In a telephone - exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of sald
line, a second cumulative winding of said line-
relay and the two differential windings of a cut-
off relay permanently serially included 1n a
second limb of said line, a local signal-circuit
jointly controlled by said relays, armatures
tor said relays adapted for serial inclusion 1n
said local eircuit with a signal, cord connect-
ino apparatus for connecting said line with
another for conversation, and means whereby
the connection of said cord connecting appa-

ratus with said line causes an actuation of sald

cut-off relay.
18. In a telephone-exchange system, the

combination with a source of current at the

central station, of a telephone-line extending

——— L — — A

v ———r - ———— —— & W T

775,229

of current to a substation, a winding of a line-
relay permanently serially included 1n one
limb of said line, a second cumulative wind-

ing of said line-relay and the two differential

windings of a cut-off relay serially included
in a second limb of said line, a local signal-
circuit jointly controlled by said relays, ar-
matures for said relays adapted for serial 1n-

clusion in said local circuit with a signal, 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 causes an actua-
tion of said cut-off relay.

19. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of saidsource
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
a second’ cumulative winding of said line-re-
lay and the two differential windings of a
cut-off relay serially included in a second
limb of said line, a local signal-circuit jointly
controlled by said relays, armatures for said
relays adapted for serial inclusion in said local
circuit with a signal, cord connecting appa-
ratus for connecting said line with another
for conversation, and means whereby the con-
nection of said cord connecting apparatus with
said line causes an actuation of sald cut-off
relay.

20. In a telephone-exchange system, the
combination with a source of current at the
central station, of atelephone-line extending

by its limbs from the terminals of said source

of current to a substation, a winding of a line-
relay serially included in one limb of said line,
a second cumulative winding of said line-re-
lay and the two differential windings of a cut-
off relayv serially includedin a second limb of
said line, a local signal-circuit jointly con-
trolled by said relays, armatures for said re-
lays adapted for serial inclusion in said local
circuit with a signal, cord connecting appa-
ratus 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 of decreased resist-
ance through one winding of said cut-offl re-
lay, whereby the same is actuated to destroy
the substation control of the line-signal.

91. In a telephone-exchange system, the
combination with asource of current at the ex-
change, of a teléphone-line extending by 1ts
limbs trom the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-off relay hav-

ing two differeatial windings permanently
serially included in the telephone-line cir-
cuit. a line-signal jointly controlled by said
line and cut-off relays, cord connecting appa-
ratus for connecting said line with another
for conversation, means whereby the connec-
with

75

30

QO

95

100

[O§

1LO

115

120

125




L

10

i

CFe

40

|

00

O
(1

I

775,220

<atd line eloses a cirenit of decreased resist-

ik L

ance through one winding ot sald cut-off re-
[ayv to canse an actuation thereof, and switch-

e means adapted upon an actuation of said
cut-ofl relay to close a low-resistance path in
shunt of one winding of said cut-off relay.

22, In a telephone -exchange system, the
combination with asource of current atthe ex-
change, of a telephone-line extending by its
limbs from the terminals ot sald source of cur-
rent to a substation, a line-relay having two
LUIl]UthH e windings and a cut-off IEL:IV hav-
ine two ditfer ential windings included 1n the
telephone line cireuit, a local line-sional cir-
cuit jointly controlled by said hine and cut-
off relavs. armatures for said relays adapted
for serial inclusion 1n said local cireuit with a
l[ine-signal.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 circult of decreased resistance through one
winding ot said cut-off relay to cause an ac-
tuation thereof, and switching means adapted
upon an actuation of said cut-oftf relay to
close a low-1 eaiatgmmﬁ path 1n shunt of one
windine ot said cat-off relay.

23, In a telephone-exchange system, the

_—i )

combination with asource ot cur rent at the ex- |

change, of a telephone-line extending by its
I1mibs from the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-off relay hav-
ne two differ ential w incinges permanently se-
rially included in the telephone line cireult, a
line-signal jointly controlled by said line and
cut-oft relays, cord connecting apparatus tor
connecting said line with another tor conver-
sation, means whereby the connection of said
cord connecting apparatus with said line
causes an actuation of sawd cut-off relay to de-
stroy the substation control ot the line-relay,
and switchine means adapted upon an actua-
tion of said cut-off relay to close a low-resist-
ance path in shunt of one winding of said cut-
ol relay.

