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To all whom it miag conceiri:
Be it known that I, CHARLES K. SCRIBNER,
a citizen of the United States, residing at Chi-

cago, in the county of Cook and State of Illi-

g nois, have invented a certain new and useful
Improvement in Telephone-Exchange Appa-
ratus, (Case No. 394,) of which the fo]lewmﬂ'
isaf ull clear, concise, and exact descmptmn

| reference being had to the accompanying
10 drawing, forming a part of this specification.

My invention concerns the operation of sig-

naling insfruments at the central office of

telephone-lines, particularly lines provided

with means for supplying substation trans-
13 mitting - telephones with current conveyed
from the central office through the line con-
duetor. |
The invention embleces a number of dif-

ferent features, which 1elate to the eha.rfrmfr'.

20 of a local storage battery over the line con-
| ductors, the substamon signal-bell, the con-
neetmns of the return- euemt at the substa-

tion, and means for automatically setting a |

line- swnel in the use of the snbstatwn-tele-

25 phone, for effacing that signal in making con- |

nection with the lme, and for substltutmﬂ' for
the line-signal a supervisory signal. |

The obJects of the several features are to
provide a path of low resistance for charging

30 thelocal battery, topreventthe eontmueusly
flowing charging - current from interfering
with the opemtlen of the polarized signal- bell
to control a subsidiary line-signal threugh the
agency of a relay, to prevent excitement of

- 35 the relay during the idleness of the line by
the char D‘lnn‘-eunen‘r to render the relay in-
opeletwe when connection is made with the
line, and to operate a supervisory-lamp sig-
nal dlreell3 in the circuit of the eonnected

40 line.

In the system eonstltutmn’ this invention
the line conductors of a meta,lhe ¢ircuit are
united at the central office and grounded

| through the central souree of eurrent common

45 tothe different lines. The signal-controlling
relay, of high resistance, 1s mterposed in one

of the lme conductors and an 1mpedance-
coil of comparatively low resistance is placed

in the other line conductor, both of these in-

so ductive resistances being located in the line

between the source of current and the usual !

line-terminal spring Ja,ek or soeket At.the
substation the line conductors are united

‘througH the windings of the usual polarized

mgnal -bell, of high resmtanee and that one 55
which contams the 1mpedanee -coil 1s led to

‘ground or other suitable return-conductor

throuﬂ'h a path in which the local storage bat-
tery to be charged is placed. A switeh is pro-

vided for bringing the telephone appliances 60

into a bridge of the line in the usual way dur-
ing the use of the telephone A branch to
the return-conductor is led to the center of
the winding of the substa,tlon—telephone g
low - resistance impedance-coil being inter- 65
posed in the conductor to prevent dlsturbanee
of the telephonic ctirrents in the line. The

members of the pair of connecting-plugs are

united induectively through the windings of -
a repeating-coil, and a eenduetel is led from 70

‘thecentral pemt of the winding of the repeat- -

ing-coil to one pole of the befme mentioned
common source of current-supply. Ina con-
ductor leading from the source of supply to
each of the wmdmn*s is mterposed a superw- g -
sory signal-lamp arranged in connection with
a loeal circuit and source of current, whereby
the lamp is deprived of current while current
exists in the line-cireuit, being lighted only
when the current in that cireuit coases. 8o
In the normal condition of the line the

charging-current flows over the line conduc-

tors ;jemtly and through the return or ground
circuit, including the local storage battery
at the SLIbStthIOIl thus memtammw the 85
charged condition of that battery. Such a
large proportion of the current is diverted

from the signal-controlling relay in one con-

ductor through thelow-remstenee lmpedance-
coil in the otller' line conductor that the relay go
remams inert. For the same reason the sub-
station signal-bell is only very slightly mag-

