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Lo all wlhom it may coneern.

Be it known that 1, Epyvosn L.AXND, a citizen
ot the United States, residire at Grand Rapids,
in the county of Kent and State of Michigan,
have invented a certain new and useful Im-
provement in Telephone-Kxchange systems,
of which the following isa full, clear, concise,
and exact deseription, reference being had to
the accompanying drawings, forming a part
of this specification. |

My invention relates to telephone-exchange

systems, and particularly to systems in which |

a common source of current located at the
central exchange isemployed for the purpose
of providing signaling-currents and currents
for the operation of the substation telephone
apparatus.

LThe objects of my invention are to provide
an 1mproved telephone system in which the
complicated cut-off mechanism heretofore em-
ployed may be dispensed with and to provide
an improved means for testing the condition
of a subscriber’s line to see whether or not it
IS In use.

While my invention provides a system of
great mechanical and electrical simplicity,
still the apparatus is not readily subject to de-
fective operation due to defective line insula-
tion or leakage or other conditions oIVING rise
to electrical unbalancing of a telephone-line.

In accordance with my invention I provide
a common form of line-signal, such as a drop
normal
subscriber’s telephone-line. There is also
normally serially included in this line-circuit
a differentially-wound cut-off relay. The two
differentially-wound coils of this relay are di-
rectly connected in series with each other and
with one limb of the telephone-line. An ar-
mature controlled by the energization of the
difierential relay serves to control the cireuit
through the line-signal, this circuit belng
broken upon the attraction of the relay-ar-
mature. Onaccount of the differential wind-
ing of the cut-off relay its core is not ener-
gized upon the closure of the telephone line-
cireuit at the substation. The insertion of a

plug of the operator’s cord-cireuit withi na .

y scerially included in cirenit with a

line-jack causes the closure of a circuit of de-
creased resistance through one of the coils of
the differential relay, the energization due
to this coll thereby unbalancing that due to
the other coil, and consequently causing an
energization of the relay-core adapted to at-
tract the relay-armature. f

The attraction of

the relay-armature opens the cireuit throueh
| . ! b4

the line-signal, thereby causing the restora-
tion thereof. One of the two contacts of the
linespring-jack isnormally disconnected from
the line, the attraction of the relay-armature,
however, serving to connect this contact, or
in a multiple board the corresponding con-
tacts 1n a series of sections, with one limb of
the telephone-line. The set of spring - jacl
contacts thus connected with a limb of the
telephone-line are used for the purpose of
testing the operative condition of the line.
The remaining spring-jack contacts are nor-
mally connected with the other limb of the
telephone-line through a coil of the differentinl
relay.  The actuation of the relay-armature,
however, serves to provide a short-ecireuit
shunt-path around this coil of the relay, there-
by providing a telephone-line for conversa-
tional purposes between the spring-jack con-
tacts and the subseriber’s substation which
18 entirely free from serially-included im-
pedance. '

The cord-circuit emploved in con nection
with my Invention is normally and continu-
ously associated with the common source of
current in such a way as to permit the closure
of the hereinbefore-mentioned low-resistance
cireult through a relay-coil upon the Insertion
of the cord connectine-plug within the corre-
sponding line-jack.

Lallng-current is supplied to the substa-
tion through a supervisory relay associatel

|||||

with the cord-cirenit, whereby the closure of

the substation-cireuit causes the energization

ol the supervisory relay to control the opera-
tton of a suitable supervisory signal associated
therewith. This supervisory signal may de-
sirably be in the form of an incandeseent lamp
adapted to be illuminated by a current derived
from the common source of current at the con-
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tral station. The attraction of the supervi-
sory relay - armature breaks a previously-
closed cirenit through the supervisory signal-
lamp, and as the supervisory lamp 1s normally

serially included in onestrand of the cord-cir-

cuit the attraction of the supervisory relay- |
armature also serves to short-circuit the su-

pervisory lamp, thereby decreasing the resist-
ance of the talking-circuit through the cord
connecting apparatus.

My invention will be more fully understood

by reference to the accompanying drawing,
i1 which I have illustrated two substations, A
and B. each connected with the central ex-

change C by means of the telephone-limbs 1

and 2.

The substation apparatus consists of a
switch-hook 8. the depression of which, due
to the weight of the receiver 4, normally closes
o circuit for alternating currents between the
limbs 1 and 2 through a signal-ell 5 and a
condenser 6. Upon the removal of the re-
ceiver from the switch-hook an alternative
circuit for continuous currents is provided
through the transmitter 7 and the primary o
of an induction-coil whose secondary 9 1s se-

rially included in cirenit with the receiver 4.
The limb 1 leads to the coil 10 of a differen-

tially - wound relay 11, whose oppositely-
wound and serially-connected coil 12 1s con-
nected with one pole—tor instance, the posi-
tive pole—of the common hattery 13. Thedit-
ferential relay 11 is shown as provided with
two armatures, the armature 14 serving when
in its alternative condition to close a low-re-
istance shunt-circuit about the differential
relav-coil 10. The other relay-armature 1o

is permanently connected with the limb 2 of

the telephone-line. When in its normal un-
attracted condition, this armature closes a

connection through the contact 16 and a line

drop or signal 17 with the negative pole of
the common battery 13. The front contact
18 for the armature 15 is connected with the
sleeve-springs 19 19 of the answering-jack 20
and the multiple calling-jacks 21 21. It will
be seen that these sleeve-springs are normally
disconnected from every part of the telephone-
circuit and from ground. The tip-springs 22
of the line-jacks are permanently connected
by conductor 28 with the connection of the
differential relay-coils 10 and 12. The con-
tact 24, which acts in conjunction with the ar-
mature 14 to short-circuit the coil 10, 1s also

permanently connected with the tip-springs
.92, whereby the attraction of the armature 14

causes the closure of a non-inductive connec-
tion between the tip-springs 22
1 of the telephone-line.