24, 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, a line-relay having two
cumulative windinegs and a cut-oft 1&1.:1\* hav-
ing two ditferential windings included in the
telephone-line circuit, a local line-signal cir-
cult jointly controlled by said line and cut-oft
relayva, armatures tor said relays adapted for
serial inclusion in said local eircuit with a line-
sienal, cord connecting apparatus tor con-
necting sald line with another for conversa-
tion, means whereby the connec
cord connecting apparatus with said
causes an actuation of sald cut-off relay to de-
stroy the substation control of the line-relay,
and switching means adapted upon an actua-
tion of said cut-off relay to close a low-resist-

tion of said
line -

ance path in shunt of one winding ot said eut-
off reiay. .

25. In a telephone-exchange system, the
combination with asource of current at the ex-
change, of a telephone-line extending by 1ts
limbs from the termimals of sald source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-oft relay hayv-
mmg two differ emml windings permanently se-
1111]1\, included 1n the toloplmnu line circuit, a
local signal-cireutt jointly controlled by said
relays, armatures for said relays adapted for
serial inclusion 1n said local errenit with a sie-
nal, cord connectingapparatus for connecting
saic line with another for conversation, means
whereby the connection ot said cord connect-
ing apparatus with sawd line closes a cireuit of
deereased I esistance throueh one winding of
said cut-off relay to cause an actuation there-
of, and Smtchmg means adapted upon an ac-
tuation of said cut-oft relay to close a low-re-
sistance path in shunt of one winding of said
cut-off relay.

26. In a telephone-exchange system, the
combination with a source of current at the
central station. ot a telephone-line extending
by 1ts limbs from the terminals of said source

of current to a substation, a winding of a line-

relay permanently scrially mdudml N one
Iimb of satd line, a second cumulative wind-
ing of said line-relay and the two differential
windines ot a cut-oftf relay permanently se-
rially included 1n a second limb of said line,
a line-signal jointly controlled by said line

- and cut-off re elavs, cord connecting apparatus
.:111':_}t.l er for con-

for connecting said ine with
versation, means whereby the connection of
saicdl cord connecting apparatus with said line
causes an actuation of said cut-ofl relay, and
switching means adapted upon an actuation
of said cut-oft relay to close a low-resistance
path in shunt of one winding of said cut-ofi
relay.

7. In a telephone-exchange system, t
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb ot said line,
a second cumulative winding of satd lne-relay
anc the two lllﬁ{"‘l{j‘ﬂtlrll W nnhntm of a cut-oft
relay permanently serially included in a see-
ond limb ot said line, a line-signal jointly con-
trolled by said line and cut-oft relays, cord con-
necting apparatus for connecting salid line
with another for conversation, means whereby
the connection of said cord connecting appa-

ratus W1th sald line causes an actuation of said
cut-off relay, and switching means adapted
upon an actuation ot said cut-off relay to close
a low 1e~:,~lsttmt;e path in shunt of one winding
of said cut-off relay.

28. In a telephone-exchange system, the
combination with a source of currvent. at the
central station, of a telephone-line extending

o

he

70O

75

90

100

110

120

125




10

15

20

25

30

35

40

45

50

55

60

by its limbs from the terminals of said source

of current to a substation, a winding of a line- |

relay permanently serially included in one
limb of said line, a second cumulative winding

ot said line-relay and the two differential W_ind- :
ings of a cut-off relay serially included 1n a

second limb of said line, a line-signal jointly

controlled by said line and cut-off relays, cord

connecting apparatus for connecting said line
with.another for conversation, means whereby
the connection of said cord connecting appa-
ratus with said line causes an actuation of said
cut-off relay, and switching mechanism adapt-
ed upon an actuation of said cut-off relay to
close a low-resistance path in shunt of one
winding of said cut-off relay.

29. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by 1ts llmbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
a second cumulative winding of said line-relay
and the two differential windines of a cut-off
rel‘w serially included in a becond limb of said
line, a line-signal jointly controlled by said
Lme and cut- oﬂ relays, cord connecting appa-
ratus for connecting said line with another for
conversation, means whereby the connection
of said cord connecting apparatus with said
line causes an actuation of sald cut-off relay,
and switching means acdapted upon an actua-

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

“ance path in shunt of one winding of said cut-

off relay.

30. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included 1n one limb of said line,
a second cumulative winding of said line-relay
and the two differential windings of a cut-off
relay serially included in a second limb of said
line, a line-signal jointly controlled by said
line and cut-off relays, cord connecting appa-
ratus for connecting said line with another for
conversation, means whereby the connection
of said cord connecting apparatus with said
line closes a circuit of decreased resistance
throungh one winding of said cut-off relay,
whereby the same 1s actuated to destroy the
substation control of the line-signal, and
switching means adapted upon an actuation
of sald cut-off relay to close a low-resistance
path in shunt of one winding of said cut-off
relay.

In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source

of current to a substation, a winding of a line-

relay permanently serially included in one

Iimb of said line, a second cumulative wind-

775,229
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windings of a cut-off relay permanently se-
rially included in a second limb of said line,

a line-signal jointly controlled by said hne
:;md cut-off relays, cord connecting apparatus

for connecting said line with another for con-

versation, and means whereby the connec-
tion of said cord connecting apparatus with

- sald line causes an actuation of said cut-off

relay, the resistance of each winding of said
cut-off relay and the resistance of said second
winding of said line-relay being each sub-

Stantm,llv equal to one-half the resistance of

said first winding of said line-relay.

75

32. In a telephone-exchange system, the

combination with a source of current at the
central station, of a telephone-line extending
by its imbs from the terminals of said source
of current to a substation, a winding of a
line-relay serially included 1n one limb of said
line, a second cumulative winding of sald line-
relay and the two differential windings of a
cut-off relay permanently serially included in
a second limb of said line, a line-signal jointly

controlled by said line and cut-off relays,

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 causes an actua-
tion of sald cut-off relay, the resistance of
each winding of sald cut-off relay and the re-
sistance of said second winding of said -line-
relay being each substantially equal to one-
half the resistance of said first winding of
sald line-relay.

33. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending

by its limbs trom the terminals of said source

of current to a substation, a winding of a line-
relay permanently serially included in one
limb of said line, a second cumulative wind-
ing of said line- relav and the two differential
Wmdmgs of a cut-off relay serially included
in a second limb of said line, a line-signal
jointly controlled by said line and cut-off re-
lays, cord connecting apparatus for connect-
1ng said line with another for conversation,
and means whereby the connection of said
cord connecting apparatus with said line causes
an actuation of said cut-off relay, the resist-
ance of each winding of said cut-off relay and
the resistance of said second wind ng of said
line-relay being each substantially equal to
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one-half the resistance of said first winding of

sald line-relay.
34. In a telephone-exchange system, the
combination with a source of current at the

- central station, of a telephone-line extending

by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
a second cumulative winding of said line-re-
lay and the two differential windings of a cut-
off relay sertally included in a second limb of

65 ing of said line-relay and the two differential | saidline, a line-signal jointly controlled by said
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line and cut-off relays, cord connecting appara-
tus for connecting said line with another for
conversation, and means whereby the connec-
tion of said cord connecting apparatus with
said line causes an actuation of said cut-off re-
lay, the resistance of each winding ot sald cut-
off relay and the resistance of said sec{md windl-
ing of said line-relay being each substantially
eqml to one-half the resistance of said first
winding of said line-relay.

35. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by 1ts limbs trom the terminals of said source
of current to a Subsmmon, a winding ot a line-
relay serially included in one limb of said line,

a second cumulative winding of said line- Ie-
lay and the two differential Wmdlnos of a cut-
off relay ser ially included 1n a second limb of
said line, a line-signal jointly controlled by
said line and
apparatus for connecting said line with an-
other for conversation, and means whereby

the connection of saild cord connecting appa-
ratus with said line closes a circult of decreased

resistance through one winding of said cut-oft
relay, whereby the same 1S actuated to destroy

the Substatlon control of the line-relay, the
1651stance of each winding of said cut-otf re-
lav and the resistance of said second winding
ot said line- relay being each substantmllv
equal to one-half the resistance of said first
wmdmo of said line-relay.