netized, so that the operation of the bell by

a,ltema,bmﬂ’ signaling-currents in the line is
not hinder ed by the eha,rn*mo' currrent. The 95
removal of the substatlon telephone from 1ts
switch-hook for use permits the closing of a
connection through a low-resistance elremt
from each of the lme cenduetors,whereby the
signal-controlling relay is excited and causes 100
the display of the corresponding subsidiary
line-signal. When connection 13 made with
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the line, the relay and impedanece-coil become
shunted by the low-resistance windingsof the
repeating-coil in the plug-cireuit, assisted by
a properly-directed source of current, the re-
lay becoming inert and effacing the line-sio-

nal. Asupervisory-lampsignalissubstituted

for the line-signal of each line, which super-
visory signal remains undisplayed until at
the replacement of the substation-telephone,
and the consequent interruption of the cur-
rent in the line conductors, the source of cur-
rent in the local circuit about the supervisory
lamp causesitsillumination. _
visory signals associated with the two plugs

of the pair have thus the usual function of

indicating to the operator the condition of
use or disuse of the substation-telephone of
the corresponding lines. -
This improved exchange system is illus-
trated in the drawing herewith. This repre-
sents two substations whoselines terminatein
a switehboard and pairs of connecting-plugs,
with other accessory telephonic signaling and
supervisory appliances in the switchboard.
T'he apparatus at the substation comprises
the usunal receiving-telephone a, a transmit-
ting-telephone ¢/, an induction-coil a? a local
storage battery ¢’ a polarized signal-bell af,
and a telephone-switch «® for changing the

circuit connections when the telephone IS

brought into use. The winding of the mag-
net of recelving-telephone ¢ and the second-

~ary winding of induction-coil a2 are divided,
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“the signals under certain conditions.
- mmagnet of the signaling instrument ¢, which

~portions being included serially in a wire 1,

which terminates in normally-open contact-
poinis of the switch a”. From the point of
wire 1 intermediate of the winding of the
telephone the ground or return cireuit of the
line is connected, an impedance-coil ¢ of low
resistance—say twenty-five ohms—heing in-
cluded in the ground branch. The switch @’
18 constructed with contact-pieces, constitut-
ing, respectively, terminals of the line con-
ductors 2 and 3, which are closed to the ends
of wire 1 when the switch, relieved of the
weight of the telephone, rises. The trans-
mitting -telephone o' is contained, together
with the primary winding of induction-coil as,
in a local circuit 4 of the battery ¢® This
local circuit is controlled also by switch-con-
tacts of switch a, being closed while the tele-
phone is in use. The bell atis connected in
a permanent bridge 5 of the line conductor
and should be of very high resistance, one
thousand ohms being suitable resistance.
The local battery a®is ineluded in an earth
branch from conductor 3, together with an im-
pedance-coil a. |
The line conductors 2 and 3 are led at the
central office to the usual spring-jack b and
signaling instrument ¢ in a telephone-switch-
board and are connected in multiple with a
grounded battery d, which serves to excite
The

18, in fact, a relay, is included in the line con-

The two super-

-tioned.

pedance-coil e is interposed to prévent the
shunting of telephoniccurrentstoearth. The
relay ¢ controis the subsidiary signal £, pref-
erably a small incandescent lamp, which is
included in a local eircuit 6, containing a bat-
tery g and normally broken at the switch-con-
tacts of the relay. This signal-lamp 7 may
be associated in the usual way with the spring-
Jack or terminal socket b of the line.
The switehboard is furnished with pairs of
connecting-plugs /2 and 7/, whose like parts
are united through conductors 7 8 and 9 10,

which constitute the plug-circuit, the tele-

‘phonic econnection between conductors 7 and

S and between conductors 9 and 10 being
broken and a repeating-coil ¢ being inter-
posed in the circuit. The conductors 7 and
9 are, in effect, united through two windings
v and 7* of the repeating-coil.
tors 8 and 10 are united through other coils
v’ and 7%, wound upon the same core of the
induction-coil. = o - |
The usual ecalling-key & is interposed in
conductors 8 and 10, leading to the calling-
plug /' for connecting a generator I of sig-
naling-current into circuit with the plug men-
There-is also a listening-key m, by
means of which the operator may connect her
telephone n with the plug-circuit. Two su-
pervisory signals o and o' are associated with
a pair of connecting-plugs, one with each.
These signals, which are small incandescent

lamps, are connected in branches 11 and 12,

respectively, which lead from the points of
Junction of windings 7" and 7* and windings
> and %* of the induction-coil through a bat-
tery p to the free pole of battery d. About
each of these lamps o and o' is a shunt-cirenit,
1ncluding a small resistance-coil (these coils
being designated ¢ and ¢') and a battery »,

