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To all whom it may conceri:

Be it known that I, Joun J. CARTY, a citi-
zen of the United States, residing = Caibridge,
in the county of Middlesex and State of Mas-

5 sachusetts, have invented certain new and use-
ful Improvements in Telephone and Telegraph
Circuits, of which the following is a specifica-
tion.

The invention relates to certain improve-
ments in the organization of electric circnits
for telegraphic and telephonic communication;
and its object is to diminish the detrimental
effects due to induction in long lines, to de-
crease the resistance of long cireuits, and to
increase the available eapacity of the lines for
transmitting and receiving.

While thie invention is especially of use in
telephony, it is also applicable to telegraphie
and other cleetric systems. Tt is well known
thatlong lines areinfluenced by currents trav-
ersing neighboring eonductors, by atmospherie
electricity, and earth-eurrents, and that these
frequently produce in telephone-cirenits such
extra currents as to render the operation of
long lines impracticable. Underground and
submarine cireunits are also diflictilt £ oparale
because of the ecurrents induced by currents
traversing neighboring eondnectors,and heeanse
of  the static capaelty of the lines. For this
reason it has become customary, in operating
systems in whieh it is neecessary to avoid in-
duced currents, to employ metallic cirvenits.
‘Whatever currents are then induced upon the
outgoing conduetors are practically nentral-
ized,becanseof the equal and opposing carrents
induced in the return-conductors. Such con-
struetion, however, is expensive, in that it re-
quires two conductors in place of the single
conductor usunally employed.

The present invention consists, principally,
in employing two conductorsin place of a sin-
gle main line, and transmitting currents over
both lines for operating the apparatus, and
usually a third conductor or set of conductors,
or the earth is employed as a return- conductor
Like currents induced upon these two lines
have equal and opposite effects upon the re-
ceiving apparatus, for cach wire includes in
its cireuit a coil of the receiving-instrnmeniy
and these two coils oppose each other. l‘he
lines, after traversing the receiving-instrument
at each- terminal station, are connected with
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each other and then with the return-conductor

or with the earth. Other telegraphic or tele- =~
phonie instruments may then be ineluded in 55
the condunetors leading from the united lines
to this return-conduetor or to the earth. The
organization at each of the respective ends or
terminals of the lines is essentially the same.
It is evident that whatever eurrents are estab-
lished in the main lines by outside causes will
oppose cach otherinthe receiving-instruments,
and therefore produce no effect. Any current,
however, which is caused by the transmitter
to pass over one line will be of a given charac-
ter, and that simnltaneously transmitted upon
the other line will be of the opposite charac-
ter. These currents will assist each other in
operating the receiving -instrmment at the
distant station. The operation of the instru-
ments ineluded in the earth or return con-
ductors will have no cffeet upon the instru-
ments in the double lines, for the reason
that whatever currents pass to the lines from
either or both eonductors will divide between
the two lines and neutralize cach the effect of
the other. The condruetors thus formed into
pairs may be still further conpled with other
pairs to any desired exteng, and instruments
nmay be included in the conduetors leading
from two pairsbefore they ave united with each
other, and these conductors being united are
eitherled diveetly to the earth or through one
coil of a receiving-instrument, the other coil
of which is included in a line derived in the
same manner from twoother pairs. Thissys-
tem may be extended to any desired extent.
The united conductors, instead of being led
directly to the earth, may lead to more or less
distant stations, and there again connected
with branch condnetors leading to another
station.

I am aware that it has been proposed to
employ outgoing and return wires twisted
about cach other for condueting currents from
opposing batteries to a receiving-instrument
wound with opposing coils, which coils are
respectively included in the two wires.

In the accompanying drawings, Figuré 1 is
a diagram illustrating the general prineiples
upon which the invention is based. Tig. 2
illustrates a method of employing two pairs
of lines in combination. Figs. 3 and 4 show
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connection with a telephonic system, and also
the application of repeating-coils. Tig. 5 is
a diagram illustrating the extension of the 8ys-
tem, and Fig. 6 is a diagram illustrating the
method of connecting different points with
alternate single and double conductors.