30. In a telephone- exclmnue system, the
combination with a source of current at the
exchange, of a telephone-line extending by

its limbs from the terminals of said source ot

current to a substation, a line-relay having |

{Wwo cumulatwe windings and a cut-oft 101.«.11,
havine two differential Wmdmﬁs permanently
ser mlly included in the telephone line circuit,
cord connecting apparatus for connecting said
line with another for conver sation, mMeans
W hereby 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
thereot, and switching means adapted upon
an actuation ot sald cut-off relay to close a
low-resistance path in shunt of one winding
of said cut-off relay, the resistance ot each
winding of sald cut-off relay and the resist-
ance of “said second winding of said line-relay
being each substantially eqml to one-half the
resistance of said first winding of said line-
relay.
37. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, aw mmng of a line-
relay permanently serially incl
limb of said line, a second cumulative wind-
ing of said line-relay and the two differ entnl
Wmdmos of a cut-off relay permanently seri-

cut- oft relays, cord connecting

luded 1n one

O

ally included in a second limb of said line, a
line-signal jointly controlled by said line and
cut-off relays, cord connecting apparatus for
connecting sald line with another tor conver-
sation, means whereby the connection of said
cord connectmu apparatus with said line
causes an actuation of said cut-off relay, and
switching means adapted w
said cut-off relay to close a low-resistance
path in shunt of one winding of said cut-oft
relay, the resistance of each Wmdmo of said
cut-off relay and the resistance ot q.f.ud seconcl
winding of sald line-relay being each substan-

tially equal to one-half the resistance of said

first winding of said line-relay.
38. In a telephone exchange system, the
conbination with a source of current at the

central station, of a telephone-line extending
by its limbs from the terminals of said source

of current to a substation, a winding of a line-
relay serially included in one limb of said
line, a second cumulative winding of said line-
relay and the two differential windings of a
cut-off relay permanently serially included in
a second limb of said line, a line-signal jointly
controlled by said line and cut- Zoft relays,
cord connecting apparatus for connecting sald
line with another for con versation, means

whereby the connection of said cord connect-

ing apparatus with said line causes an actua-
tion of said cut-off relay, and switching means
adapted upon an actuation of said cut-ofl re-
lay to close a low-resistance path in shunt of
one winding of said cut-oft relay, the resist-
ance of each winding of sald cut-oft relay and
the resistance of said second winding of said
line-relay being each substantially equal to
one-half the resistance of said first winding ot
said line-relay.

39. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending

by its limbs from the terminals ot said source -

of current to a substation, a winding of a line-
relay permanently serially included in one
l[imb of said line, a second cumulative wind-
ing of said line-relay and the two differential
Wlndlnﬂ‘a ot a cut-off relay serially included
In a sufond limb of said line, a line-signal
jointly controlled by said line and cut- oft re-
lays, cord connecting apparatus for connect-
ing said line with another for conversation,
means whereby the connection of said cord
connecting apparatus with said line causes an
actuation of said cut-oft relay, and switching
mechanism adapted upon an actuation of said
cut-off relay to close a low-resistance path in
shunt of one winding of said cut-off relay, the
resistance of each winding of said cut-off re-
lay and the resistance of said second winding
of said line-relay being each substantially
equal to one-half the resistance of said first
winding of said line-relay.

40. In a telephone-exchange system, the

' combination with a source of current at the

yon an actuation of
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central station, of a telephone-line extending
by 1ts limbs from the terminals of sald source

of current to a substation, a winding of a line-

relay serially included in one limb of said
line, a second cumulative winding of said line-
relay and the two differential windings of a
cut-off relay serially included 1n a second limb
of said line, a line-signal jointly controlled by
said line and cut-off relays, cord connecting
apparatus for connecting said line with an-
other for conversation, means whereby the
connection of said cord connecting apparatus
with said line causes an actuation of said cut-
off relay, and switching means adapted upon
an actuation of said cut-off relay to close a
low-resistance path in shunt of one winding of