‘which is common to both of the circuits.
The satisfactory operation of this appara-

tus depends to a considerable extent on a cer-
taln adjustment of the resistances of the dif-
ferent parts with relation to each other.
necessary relation will become evident in fol-
lowing the operation of the system; but it

may be well to state here the resistances

found suitable for the different new appli-
ances. At thesubstation the impedance-coil

«° may have a resistance of twenty-five ohms.

The bell ¢* should be of high resistance—say
of one thousand ohms.

At the central office the magnet of relay c
may be of five hundred ohms, while the im-
pedance-coil e would have a resistance not
higher than one hundred ohms. The wind-
ings of induction-coil 2 may be of approxi-
mately twenty-five ohms each. The resist-
ance-coils g and ¢’ may be of ten ohms. Bat-
tery d may be of thirty volts, batteryp of ten
volts, and battery » of six or eight volts, de-
pending upon varying conditions of line re-
sistance., - |

ductor 2. _ In the other line condl.lqtor.an im-{ In the normal or idle position of the ap-

bl Uil o g e T e T che e I A L ) \
1 I|-“=I : il |E' .:! !".' FlLl !'hLIH;_-|.I. ..||.| :. H’!:::." . "-;r! :‘ :_:|:-...E|l.. J_' . _:. o . Eae . - r_I II . I': I .
[ e _.;.ll H o [T -] - L H AT R e -ul: ":-. ek . |I i 1 i , 1

The conduc-

The impedance-coil
a’,in circuit with the local storage battery «®,
may have a resistance of five hundred ohms.
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paratus the current flows from batteryd over | tor into communication with the subseriber

line conductor 3 and thence to earth at the
substation through storage battery a®. The
local storage battery is thus continually
charged while not in use. A small portion of
the current from battery d finds ecircuit
through relay ¢ and bell aat the substation;

buton account of the high resistance of these
Instruments the current is not sufficient to
operate the relay.
phone from the switch at the substation
brings the conductor 1 into a bridge of the
line, end thus closes a ground braneh ol com-
paratwely-low reelstance to each of the line
conductors. The current from battery d
through relay ¢ then becomes greatly in-
eleased a circuit being now elosed from line
eonduetor 2 through one-helf the conductor
1 to the center of the telephone a and thence
to earth through impedance-coil af, and the
relay is magnetized, attracting its armature,

and thus causing the 11111m1na,t10n of linesig-
nal-lamp f. The display of this lamp consti-

tutes a call to the operator, to which she re-
sponds by inserting plug A into spring-jack b | p,
of the line, whereby she 18 enabled to bring

~ her telephone into connection with the sitb-
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seriber’sline tolearn his order. The insertion
of the plug into the spring-jack completes
a new circuit from battery d to the spring-
jack, Including wire 11 and conductors 7 and
9 of the plug-cireuit, which lead to the con-
ductors 2 and 3 of the line-circuit, respec-
tively. A local circuit is now formed from
wire 11, conductor 9, and a part of the line
conductor 2, which includes the winding %,
the relay c, and the battery p. The electro-
motive force of battery p should be of the

proper direction and of such amount in this
circuilt as to create a condition of no differ-

ence of potential between the terminals of

the relay with respect to battery d or to ap-
Under that con-

proximate such condition.
dition the relay ¢ becomes inert and causes
the extinction of line-signal £ 'The current
from the batteries d and p flows out throngh
the two windings 2’ and 7* of the induction-

coil to the substation and through the ground

branch there, the circuit bemﬂ' through the
conductors 7 and 9 of the plug-circuit to the
line conductors 3 and 2, thence to the termi-
nals of the bridge-wire 1, and from that
bridge to earth through the impedance-coil
A portion of this current traverses the
supervisory signal o, inasmuch as this lamp

1S in a branch of the conduetor leading to the

junction of the coils?' 2°; but so much of the

- current 18 diverted from this instrument

60

through the shunt about the lamp by means

of battery » that the lamp remains unlighted.