The cord-circuit adapted for use with my
invention comprises the answering-plug 25

and the calling-plug 26, both connected by
the tip-strands 27 and the sleeve-strands 23

with contact-springs of the ringing and listen-

ing key 29, which when actuated in one di-

and the limb
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rection serves to connect the operator’s tele-
phone set 30 in bridge between the strands of
the cord - circuit and when actuated in the
other direction serves to break the connection
hetween the answering and calling plugs and
to connect the terminals of the ringing-gen-

erator 31 with the conductors leading . to the

calling-plug 26.  The condenser 32 1s serially
neluded in the sleeve-strand of the cord-cir-
cuit, while the condenser 83 1s serially 1n-
cluded in the tip-strand thereof. The tip-
strand circuit also normally serially includes

the supervisory signal-lanmips 34 and 35. 1t will

he seen that the condensers 32 and 33, while

serving to inductively connect and relate the
two sides of the cord-circutt, serve to con-
ductively insulate the same. With either

' dide of the sleeve-strand 28 is normaily con-

nected a terminal of the supervisory relays
36 and 37, the other terminals of these relays
seing connected with the negative pole of the

hattery18. Thesupervisory relay-armatures

38 and 39 when 1n connection with back con-

tacts 40 and 41 serve to connect the negative
pole of the battery 13 with the supervisory
sional-lamps 84 and 35. When 1n thelr at-
tracted positions, the supervisory relay-arma-
tures make connection with front contacts 42
and 43. thereby closing short circuits in shunt
of the supervisory signal-lamps 34 and 35,
respectively.

The operation of my improved systen will
now be apparent. Upon the removal of the
receiver at substation A from its switch-hook
a cireuit for continuous currents 1s closed
through the transmitter 7, which circult may
he traced from the positive pole of the bat-
tery 13 through the differentially-wound coils
12 and 10 of the cut-of
limbs 1 and 2 of the telephone-line to the re-
lay-armature 15, to the back contact 16,
through the line-relay 17, to the negative pole
of the battery 13. On account of the differ-
ential winding of the relay-coils 10 and 12
there is no effective energization of the relay-
coil 11. The current flowing through’ the
line-drop, however, causes an energization
thereot to give the central operator a line-
sional. She thereupon inserts the plug 25 of
her cord connecting apparatus within the an-
swering-jack 20, as shown in the drawing. A
circuit of decreased resistance may thereupon
be traced through the cut-off-relay coil, as fol-
lows: from the positive pole of battery 15 to
the coil 12, through conductor 23, tip-spring
09, the tip of the answering-plug 25, the tip-
strand 27. through the lamp 34 to the arma-
ture 38, to the contact 40, to the negative pole
of battery 18. Thiscircuitof decreased resist-
ance causes an unbalancing of the magnetiza-
tion due to the two coils of the differential re-
lay, whereupon the relay 1s energlzed to cause
the attraction of the armatures 14 and 15.

The attraction of the armature 14 causes the

closure of a short circuit in shunt of the dif-
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terential relay-coil 10 and connects the tip-
31}1'1115;;5 22 with the lmlb 1 of the telephone-
line through a cireuit including no inductive
resistance or impedance.
the cut-off relay-armature 15 causes a broal
in the circuit through the line-dron between
the armature and the contact 16. At the same
bime 'I:h ¢ connection between the armature 15
and its front contact 18 closes a direct non-
111(lur=i;1r' clreuit between the Hmb 2 of the
telephone-line and the sleeve-contacts 19 of
the spring-jacks 20 and 21. The receiver at
substation A being removed from its switch-
hook permits the f”ow of current through a
circuit, which may be traced as follows: from
the positive pole of LhL, battery 13, thi ough
the cotl 12 of the differential relay to the con-
(] l:wl{}z 25, to contact 24, to armature 14, to
limb 1 of the telephone lnw through Lhetmn%
mitter at substation A to hmb 9 of [ the tele-
phone-line, to armature 15 of the dif} {lmnt'al
10LW Lo contact 18, to sleeve-spring 19 of the
.Lm%wmmnvmclx 20, Luthe sleeve-contact of the
answering-plue % to sleeve-strands 28, and
through ‘Lhe SUPervisory 1ehw 36 to the neg-
ative pole of the batter y 13. The consequent
energization of thesupervisory relay 86 causes
the attraction of its armatures 38, whereupon
the supply of bftttelpwnent to the super-
visory signal-lamp 84 is cut off at the same
time the connection between the supervisor g
relay -armature 38 and its front contact 49
closes a low-resistance shunt-cireuit around
the lamp 34. The nwmmw energlzation of

the coll 19 is maintained by 110 How of cur-

rent through the circuit-supplying talkking-
current to Lh(, substation A, this circuit in-

the limhs
¢ armature 15

c*huh]w the battery 13, the (,01.1 19,
Land 2 of the telephone-line. the
n-_md contact 18, the "iwwubti ands 28, and the
relay 36. Me operator upon ascertaining in
the usual way that the subscriber al substa-
tion A LIQ%IHH communication with the sub-
scriber at substation B inserts her calling-plug
26 w lhhm a IIl(;—].:l(Jlx 21 corresponding t{} Llw
desired substation. |
A elreult similar to that previously traced
apparatus associated with the substa-
tion A may be traced throueh the coil 12 of
the called -subseriber's cut- Oi'!' relay, where-

~upon the cut-off relay is actuated to immedi-
che connection with the corre-
_._}J{m:hn“ line-drop 17.