Referring to the figures, I” and 1 represent
two main lines extending between two sta-
tions, X and Y. At the station X the line
L/ Jeads from a point, 1, through the coil o’ of
a suitable instrument, A’, in this instance a
magneto-telephone wound with two opposing
coils. The main line 1.2 leads from the point
1 through the second and opposing eoil, ¢, of
the instrament A’. The core ¢, upon which
the coils ¢’and ¢* are mounted, is a permanent.
magnet, and a diaphragm, C, is placed near
one end in the usual manner.

The instrument is in all vespects the same
in construction as a magneto-telephone, with
the exception that is is provided with two
coils instead of one, and these are designed
to be connected in two circuits and oppose
each other. Whatever variations in the mag-
netism of the core ¢ are produced, will, it is
evident, establish currents opposite in echar-
acter in the lines I and T# since the coils o
and «’are wound in opposite directions. The
line 1/ leads to a station, Y, through the eoil
@ of an instrument, A? similar to the instru-
ment A’. From the coil « the conductor I
leads to a point, 2. The line L*leads through
the opposing coil «’, surrounding the core.¢ of
the instrument A? and thence to the point 2,
where it unites with the main line I/, It will
be apparent that whatever current traverses
the coil ¢’ from the main line I/ will tend to
induce a certain polarity in the core ¢, and an
opposing current upon the line L will tend to
produce the same polarity in that core.  Thus
the currents sent upon the two lineg by the
instrument A’ will assist each other in oper-
ating the instrument A? while the eurrenis
established apon the lines from other causes
will neutralize each other. The points 1 and
2 are respectively connected by conductors 3
and 4 with a conduector, I.. A current trav-
ersing eithet line I/ or 1 will, it is evident,
have a return path either through the con-
ductor IF or I/ or through this conductor TI..
The earth may be substituted for the con-
ductor L, as shown in Fig. 3, and usnally this
is preferred, as it offers-practically no resist-
ance. The currentupon eitherline may be con-
sidered as passing to earth, and as encounter-
ing only the resistance of the single line I/ or
I7. From this it will be apparent that not
only are all the advantages due to the em-
ployment of a metallic circuit obtained when
the earth is employed as a return, but the re-
sistance of the circuit is reduced one-half, for
the reason that the currents are compelled to
traverse only one-half the length of conductor,
and, moreover, the currents upon the two
lines asgist each other, and a stronger action
of the receiving-instrument is secured.
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In Fig.1a magneto-telephonie apparabué is
represented at the station X . and Y. "It will

be understood, however, that the invention is.

not in any manner. limited to the inethod

shown of connecting or employing telephonic ,
apparatus, nor to telephonic apparatus itself,

but that this general organization may be em-
Dloyed in various different manners to develop
opposing currents in the two lines and trans-
mit them to a distant point, where_they may
be employed in developing magnetism, which
may be utilized in any well-known manner
for operating various electrical apparatus.
Additional apparatus may be placed in the
conductors 3 and 4, as shown at ¥ and B In
this instance the usnal forms of magneto-tele-
phones are represented. It is evident that
vhatever current passes to the point 1 from
theinstrument 1¥ will divide between the lines
L/ and 17, and produce no effect upon the in-
struments A’and A’ but, uniting again at the
point 2, they operate the instrument 122,

In Fig. 2 there is shown in place of the re-
turn-conductor L.asecond pairof lines, I’ and
LY. Additional instruments, A® and AY, sim-
ilar to the instruments A’ and A” are includ-
ed in these lines. . In this manner three -sets
of instruments are employed in connection
with four line-wires.