1t will be understood that the funetmn of

battery 7 is to reduce the difference of po-
tential between the terminals of the lamp in
the same way that battery p reduces the dif-
ference of potential between the terminals of
relay ¢. Thus the act of inserting the plug &
into the 8p11n0'-;|eck b Ims brought the opera-

. The removal of the tele-

and has extinguished the line-lamp f and the
supervisory lamp o. Having received the sub-

' scriber’s order for the connection required,
| the operator inserts plug /' into the spring-

70

jack of the desired correspondent line and

operates the calling-key /% to ring the bell at

the substation. The efficient operation of

75

the bell by the calling-current thus sent is

not impaired by current in the line-circuit
from the battery d, as in systems heretofore
organized, since this bell receives but a very
small proportion of the current flowing in the

line for charging the local storage battery a®.

The act of inserting plug ~' into the spring-

jack of the eorrespondent line brings super-
visory lamp o' into a relation to that llne simi-
lar to that of supervisory lamp o in respect

to the calling-line, as before traced. Since,

80

however, the1e is as yet no complete 011'011113 )
to earth of low remstenee at the called sub-

station, the lamp o' remains still lighted by
the current from battery 7,in the closed local
circuit of which it forms a part. Thebattery
which is connected to ground through the
battery d, finds circuit thloun'h the Wlndlnﬂ'
v* of the Iepeatmﬂ'-cml and the strand 10 of

the cord-circuit to the sleeve of the plug,
‘whence it passes to the thimble of the spring-

jack and to the line conductor 2 of the tele-
phone-line. The electromotive force of the
battery » and conductor 2 then tends to pro-
duce current through the relay ¢ of the called
line and back to the other side of the battery

through conductor13, which conductoris that

one which connects all the telephone-lines
together to grounded battery d. The balance
of electromotive force between batteries p
and d, the latter having a higher electromo-
tive force, is, however, such that the battery
P, while it may tend to reverse the slight cur-
rent flowing through the relay ¢ from b&ttel y
d, does not produee sufficient current in this
relay to light the signal-lamnp ¢ontrolled by
such relay. A smell current from battery p

may also flow out over conductor 2 of the
telephone-line to a substation through the

signal-bell «*, conductor 4, through the 1m-

pedance-coil al to oground, the return-cireuit

then being through to earth and back to the
otherside of the battery pthrough the ground-
ed battery d at the central office. The su-

pervisory signal o' therefore will be lighted

by current ﬂowmﬂ‘ in the local circuit frem
battery » until the called subscriber re-
sponds—that is, so long as no appreciable
current flows from bebteues d and p through
the plug-circuit. It may be mentioned that
during the idle condition of the plugs the su-
pervisory signal-lamps will be lighted by cur-

rent from battery r, flowing in their local

circuits, and that a supervisory lamp will be
extinguished only when the plug with which

it is associated is connected with a telephone-

line grounded at the substation by the re-
movel of the substation-telephone from its
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| hook. When the subseriber at the called sub-
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station removeshistelephonefrom the switch,
current is permitted to flow from batteries d
and p, acting in series through the conductor
12, including the supervisory signal o', and
thence to earth at the called substation. The
conditions of potential are thus produced in
thiscircuitrequisite forextinguishing the sig-
nal-lamp ¢’. The obscuring of this lamp is
therefore a signal to the attendant that the
called subseriber has responded and has re-
moved his telephone from its switch-hook.