sald cut-off relay, the resistance of each wind-

ing of said cut-off relay and the resistance of

said second winding of said line-relay being

each substantla,llv equal to one-half the resist-
ance of said first winding of said line-relay.
41. In a telephone- exchange system, the

combination with a source of current at the

central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of said
line, a second cumulative winding ot said line-
relay and the two differential windings of a

cut-off relay serially included in a second limb-
of said line, a line-signal jointly controlled by

sald line and cut-off relays, cord connecting

~apparatus for connecting said line with an-
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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, whereby the same 1s actuated to destroy

the substation control of the line-relay, and

switching means adapted upon an actuation of
sald cut-off relay to close alow-resistance path
1n shunt of one winding of said cut-off relay,

the resistance of each winding of said cut-off
relay and the resistance of sald second winding

of said line - relay being each substantially
equal to one-half the resistance of said first
winding of said line-relay.

49. 111 a’ telephone - exchange system, the
combination with a source of current at the
exchange, of a telephone-line extending by its
limbs from the terminals of said source of cur-
rent to a substation, a line-relay having two
cumulative windings and a cut-off relay hav-
ing two differential windings permanently in-

cluded in the telephone-line circuit, a line-sig-

nal jointly controlled by said line and cut-oft

relays, cord connecting apparatus for connect-

ing sald line with another for conversation, a
spring-jack having a test-contact permanently
connected with the common terminal of the
two windings of said differential cut-off relay,
and means whereby the connection of said
cord connectingapparatus with said line closes
a circult of decreased resistance through one

75,229
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relay to cause an actu-

winding of sald cut-o
ation thereot.

43. In a telephone-exchange system, the
combination with a source of current at the
exchange, of a telephone-line extending by its
limbs from the terminals of said source of
current to a substation, a line-relay having
two cumulative windings and a cut-off relay
having two differential windings permanently
included in the telephone-line circuit, a line-
signal jointly controiled by said line and cut-
off relays, cord connecting apparatus for con-
necting said line with another for conversa-
tion, a spring-jack having a test-contact per-
manently connected with the common termi-

nal of the two windings of said differential

cut-off relay, and means whereby the connec-
tion of said cord connecting apparatus with
sald line causes an actuation of said cut-off
relay to destroy the substation control of the
line-relay.

44. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by 1ts mbs from the terminals of said source
of current to a substation, a winding of a line-
relay permanently serially included in one
limb of said line, a second cumulative wind-
ing of said line- relay and the two differential

windings of a cut-off relay permanently seri-

ally included 1n a second limb of said line, a
hne-%wnal jointly controlled by said line and
cut-off relays, cord connecting apparatus for

connecting said line with another for conver-

sation, a spring-jack having a contact perma-
nently directly connected with the first limb
of said line and a test-contact permanently
connected with the common terminal of the
two differential windings ot said cut-off relay,
and means whereby the connection of said
cord connecting apparatus with said line causes
an actuation of said cut-off relay.

45. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
asecond cumulative winding of said line-relay
and the two differential windings of a cut-off
relay permanently serially included 1n a sec-
ond limb of said line, a line-signal jointly con-
trolled by said line and cut-off relays, cord

connecting apparatus for connecting said line

with another for conversation, a spring-jack
having a contact permanently directly con-
nected with the first limb of said line and a

test-contact permanently connected with the

- Wl

common terminal of the two differential wind-
ings of said cut-off relay, and means whereby
the connection of said cord connecting appa-
ratus with said line causes an actuation of said
cut-off relay.

46. In a telephone -exchange system, the

70

75

30

g0

95

100

105

IT1O

I1§

120

125




R

LO

20

25

{4
it

e

55

6o

775,229

combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay permanently serially meluded In one
limb of said line, a second cumulative winding
of said line-relay and the two differential wind-
inos of a cut-off relay serially included 1n a
second limb of said line, a line-signal jointly
controlled by said line and cut-oft 1{—}1.;1\&3 cord
connecting apparatus for connecting said line
with another for conversation, a C;pnno-Jach
havineacontact permanently directly connect-
ed with the first limb of said lineand a test-con-
tact permanently connected with the common
terminal of the two differential windings of said
cut-cff relay, and means whereby the connec-
tion of said cord connecting apparatus with
sald line causes an actuation of said cut-oft
relay.