“H U breal

A circult 1s estab-

.;,,__,ﬁmm i through the super visory relay 37 upon
the removal of the receiver at substation B,
wherenpon the relay-armature 39 is attr acted
toextinguish the lamp 35 and provide a short

cireuit ﬂm volee-currents through the cord-
strand ¢
The Lmlfiu’mus 32 and 33, as above pointed

- ont,s rm'h,Lluwmlucm{zlmmulatetlmtwo sicles |
of the cord-cireuit, w Lueb‘; each of the su- |

pervisory relays 36 and 37 1s positively and
absolutely controlled by the correspondine

substation apparatus connected thevewith,

The attraction of

41, the ar

- has been Inserted

the cominion-battery to the substat

- lays 36 and

it i

The operator’s busy-test for ascertaining
whether or not & desired subseriber’s line ; 1S 1N
operation is attained by the use of my im-
proved sy stem as follows: The tip of a call-
no-plug “3{) E Lllrll uul W 1'Lh I!G“-:LLH{“ Cuz‘wnt
from le

1’1&(1”(_, 39, :Lml ‘Lht Ml])("l VISOry slo-
nal-lamp 35. When a called-subseriber’s line
1S 1n use, ho corresponding cut-ofl relay will
have attracted 1ts .;11111.:11111*1*% 14 and 15 to their
alternate position,thereby connectine the li: ne-
llm ) htu,lhf thh tlm thmhle% 19 of the

______ Thus all the
t-.uml)lm m ’ilw swm:hhm tl"%LLJI()I'"l% corre-
sponding with the substation B. for instanc e,
are colmectm] to the circuit Lhmuuh Whmh
current 1s supplied to the substation-transmit-
ters. um@ 4 Su
cluded in circuit between the negative si

the battery and tl

ide of
ie test- thlmblug when a pluge
within such a Lluml;lﬁ ‘Lhue

will be a difference in potential between the
f(“‘%t*tl“ljl']'"l}" lea {}[ the busy line and the tip of
The contact of the tip of

he p us.; Bh w*uh a busy thimble causes a par-

tial discharge of a condenser t-"iiﬁ3 thereby pro-
ducing 1 {,hd m the operator’s telephone set.
Ehe n}%mhmw 44 is connected between the

negative side of the battery 18 and the oen-

erator-terminal associated with the tilmtmnd'

of the cord-circuit. This is to prevent the
release of the cut-off relay-armatures 14 and
15 upon the interruption of the circuit the ough
the cotl 12 upon the manipulation of the ring-
ng-key.

Tt will be seen that in accordance with my
ivention the coils of the differential relays
are connected 1n but one of the limbs from
1011 AP Para-
tus, whereby an unbalancing of the system
due to defective insulation or leakage of any
kind does not injuriously aflect Lh(,pl{}pm op-
eration of the cut-off 1@1{13

Talking-current is supplied to the Lmnamlt"
ters at the substations from the battery 13
through a cireuit each limh of which inel udm
an indu ctive resistance, whereby the short-cip-
cult of volce-currents 11.1101.1;41.. the common
battery is prevented. At the same time the
talkine-cireuit between unmuctul substations
18 anoh free from inductive resistances ex-
cept those of the supervisory relays 36 and
37, serially LOI]IILLLUI between the sides of the
cord-strand 2 These serially-connected re-
37, 'mm,s er, are connected in par-
allel with the condenser 53, whereby the trans-
mission of volce-currents is perfected.

While I have herein shown and described

s Wil

one particular embodiment of my invention,

it will be apparent to those skilled in the art
that many modifications and changes therein
may be employed without departing from the
spirit thereof. 1 do not, Lhmﬂmo wish to
limit myself to the precise {]_mu.l_(.}::,um herein’
sat forth; but, |

ervisory relay - coil 1s In-
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Having described my invention, I claim as
new and desire to secure by Letters Patent-—

1. Inatelephone-exchangesystem, the com-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of
cord connecting apparatus at the exchange for
connecting said line with another tor conver-
sation, a cut-off relay having two differential
windings normally serially included in a sin-
ole limb of said line, a line-signal controlled
by switehing apparatus at the substation, and
means whereby the connection of the cord

connecting apparatus with said line causes an

actuation of said relay to destroy the substa-
tion control of said line-signal.

9. Inatelephone-exchangesystem, the com-
hination with a telephone-line extending by 1ts
limbs from =a substation to an exchange, of
cord connecting apparatus at the exchange for
connecting said line with another for conver-
sation, a cut-off relay having two differential
windines serially included in a single limb ot

‘gaid line, a line-signal controlled by switch-

ing apparatus at the substation, and means
whereby the connection of the cord connect-
ing apparatus with said line causes an actua-
tion of said relay to destroy the substation
control of said line-signal.