When both telephones are thus removed, the

apparatus 1s in position to permit conversa-
tion between the subscribers. Telephonic
currents created ateithersubstation and flow-
ing in the circuit made up of the line con-
ductere and a portion of the plug-circuit are
induetively propagated or repeated into the
other circuit to affect the receiving-telephone
therein. When the telephone at either sta-

tion is replaced on its switch, the current

from battery d, through the corresponding

- supervisory signal and its associated conduc-
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tors, is interrupted and the supervisory sig-
nal becomes excited by current from batbely

r. 'Thesimultaneous lighting of both signals |
may be accepted by the operetm as sw*mfy-.
ing the termination of conversation, and she-

may then remove the plugs from their spring-

Jacks and return them to their normal posi-

tions.

My invention is deﬁned in the fellowmg
claims:

1. The combination wu:h a metallic-circuit
telephone-line. extending from a substation

-to a central office, of a source of current at

the central office 1neluded in a branch from
both limbs of the line in multiple to a return-
conducfor, a signal-controlling instrument
included in 011e 11mb of the line at the central
office, a local storage battery at the substa-

tion 1neluded in a bmnch from the other limb

of the line to the return-conductor, and a
switch at the substation for eontwllmg the
flow of current through the limb which in-
cludes the signal- contrellmﬂ' instrument, sub-
stantially as “and for the ‘purpose set forth.

2. T'he combination with a metallic-circuit

telephone-line, of a central source of current;

in a circuit composed of both limbs of the line

in multiple in conjunction with a return-cir-

cuit, a local storage battery at the substation
of the line in the circuit, a signal-controlling
instrument in one line conductor, said line
conductor or signaling instrument being of

“high resistance, the other line conductor be-

ing of comparatively low resistance, whereby
the operation of the si ﬂ'nal-centrellmﬂ' instru-
ment by the normal charﬂ'm g-curr ent is pre-
vented.

3. The combination with a metallic-circuit

telephone-line, of a central source of current |

i)

spring

in a circuit formed of the line conduectors

 thereof in multiple and a return-conductor,
of a signal-controlling instrument and a con-

ductor of high resistance in one of the line
conductors, a local storage battery in the
other of the line cenductms and a switch at
the substation adapted to cut out the said
conductorof high resistance, whereby the sig-
nal may be eperated fwm the substatlon as
described.

4. The combination with a telephone-line
connected with a source of current at the cen-
tral office, including a signal-controlling mag-
net, and pwwded Wwith a switeh controlllnfr
the current in the line from the said source,
and a terminal socket of the line, of a plug
and cord for making connection with the line,
a conductor terminating inn the plug adapted
to be brought intoshunt of the magnet when
the plug is in the socket,; and a second source
of currentin the eenductm of proper polarity

“and strength to produce a condition of no dif-
ference ef potential between the terminals of
‘the magnet when the said shunt 1S complete,

snbstan tlally as described. .

5. The combination with a metallic-circuit
telephone-line and the telephone thereof at
the substation, of a return-circuit for the line
connected with the central point of the wind-
ing of the substation- -telephone, and an im-
Dedance coil in the return-circuit, a bridge
of the line-circuit at the central eﬂiee, a sig-
naling instrument associdated with the line £0
reSpond to current therein, and a source of
currentinther eturn-—clremt for operating the
said signaling instrument, as deseribed.

6. The combination with a telephone- line
and a switch controlling the continuity of the
line at the substation, of a relay and a source
of current in the ]me at the central office, a
-jack connected with the line, a plug
for making connection with the bpunfrqu
2 conduetm attached thereto adapted to be
brought into parallel circuit with the relay
when connection is made with the line, a
source of current in that conductor of proper
strength and polarity to reduce the difference
of potentlal between the terminals of the re-

Jlay to substa,ntmlly Zero, a supervisory-lamp

signal in the conductor a shunt about the
signal and a source of current in the shunt
adapted to reduce the difference of potential
about the supervisory lamp substantially to
zero, while the line- elremt 18 complete, as de-
scribed.

In witness whereof I hereunto subseribe my
name this 3d day of October, A. D. 1896.

CHARLES E. SCRIBNER.

Witnesses:
-~ ErrpA EDLER,
PEARIL CLENDENING
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