It is not intended herein to elaim, broadly,
the precise organization of apparatus illus-
trated in Figs, 1 and 2, but only as involved
in the claims, as hereinafter pointed out. A
deseription of this system of apparatus, how-
ever, is of assistance in understanding the
other features of the invention.

In Fig. 3, in place of the magneto-telephones
shown in Figs. 1 and 2, there is shown af sta-
tion X an induction-coil or repeating appa-
ratus, B'.
eoft-iron core carrying the opposing coils b
and 0* and a third coil, b. - A suitable trans-
mitter, IV, of any desired character is repre-
senbed as being conneeted with conduetors in-
cluding this third eoil, . The coil b may in
this instance be considered as a primary coil
and the coils )’ and 3* as secondary coils,

At station Y a.repeating-coil, 1% is shown.
The opposing eoils J” and ¥, surrounding the
soft-iron core ¢ of this instrument, are con-
nected in the lines I/ and 12 respectively, in
the same manner as the coils ¢’ and «’ in Fig.
1. Thethird coil;d, of this instrument is con-
nected through a suitable receiver, . The
method of operating this organization will be
evident. The points 1 and 2 are respectively
connected with the earth at G’ and G*. Should,
therefore, either of thelines I/ or I? become
broken or otherwise inoperative, the remain-
ing wire may still be employed in connection
with the earth-conductors and thus communi-
cation might be continuned while the first wire
was being repaired. L ’

Is wiil be
repeating apparatus may be employed than
that shown. It is not always necessary that

This consists in this instance of a -

anderstood that other forms of 1
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a soft-iron core be employed, and in some in-
stances the direet inductive action of the eur-
rents may be employed. 4

In Fig. 4 there is illustrated an organize
tion  in whieh, in addition to t..; apparatus
shownin Fig. 3 there is represented at station
X a receiver, E, connected throngh the coils
b of a repeating:-coil, B*. This has opposing
coils ¥’ and »* surrounding its core ¢’ and re-
spectively connected with the conductors I/
and I”. Inlike manner a seccond induetion-
coil, BY,-at the station Y is provided with a
primary coil, b, included in the ecireunit of a
transmitter, D* and opposing coils ¥’ and »*
are respectively included in the main lines T/
and I*. The operation.of this portion of the
apparatus has already been sufficiently ex-
plained. The conductor 3 leads from the point
1'at station X through a Morse receiving-in-
strument, H', to one pole—say the positive—
of a battery, O'. The negative pole of this
battery is connected with the earth at G’ by a
conduetor, 5. A conductor, 7, leads from the
positive pole of the battery O’ to a key, K.
The front contacs, &', of this key is conneeted
by a conductor, 9, with the negative pole of
the battery. When the key is closed, the bat-
tery O'is shunted. At station Y a eonduetor,
4, leads through a similar receiving-in-
strument, ¥, to the positive pole of a bat-
tery, O°. The negative pole of this battery
is connected by a conductor, 6, with the earth
at G A. conductor, 8, leads from the. posi-
tive pole of this Lattery to a key, K2 the
frong contact-point, &%, of which is connected
by a conductor, 10, with the negative pole
of the battery. The two batteries O’ and
O® therefore oppose each other, and no cuar-
rent traverses the line so long as both keys
remain open., By closing the key K’ the bat-
tery O’ will be shunted and the instrament 12
at the distant station will respond, as also in
this instance the instrument H’, to the nnop-
posed currents from the battery 0. Tn like
manner the instrument H' may be operated by
The currents thus transmitted
from the batteries O’ and O* will, it is evident,
traverse both main lines I/ and T7#; but as they
traverse the opposing coils of the instruments
B, B, B, and BY, they will produce no effeet;
upon these instruments, it bein, twinderstood
that the resistance of the two lines is equal.
At the same time this advantage is gained,
that the resistance which is encountered be-
tween the points 1 and 2 is only half as greab
as if the currents were compelled to traverse
onlyone line, I’ orI% Two sets of apparabns
aretherefore operated over the two main lin es,
with the advantage already named. '