3. Inatelephone-exchange system,the com-
hination with a telephone-line extending by its
limbs from a substation to an exchange, of a
source of currentat the exchange forsupply-
ing current to the substation -transmitters,
cord connecting apparatus at the exchange for
connecting said line with another for conver-
sation. a cut-off relay having two differential

¥

windings serially included in a single limb of

said line, a line-signal controlled by switching !

apparatus at the substation, and means where-
by the connection of the cord connecting ap-
paratus with said line causes an actuation of
said relay to destroy the substation control of
said line-signal.

4, Inatelephone-exchangesystem, the com-
hination with atelephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the eschange for supply-
ing current to the substation-transmitters,
cord conneeting apparatus for connecting said

line with another for conversation, a cut-ofi
relay having two differential windings not-
mally serially included in an electrical path
hetween one terminal of the source of current

and the substation apparatus, a line-signal |

controlled by switching apparatus at the sub-

station, and means whereby the connection of |

snid cord connecting apparatus with said line
causes an actuation of said relay.

5. Inatelephone-exchangesystem, thecom-

bination with a telephone-line extending by 1ts
Limbs from a substation to an exchange, of a
sonree of current at the exchange for supply-
ing current to the substation-traunsmitters,
cord connecting apparatus for connecting said
line with another for conversation, a cut-oil

—_———E T
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relay having two differential windings nor-

mally serially included 10 an electrical path
between one terminal of the source of cur-
rent and the substation apparatus, a line-sig-
nal normally serially included in circuit with
the telephone - line, and means whereby the
connection of said cord connecting apparatus
with said line causes an actuation of said re-

-

lav to disconnect said line-signal from the tele-

- phone-line.

8. Inatelephone-exchange system,the com-
hination with a telephone-line extending by 1ts

limbs from & substation to an exchange, of

cord connecting apparatus at the exchange for
connecting said line with another for conversa-
tion, a cut-off relay having two differential
windings normally serially included in a sin-
ole limb of said line, a line-signal controlled
by switching apparatus at the substation, and
means whereby the connection of said cord
connecting apparatus with said line causes the
closure of a eircuit through a winding of said
relay thereby causing an actuation ot sald re-
lav to disconnect said line-signal from the
telephone-line. |

7. Inatelephone-exchange system,the com-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of

cord connecting apparatus at the exchange for

connecting said line with another for conversa-
tion, a cut-off relay having two differential
windings serially included in a single limb of
said line, a line-signal controlled by switch-
ino apparatus at the substation, and means
whereby the connection of said cord connect-
ine apparatus with said line causes the closure
of a circuit of decreased resistance through a
winding of said relay, thereby causing an ac-
tuation thereof to destroy the substation con-
trol of said line-signal.

3. Inatelephone-exchange system,the com-
bination with a telephone-line extending by 1ts
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing current to the substation - transmitters,
cord connecting apparatus at the exchange for

connecting said line with another for conversa-

tion, a cut-off relay having two differential
windings normally serially included 1n a sin-
ole limb of said line, a line-signal controlled
by switching apparatus at the substation, and
means whereby the connection of said cord
connecting apparatus with said line causes

the closure of a circuit of decreased resistance. -

through awinding of said relay, thereby caus-
ing an actuation thereof to destroy the sul:-
station control of said line-signal. '

9. Inatelephone-exchange system,the com-
bination with a telephone-line extending by its
limbs from a substation to an exchange, of a
source of current at the exchange for supply-
ing current to the substation - transmaitters,
cord connecting apparatus at the exchange for

connecting said line with another for conversa-

tion, a cut-off relay having two differential

-
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windings gerially included in a single limb of

sald line, a line-signal controlled by switeh- !

Ing apparatus at the substation, and means
whereby the connection of said cord connect-

ng apparatus with said line causes the closure

of a circult throngh a winding 01 said relay,
thereby causi

nhe an actuation of said relay to
disconnectsaid line-signal from the telephone-
line.

10. In a telephone - exchange system, the

combination with a telephone-line extending :

by its limbs from a substation to an exchange,
ol cord connecting apparatus at the exchange
for connecting said line with another for con-
versation, a cut-off relay having two differen-
tial windings normally included in circuit
with a sn 1010 limb of said line, a line-signal
controlled by switching apparatus at the sub-
station, and means Whu{}bv the connection of
said cord connecting apparatus with said line
auses an actuation of said relay to destroy
the substation control of said line-signal, and
to cause tihe establishment of a circuit of low
resistance in shunt of one winding of said

“relay.

In a telephone-exchange system, the
combination with a telephone-line extending
by 1ts limbs from a substation to an exchange,
of cord connecting apparatus for connecting
mul [ine with tmobllel for (;,om*mﬂtlon., a cut-
off relay having twoditferential windings nor-
mally serially included in cir cult with

1 a single
limb of said line, a line-signal controlled by
switching apparatus at the substation, aul
means Wh{}leY the connection of said cord
connecting n,mmmm% with said line causes an
actuation of said relay to destroy the substa-
tron control of said line-signal, and to cause
the establishment of a circuit of low resist-
ance 1 shunt of the winding of said relay.