17. In a telephone - exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding ot a line-
relay serially included in one limb ot said line,
a second cumulative winding of said line-re-
lay and the two differential windings of a cut-
off relay serially included in a %econd limb of
said line, a line-signal jointly controlled by
sald line and cut-off relays, cord connecting
apparatus for connecting said line with an-
other tor conversation, a spring-jack having
a contact permanently directly connected with

the first limb of said line and a test-contact

permanently connected with the common ter-
minal of the two differential windings of said
cut-off relay, and means whereby the connec-
tion of said cord connecting apparatus with
said line causes an actuation of said cut-oft
relay.

18. In a telephone - exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of currenttoa f-"-:ub::,tatlon., a winding of a line-
relay serially included in one limb ot said line,
a second cumulative winding of said line-re-
lay and the two ditferential windings of acut-
off relay serially included in a second limb of
sald line, a line-signal jointly controlled by
sald line and cut-off relays, cord connecting
apparatus for connecting said line with an-
other for conversation. a spring-jack having
a2 contact permanently directly connected with
the first limb of said line and a test-contact
permanently connected with the common ter-
minal of the two differential windings of said
cut-off velay, and means whereby the connec-
tion of said cord connecting apparatus with

W

satdd line closes a circult of decreased resist-
ance throueh one winding of said cut-off relay,

whereby the same 1s &ctuated to cdestroy the |

substation control of the line-signal.

combination with 2 source of current at t

149. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation. a winding of a line-
relay permanently serially included 1n one
limb of said line, a second cumulative wind-
ing of said line-relay and the two ditferential
windings of the cut-oft relay permanently se-
rially included in asecond limb of said line, a
line-signal jointly controlled by said line and
cut-off relays, cord connecting apparatus for
connecting said line with another for conver-
sation, a spring-jack having a contact perma-
nently directly connected with the first himb
of said line and a test-contact permanently
connected with the common terminal of the

two differential windings of said cut-oft relay,

means whereby the connection of said cord
connecting apparatus with said line causes an
actuation of said cut-off relay. and switehing
means adapted upon an actuation ot said cut-
off
of one winding of said cut-off relay.

50. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs tfrom the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
a second cumulative winding of said line-re-
lay and the two differential windings ot a
cut-off relay permanently serially included in
a second limb of said line, a hine-signal jointly
controlled by said line and cut-off relays, cord
connecting apparatus for connecting said line
with another for conversation, a spring-jack
havine a contact permanently directly con-
nected with the first limb of said line and a test-
contact permanently connected with the com-
mon terminal of the two differential windings
of said cut-off relay, means whereby the con-
nection of said cord connecting apparatus with
said line causes an actuation of said cut-off re-
lay, and switching meansadapted upon an ac-
tuation of said cut-off relay to close a low-re-
sistance path in shunt of one winding of said
cut-oft relay.

51. In a telephone-exchange system, t

he
he
central station, of a telephone-line extending
by its limbs hom the terminals of said source
of current to a substation, a winding of a line-
relay permanently ser 111113 included 1n one

limb of said line, a second cumulative wind-
ing of said line-relay and the two differential
W mdeb of a cut-oft relay serially included

n a Secoud limb of said line, a lm(_, stonal |
- Jointly controlled by said line and cut- ofz' re-

lays, cord connecting apparatus for connect-
ingo said line with another for conversation, a
spring-jack having a contact permanently di-
rectly connected with the first limb of said
line and a test-contact permanently connect-

LA

relay to close a low-resistance path in shunt
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ed with the common terminal of the two dif-
ferential windings of said cut-off relay, means
whereby the connection of said cord connect-
ing apparatus with said line causes an actua-
tion of said cut-off relay, and switching mech-
anism adapted upon an actuation of said cut-
off relay to close a low—resmtenee path in shunt
of one winding of said cut-off relay.