2. In a telephone - exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for sup-
plying current to the substation-transmitters,
cord connecting appdmtus for connecting said
line with another for conversation a cut-off
relay having two differential windings nor-
mally neladed n circuit with a single limb
(}1 %.;ml lme 1 1ne-sien *11 (;ontr 0]](,,(1 L}'V witch-—

‘where! by Ll_m (,(}1_11100141011 of S.;Md cor d wnmct

g apparatus with said line causes an actua-
tion of said relay to disconnect said line-sig-
nal from the telephone-line and to cause the
closure of a cireuit of low resistance in shunt
of {'}m Wi'ﬂ{'iiﬂtr {')'1* %;Lid I (}LI v,

(:_:{.:»1111.__}11_1.;_1L1{_n_1 mLh ) Lde _Jhone .[11_1{}.. hLthle;@

l'w' 'i tﬂ, lil'l"ll)": '1’1 Om a st k)%mti()rl to an {m;h.:m oe,
phfmw cury vnt to tlm %11[)%1111;1011 ‘Ll a,mlmttel s,
cord connecting apparatus for connecting said

line with {motlw for conversation, a cut-off

relay having two differential windings nor-

‘means whm eby the

mally serially included in cireuit with a single
[imb of said line, a line-sienal enntrolled bV
switching apparatus at the substation, and
connection of the cord
connecting apparatus with said line canses an
actuation of said relay to destroy the substa-
tion control of said line-signal and to cause
the closure of a low-

resistance cireuit in shunt
of one winding of said relay.

14. In a telephone-exchange system, the
combination with a telephone-line extendinge
by 1ts limbs from a substation to an mclmnﬂe
of cord connecting apparatus at the exchange
for connecting said line with another for con-
versation, a cut-off relay having two differen-
tial windings included in cireuit with a single
[imh of said line, a line-signal controlled by
switching apparatus at the substation, and
means whereby the connection of the cord

connecting apparatus with sald line causes an

actuation of saicl ]lﬂb relay to destroy the sub-
station control of said line-signal and to close

a low-resistance circuit in shunt of one wind-
ing of said relay.

15. In a tulf‘phone exchange system, the
combination with a telephone- Tine {_J}x,t,ﬁnfhnﬂ
by its hhmbs from a BL._bde.tl_(ﬁ}ﬂ to an e},.ﬂhfmgeﬁ
of cord connecting apparatus at the exchange
for connecting said line with another for con-
versation, a cut-off relay havine two differen-
tial windingsnormally ineluded in cirvenit with
a2 single limb of said line, a line-signal con-
trolled by switching apparatus at the substa-
tion, and means whereby the connecting of
sald cord connecting apparatus with said line
causes the closure of a cireuit of decreased re-
sistance through a w inding of said relay,
thereby «

causing an actuation thercof to de-
stroy the substation control of said line-signal
and to cause the closure of a low-resistance
circutt 1n shunt of the other winding of said
relay.

16. In a telephone - exchange system, the
combination with a telephone-line extending
by 1ts limbs from a substation to an exchange,
of cord connecting apparatus for connecting
said Iine with another for conversation, a cut-
off relay having two differential windings nor-
mally 'cst*'ria,ll‘; mcluded 1n eircuilt with a sin-
gle limb of said line, a line-signal controlled
b!y switching apparatus at the substation, and
means whereby the connection of said cord
connecting apparatus with said line causes
tlm (,10%11' ¢ of 2, r;;it (;uit t;ht' ough a Windinﬁ 01’

qald I‘{,LW 50 dlawnnmt %‘M(] lme -S1° ml from
the telephone-line and to cause the closure of
a low-resistance circult in shunt.of the other
winding of said relay.

17. In a telephone-exchange system, the
combination with a telephone-line extending
by 1ts limbs from a substation to an exchange,
of asource of current at the exchange for sup-
plying current to the substation-transmitters,

cord connecting apparatus for connecting said
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line with another for conversation, a cut-o
relay having two differential windings nor-
mally included in circuit with a single limb of
said line, a line-signal controlled by switching
apparatus at the substation, and means where-

Dy the connection of said cord connecting ap-

paratus with said line causes the closure of a
circuit of decreased resistance through a wind-
ing of said relay, thereby causing an actua-

tion thereof to destroy the substation control |

of said line-signal and to cause the closure of
a low-resistance circuit in shunt of the other
winding of said relay.

18. In a telephone-exchange system, the
combination with a telephone-line entending
by its limbs from a substation to an exchange,
of a source of currentat the exchange for sup-
plying current to the substation-transmitters,
cord connecting apparatus for connecting said
line with another for conversation, a cut-oft
relay having two differential windings nor-
mally serially included in circuit with a single
limb of said line, a line-signal controlled by
switching apparatus at the substation, and
means whereby the connection of said cord
connecting apparatus with said line causes
the closure of a circuit through a winding of
said relay, thereby causing an actunation of

said relay to disconnect said line-signal from

the telephone-line and to cause the closure of
a low-resistance circuit in shunt of the other
winding of said relay.

19. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of cord connecting apparatus at the exchange
for connecting said line with another for con-
versation, a cut-off relay having two differen-
tial windings included in circuit with a single
limb of said line, a line-signal controlled by
switching apparatus at the substation, and
means whereby the connection of said cord
connecting apparatus with said line causes
the closure of a circuit of decreased resistance
through a winding of said relay, thereby caus-
ing an actuation thereot to destroy the sub-
station control of said line-signal and to cause
the closure of a low-resistance circuit in shunt
of the other winding of said relay.

20. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of cord connecting apparatus at the exchange
for connecting sald line with another for con-
versation, a cut-off relay having two differ-
ential windings normally serially ineluded in
a single limb of said line, a line signal con-
trolled by switching apparatus at the substa-
tion, means whereby the connection of said
cord connecting apparatus with said line
causes the closure of a circuit through a wind-
ing of said relay thereby causing an actuation
of said relay to disconnect said line-signal
from the telephone-line, and means upon ac-
tuation of said relay for causing the closure

793,041

of a low - resistance circuit in shunt of the
other winding of said relay. -

91. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of cord connecting apparatus at the exchange
for connecting said line with another for con-
versation, a cut-off relay having two differ-
ential windings serially incluoded in a single
limb of said line, a line-signal controlled by
switching apparatus at the substation, means
whereby the connection of said cord connect-
ine apparatus with said line causes the clo-
sure of a circuit of decreased resistance
throngh a winding of said relay, thereby
causing an actuation thereotf to destroy the

substation control of said line-signal and means

upon actuation of said relay for causing the

closure of a low-resistance cireuit in shant ot

the other winding of said relay.

992. In a telephone-exchange system, the
combination with a telephone-line extending
by its limbs from a substation to anexchange,
of a source of current at the exchange for sup-
plying current to the substation-transmitters,
cord connecting apparatus at the exchange
for connecting said line with another for con-
versation, a cut-off relay having two differ-
ential windings imncluded in circult with a sin-
ole limb of said line, a line-signal controlled
by switching apparatus at the substation, and
means whereby the connection of said cord
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connecting apparatus with said line causes the

closure of a circuit through a winding of said
relay, thereby causing an actuation of said
relay to disconnect said line-signal from the
telephone-line and to cause the closure of a
low-resistance circuit in shunt of the other
winding of sald relay.

23. In a telephone -exchange system, the
combination with a telephone-line extending
by its limbs from a substation to an exchange,
of a source of current at the exchange for
supplying current to the substation-transmit-
ters, cord connecting apparatus at the ex-
change for connecting said line with another
for conversation, a cut-off relay having two
differential windings normally serially in-
cluded in a single limb of said line, a line-sig-
nal controlled by switching apparatus at the
substation, means whereby the connection of
sald cord connecting apparatus with said line
canses the closure of a circult of decreased re-
sistance through a winding of said relay,there-
by causing an actuation thereot to destroy
the substation control of said line-signal, and
means upon actuation of said relay for caus-
ing the closure of a low-resistance circult 1n
shunt of the other winding of said relay.

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

cord connecting apparatus at the exchange
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for connectine said line with another for con-
versation, a cut-off relay having two differen-
tial windings serially included in a single

limb of said line, a line-signal controlled by

switching apparatus at th substation, mmn% |

whereby the connection of said cord CONNECt-
Ing apparatus with said line
sure of a circuit through a winding of said
relay, thereby causing an actuation of said re-
lay to disconnect siud line-signal from the
teiephone-line, and means upon actuation of
m]ﬂ relay for causing the closure of a low-re-
sistance circuit in shunt of the other winding
of sald relay.

95. In a telephone-exchange system, the
combination with a toleyhom line ex L{"l’]{]lllﬂ'
from a substation to an exchange, of und
umnoctmﬂ Appar: ml% abt thee "x(‘]hlllf} for con-
0 another for conversa-
Lmll., 2, 1111:: -310 11&1 ormally serially included
in circuit with .:1,1{1 11 ne, a source of current
at the central station adapted to supply ecur-
rent to the substation-tr ummuma.j a cut-off
relay hm*nw two differential windings nor-
meHV seri 11]3 included in cireuit with said
line, and means whereby the connection of
sald cord connecting apparatus with said line
may cause an actuation of said relay to close
a circuit of low resistance in shunt of one of
the windings of said relay.

26. In a telephone-exchanee system, the
combination with a Ldephf)m line {\}atendmu
from a substation to an exchange, of cmd
connecting apparatus at the G}.abll{lﬂ&(}f()l‘ COTL-
another for conversa-
tion, a source of current at the central sta-
tion adapted to supply current to the substa-
tron-transmitters, a line-signal normally se-
rially included in eir c,mt with said | ine, a cub-
off wlw having two windings normally se-
rially included in cireuit wﬂ,l sald ].1110.} ancl
means whereby the connection of said cord
connecting apparatus with said line may cause
an actuation of sald relay to close & low-re-
sistance circult in shunt of one of the wind-
ings of said relay. |

27. In a telephone-exchange system, the
combination with a telephone- lme mtﬁn(hm}
from a substation to an exchange, of

Q cordl
connecting apparatus at the exchange for con-
necting said line with another for conversa-
tion, a 1.11.1@ sienal normally serially ineluded
In circuit with said line, a cut-off relay nor-
mally serially included in eireuit with said
lIne, and means whereby the connection of
sald cord connecting apparatus with said line
causes the establishment of 2 auhalimimlh
short circuit about a winding of said relay.

28, Jf_ n a L&;,li:z 1.:»110 ne - z:“s.(,l"l ANge ’a %tt*m' 'i; l_':1_(:3~;

INg mud lm(., w1Lh mmﬂwz 1‘01 com*mmimn., il
source of currentatthe central station adapted
to supply current to the substation-transmit-

auses the clo- |

Ccord-strand

- to supply cu:

- ters, a line-signal normally serially included

now-
gn1d

p—

in cireuit with said line, a cut-off relay
mally serially included in ecirenit with
line, and means wherebhy the connection of
sald cord connecting apparatus with said line
may cause the establishment of a substantially
short eircuit about a winding of said cut-off
relay.

29. In a telephone-exchange system, the
combination with a telephone-line exte ..1(.111‘1;;_:;*

from asubstation to an ﬁmch anee, of cord con-

- necting apparatus at the exchange for connect-

1ne said line with another for conversation, a
source of current at the central station adapted
to supply current to the substation-transmit-
ters, a line-signal normally servially included
in circuit with said line, a eut-ofl relay hav-
g two windings normally serially included
in circuit with said line, and means whereby
the connection of said cord connecting appa-
ratus with said line may cause the establish-
mmiitnt a substantially short cirenit about one
of the windings of said relay.

30. In a i(*lephmm- exchange system, the
combination with a teles ﬂmnwlmo extﬂmlmf}!
‘ft*m"n ‘), %‘tﬂ")%m ﬁ On Lo 3841 (}‘wh e,

5{)1.11 ce of current Elt 't'h ¢ cmlt}ml SR t;i OT} zl.tilzia__j_}ted
to supply current to the substation-transmit-
ters, & line-signal normally serially included
In circuit w I.U y sald line, a cut-off relay hav-
ing two ditferentially-wound coils normally se-
rially included in eiveait with said line, and
means whereby the connection of said cord
connecting apparatus with said line may eause
the (“ﬁtflbh%hll]ult()[ A substanti: ilh" short eir-

-(;mb abunt ON e wm{huu 01 %Lml relay.

the
(‘:01.11!)11.:1{%1{.}1_1 w.l.th q (.,u]L .:_11 {.,.}\Lh.;l.l.]g{,, Ui 3 wle-
phone-line leading therefrom to a substation,
3l {301'{:1 clreuit .:1L Lhu:} udmn% hwns} one
VISOTY %mmﬂ lep i) (_,ondmmm* %{‘11:11 *J in-—
cluded in circuit with said lamp, a source of
current at the central exchange having one
of 1ts terminals normally connected to said
through said lamp and an arma-
ture and adapted to supply current to said
lamp upon connection of said cord-cireunit with
sald line, and a supervisory relay controlling
saidd armature and adapted when ener uuul
upon actuation of substation apparatus to dis-
connect sald cord-strand and lamp from said
source of current and to close a low resistance
I shunt of said lamp.

32, In g telephone-exchange system, the
combination with a telephone-line n:mimuhnu
from a substation to an exchange, of cord con-
necting apparatusat the {‘*mlimw for connect-
nge mmi line with another for conversation, a
sourceof current at the central station adapted
rent to the substation-transmit-
stgnal normally serially ineluded

ters, a line-

in circuit with said line, a eut-off relay having

70

75

30

35

Qo

95

1Q0

105

110

120

125

ISO




10O

20

25

30

33

40

45

0

Go

63

two windings normally serially included in cir-
cuit with %md line, and means whereby the

connection ot said cord connecting apparatus
with said line establishes a circuit of decreased
resistance throughone of said windings, where-
by said relay is actuated, the actuation of said
relay serving to close a low-resistance circuit
in shunt of the other of said windings.

In a telephone-exchange system, the
combination with a central exchange, of a tele-
nhone-line leading therefrom to a 511bcstat10n
a cord-circult *“md a source of current at the
central exchange, one strand of said cord-cir-
cuit being telephonically continuous through
a condenser, the other strand being normally

continuous serially through two supervisory |

sional-lamps fmdacondmau disposed between
saidl lamps, a supervisory relay foreach lamp

connected between one terminal of said source |
of current and the first strand, a ciremit con- |
minal with the other strand :

nectinge sald ter
through the corresponding relay-armature
and supervisory lamp, energization of said re-
layvs upon actuation ot substation apparatus
when said cord-cireuit is connected with a line
causing attraction of the relay-armatures to
disconneet said lamps from sald source of cur-
rent and to establish a short ¢irenit about the
corresponding lamps.

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

plying current to the substation-transmitters,

a cut-off relay having two differential w nd-
ings normally 8611.«1115 included in one of said
limbs between one terminal of said source of
current and substation apparatus, a line-sig-
nal normally serially included in the other of

sald limbs between the other terminal of said |

source of current and the substation appara-
tus, a spring-jack at the exchange having a
tip-contact primarily connected to the com-
mon terminal of said differential relay-wind-
ings and a sleeve-contact normally discon-
nected from said line, cord connecting appa-
ratus associated with said source of current
for connecting said line with
versation, means whereby the insertion of a
plug of said cord connecting apparatus within
said jack closes a circuit of decreased resist-
ance through onc winding of said difierential
cut-off relay to cause an actuation thercof,

switching means controlled by the actuation

of said cut-off relay to open the circuit from
a terminal of said source of current through
said line-signal to one limb of the line and to
connect said limb with the sleeve-contact of
the spring-jack and other switching means
controlled by the actuation of said cut-off re-
lay to close & low-resistance circuit in shunt
of that windine of said relay connected be-

tween the tip-contact of the spring-jack and

hmb of the line.