52. In a telephone exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one limb of said line,
a second cumulative winding of said line-relay
and the two differential windings of a cut-off
relay serially included in a secona limb of said

line and cut-off relays, cord connecting appa-
ratus for connecting sald line with another

for conversation, a spring-jack having a con-

tact permanently directly connected with the

first limb of sald line and a test-contact per--

manently connected with the common termi-
nal et the two differential windings of said
cut-off
of sald cord connecting apparatus with said
line causes an actuation of said cut-off relay,
and switching means adapted upon an actua-
tion of said cut-off relay to close a low-resist-
ance path in shunt of one winding of sald cut-

53. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source

of current to a substation, a winding of a iine-

relay serially included in one limb of said line,
a second cumulative winding of said line- reley
and the two differential wmdmﬂ's of a cut-o
relay serially included in a second limb of said
line, a line-signal jointly controlled by said
line and cut-off relays, cord connecting appa-
ratus for connecting said line with another for
conversation, a spring-jack having a contact
permanently directly connected with the first
limb of said line and a test-contact perma-
nently connected with the common termma,l
of the two differential windings of said cut-oft
relay, 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,whereby the

same 1s actuated to destroy the substation con-

trol of the line-signal, and switching means
adapted upon an actuation of said cut-off relay

~ to close a low-resistance path in shunt of one

60

winding of said cut-off relay.
54. In a telephone-exchange system, the

combination with a source of current at the |

central station, of a telephone-line extending
by its limbs from the terminals of said source

relay, means whereby the connection
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- relay serially included in one limb of said line,

a second cumulative winding of said line-relay
and the two differential windings of a cut-off
relay serially included in a second limb of said
line, a line-signal jointly controlled by said
line and cut-off relays, cord connecting appa-
ratus for connecting said line with enother for
conversation, a spring-jack having a contact
permanently directly connected with the first
limb of said line and a test-contact perma-
nently connected with the common terminal
of the two differential windings of said cut-off

70

75

relay, and means whereby the connection of

sald cord connecting apparatus with said line
closes a circuit of decreased resistance through
one winding of said cut-off relay,whereby the

| same 1s actuated to destroy the sabstation con-

trol of the line-relay, the resistance of each
winding of said cut-off relay and the resist-
ance of said second winding of said line-relay
being each substantially equal to one-half the
resistance of said first winding of said line-
relay.

55. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by 1ts limbs from the terminals of said source
of current to a substation, a winding of a line-
relay permanently serially included in one
limb of said line, a second cumulative wind-
ing of said line-relay and the two differential
WIHdl[lU'S of a cut-off relay permanently se-

1ally included in a second limb of said line,
a hne-swnel jointly controlled by said line and
cut-o releye, cord connecting apparatus for
connecting sald line with another for conver-
sation, a Spring—jeek having a contact perma-
nently directly connected with the first limb
of said line and a test-contact permanently
connected with the common terminal of the
two differential windings of said cut-off relay,
means whereby the connection of said cord
connecting apparatus with said line causes an
actuation of said cut-off relay, and switching
means adapted upon an actuation of said cut-
off relay to close a low-resistance path inshunt
of one winding of said cut-off relay, the re-
sistance of each winding of said cut-off relay
and the resistance of said second winding of
sald line-relay belng each substentlelly equel
to one-half the resistance of said first wind-
ing of said line-relay.

56. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay serially included in one Iimb of said line,
a second cumulative winding of said line-re-
lay and the two differential windings of a cut-
off relay permanently serially included in a
second limb of said line, a line-signal jointly
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connecting apparatus for connecting said line

with another for conversation, a spring-jack
having a contact permanently directly con-
nected with the first limb of said line and a
test-contact permanently connected with the
common terminal of the two differential wind-
ings of said cut-off relay, means whereby the
connection of said cord connecting apparatus
with said line causes an actuation of said cut-
off relay, and switching means adapted upon
an actuation of said cut-off relay to close a
low-resistance path in shunt of one winding
of said cut-off relay, the resistance of each
winding of said cut-off relay and the resist-
ance of said second winding of said line-relay
heing each substantially equal to one-half the
resistance of said frst winding of said line-
relay.

57. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
of current to a substation, a winding of a line-
relay permanently serially included in one
limb of said line, a second cumulative wind-
ing of said line-relay and the two differential
windings of a cut-off relay serially included
in a second limb of said line, a line-signal
jointly controlled by said line and cut-oft re-
lays, cord connecting apparatus for connect-

ing said line with another for conversation, a

spring-jack having a contact permanently di-
rectly connected with the first limb of said
line and a test-contact permanently connectec
with the common terminal of the two differ-
ential windings of said cut-off relay, means
whereby the connection of said cord connect-

ing apparatus with said line causes an actua-.

tion of said cut-off relay, and switching mech-
anism adapted upon an actuation of said cut-
off relay to close a low-resistance path in shunt
of one winding of said cut-off relay, the resist-
ance of each winding of said cut-off relay and
the resistance of said second winding of said
line-relay being each substantially equal to
one-half the resistance ot said first winding of
said line-relay.

58. In a telephone-exchange system, the
combination with a source of current at the
central station, of a telephone-line extending
by its limbs from the terminals of said source
ot current to a substation, a winding of a line-
relay serially included in onelimb of said line,
a second cumulative winding ot said line-relay
and the two differential windings ot a cut-off
relay serially included in a second limb of said
line, a line-signal jointly controlled by said
line and cut-off relays, cord connecting appa-
ratus for connecting said line with another for
conversation, a spring-jack having a contact
permanently directly connected with the first
limb of sald line and a test - contact perma-
nently connected with the common terminal

13

of the two differential windings of said cut-
off relay, means whereby the connection of
said cord connecting apparatus with said line
causes an actuation of said cut-off relay, and
switching means adapted upon an actuation
of said cut-off relayv to close a low-resistance
path in shunt of one winding of said cut-oft
relay, the resistance of each winding ot said
cut-off relay and the resistance of said second
winding of said line-relay being each substan-
tially equal to one-half the resistance ot said
first winding of sald line-relay. |

59. In a telephone-exchange system, the
combination with a source of current at a cen-
tral exchange, of a substation permanently
connected therewith through the line-limbs, a
line-relay having two windings one perma-
nently included in each limb, and a cut-otl re-
lay for controlling said line-relay having two
windings permanently included serially 1n one
limb with the line-relay winding therein, the
joint impedance of the windings in one limb

being substantially equal to the impedance of

the winding in the other limb.

60. In a telephone-exchange system, the
combination with a source of current at the
exchange, of a telephone-line extending by its
limbs from the terminals of said source of
current to a substation, a line-relay having
two cumulative windings and a cut-off relay
having two differential windings permanently
serially included in the telephone-line circuit,
cord connecting apparatus for connecting said
line with another for conversation, a spring-
jack having a contact permanently directly
connected with one limb of said line and a

test-contact permanently connected with the

common terminal of the two differential wind-
ings of said cut-off relay, means whereby the
connection of sald 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 thereof, and switch-
ing means adapted upon an actuation of sala
cut-off relay to close a low-resistance path 1n
shunt of one winding of sald cut-off relay.
61. In a telephone-exchange system, the
combination with a source of current at the
exchange, of a telephone-line extending by 1ts
limbs from the terminals ot said source of cur-
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rent to a substation, a line-relay having two

cumulative windingsand a cut-oft relay having

two differential windings permanently seri-

allv included in the telephone-line ecircuit,

- cord connecting apparatus for connecting said

line with another for conversation, a spring-
jack having a contact permanently directly
connected with one limb of said line and a
test-contact permanently connected with the
common terminal of the two differential wind-
ings of said cut-off relay, means whereby the
connection of said cord connecting apparatus
with said line closes a circuit of decreased re-
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sistance through one winding of said cut-oft

relay to cause an actuation thereof, and switch-
ing means adapted upon an actuation of said
cut-off relay to close a low-resistance path in
shunt of one winding of said cut-off relay, the
resistance of each winding of said cut-ofi re-
lay and the resistance of said second winding

ot said line-relay' being each substantially |

equal to one-half the resistance of sald first
winding of said line-relay. e
In witness whereof 1 hereuntosubseribe my
name this 5th day of February, A. D. 1903.
HARRY G. WEBSTER.
Witnesses::
LyNy A. WILLIAMS,
Harvey L. Hansox.
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