35. In a telephone- Pwhmﬂe system, the :

| source of current and

another for con- !

798,041

combination with a cord-cireuit having a
strand normally telephonically continuous
through a supervisory signal-lamip, of a su-
pervisory relay adapted upon energization to
close a low-resistance circuif n shunt of said
lamp. -

36. In a telephone-cxchange system, the
combination with a cord-cireuit having one of
1ts strands normally telephonically continuous
through a supervisory signal-lamp, of asource
of current havine one of 1ts terminals nor-
mally connected to said cord-strand through
sald lamp, and a supervisory relay adapted
upon energization to disconnect said cord-
strand and lmn from said source of current
and to close a lou resistance circult In s
of said lamp.

In a telephone -exchange system, the
combination with a cord - circuit having a
strand normally telephonically continuous
throueh a supervisory signal-lamp, of a con-
denser serially included in circuit with said

shunt:

75

30

lamp, a source of current having one of 1ts

terminals normally connected to said cord-
strand and adapted to supply current to said
supervisory signal-lamp, and a supervisory
relay adapted upon cnergization to discon-
nect said cord-strand and lamp from said
to close a low-resist-
ance circuit in shunt of said lamp.

53. In a telephone-exchange system, the
combination with a cord - circuit having a
strand normally telephonically continuous
through a supervisory signal-lamp, of a su-
pervisory relay adapted upon energization to
close a short circalt about said lamp.

39. In a telephone-exchange system, the
combination with a cord connecting appara-
tus, of a calling and answering plug theietm
a supervisory lamp for each plugj one str‘md
ot said cord-circuit being normally telephon-
ically continuous through said lamps, and a
supervisory relay for efwh lamp, energiza-
tion of said relays causing a short circuit to
be esta blished albout the correspondingsuper-
visory lamp whereby said lamps are removed
from the telephone-circuit.

140. In a telephone-exchange system, the
combination with a telephone- Tine ehtendmg
by its limbs froma substation to an exchange,
of a source of current at the exchange nor-
mally connected in bridge of the limbs of the
line, cord connecting apparatus at the ex-
change, a cut-off relay included in one of the
limbs of the line, armatures for said relay, a
line-signal normally serially included in the
other limh with one of said armatures, and
means upon connection of the cord connect-
ing apparatus in said line for disconnecting
said line-signal from the line and for estab-
hshuw o short circuit about part ot the cut-
off-r eLu winding.

41. In a temph{me exchange system, the
combination with a telephone- “line extending
by its limbs from a substation to an exchange,
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of a source of curr ent at the exchange nor-
mally connected in bridge of the llmhs of the
line, cord connecting fmpal :LLllb EL‘L le Cen-
tral e::mhfunge a cut-off relay having

ings normally included in one hmb U[ ‘Lhe 1111{3._,
armatures for said relay, and a line-signal se-
rially included in the other limb with one of
sald armatures, connection of said cord con-
necting apparatus with said line causing at-
traction of said armatures to disconnect the
line-signal from circuit and to establish a short
circuit about one of the cut-off-relay wind-
1ngs. | -
492. In a telephone-exchange system, the
combination with a telephone-line extending

by its limbs from a substation to an exchange,

of a source of current at the exchange nor-
mally connected in bridge of a tdephom line,
cord connecting appar atus ab the gxchange, a
cut-off relay havmﬂ two differential Wlﬂ(lhl“%
in one limb of the
telephone-line, an armature for said relay,
and a spring-jack for said line, one member
ol said spring-jack being normally connected
with one limb of a Lelephone line through one
of sald differential windings, connection of
sald cord  connecting appar ﬁ,tu&; with said
spring-jack causing attraction of said arma-
ture by said cut-off relay to connect said jack
:i'nem]"}et d'ire(,t]"*,'r With S.;Li("l limb thlo 1oh a

©

3. In a telephone-exchange system, the
combination with a telephone-line extending
by its Iimbs from a substation to an {ndmngg{
ol a source of current at the exchange nor-
nmlly umnec,ted n b: ]d“{"* ot 'Lh{, wlwhonﬂ-
Win dmgs nor 111,;_1.11 G ser mll_v 11.1@1&(16& inone 111111.}
of sald line,armatures for said relay, a line-sig-
nal normally serially included in the other limb
with one of said armatures, a cord connect-
ing apparatus at the central exchange, and
switch-springs associated with said telephone-
line, one of said springs being normally con-
nected with one limb ot the line through one
of said differential windings, thb other spriny
being 1"101‘111.—_1113?" (] 150(}1111@%{3{] from the other
hmh of the line, connection of the cord con-
necting appar .;Ll;us:, with said springs causing
energization of said cut-ofl relay to attract its
armature, whereby sald switch-spring 1s di-
rectly connected with the line-limb through
a short cireuit about sald windin g, ¢ and where-
by the line-signal is disconnected from circuit
and the other 5W1Lt,h-sp1 ing connected with
the other limb of Lh(‘- line.

Inwitness whereof I hereunto subscribe my
name this 14th day of January, 4A. D. 1903,

| EDMUND LAND.

Witnesses: )
Liynw A, WiLniams,
Hanvey L. HaNsow,
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