In Fig.5 a method of extending the system
is illustrated. TIn this figure there are repre-
sented, instead of only two lines, I’ and Iz,
connected in the manner alveady illustrated
in Figs. 1 and 2, three other pairs of lines, I}
and LY, I? and If, and L7 and I8 Iach pair
of conduetors is eonnected in the manner de-
scribed with reference to Figs. 1 and 2, and

provided with the requisite transmitting and
receiving apparatus, as illustrated at A’, A’
A%, and A, &e.  The lines 1. and T/ are con-
nected at the points 1 and 2, as before. In
like manner the lines I and I,/ are connceted
with the points11 and 12, the lines L and Ifat
the points 13 and 14, and the lines L' and 1.° at
the points 15 and 16. A conductor leads from
the point 1 through one eoil of an instrument,
A% and a conduoctor leads from the point 11
through the opposing coil of thig instrument,
and thesetwo conduetors are united at a point,
17. In like manner conductors leading from
poinbs 13 and 15 include opposing coils ¢ and «*
of an instrument, A% and are connected at a
point, 19. Conductors lead from the points 17
and 19, respectively, through opposing coils «’
and «®, applied to a receiving-instrument, A,
These conductors unite at a point, 21, and are
connected with the earth at G’ by-the con-
ductor 3, including suitable transmitting and
receiving instruments, D" and I, The or-
ganization at the other terminal station of the
line is precisely similar, and a detailed de-
seription will not be necessary.

It is evident that the instruments A/, A? A¥,
and A* will be operated in precisely the man-
ner already described with reference to Iigs.
1 and 2, likewise the instruments in each of
these pairs of main lines; but the currents
passing through the opposing coils « and «
of this instrument A® will pass to the distant
station through the four wires I/, 1%, 1%, and
LY, and the resistance encountered will be cor-
respondingly diminished.  The instrument A®
will operate in a similar manner. The instru-
ment A7 will operate in the same manner, the
enrrents through the opposing coils passing
to the distant station throngh the eight lines,
and therefore encountering a correspondingly
small resistance. In this fignre there are rep-

resented telephonic transmitters and receivers .

ol the magneto type, cach being wound with
two opposing coils, ¢’ and ¢, and each pro-
vided with a diaphragm, C. This form of
illustration is employed for convenience; bat
it is evident that the invention is in no man-
ner restricted to this organization.

In Fig. 6 the invention is illustrated in its
application to donble and single circuits alter-
nately connected. In this figure there are
represented terminal stations at Boston and
New York, and intervening stations at Provi-
dence, New London, New Haven, and Bridge-
port. At the Boston terminal the bransmitting-
instrament 1) and receiver I¥ are represented
as included in the eonductor 3, leading to.the
carth at . At the point 17 the cirenit di-
vides between the opposing coils «’ and «* of
the instrament A’ The currents traversing
the coil ¢’ of the instrument A® pass to the
point 1 and there divide, passing through the
opposing coils ¢ and «* of the instrument A’.
The currents traversing the coils «? of the
instrunment A® pass to the point 11 and there
divide through the opposing coils « and «? of
the instrument A® included in the cireuit of
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the lines I’ and L. ™The lines I/ and 12 are
connected at the Providence station through

the opposing coils @ and « of the instrument
v ! g

Af and then united at a point, 23, in a line,
I, which leads to the New London station.

At this station the lines again divide at tho
point 25, and pass throngh the opposing coils:

@’ and «* of the instrument A”.  As these lash-
mentioned coils oppose each other, the cur-
rent {rom the seetion of line [ will produce no
effect npon the instrnment AY, and the eur-
rents will pass from the coils to the next gha-
tion, through the two lines 7 and I, which
conneet the New London with the New ITaven
station. These sections of line are in turn
connected at a point, 27, at New Haven, in
preeisely the same manner.  The instroment
A ab New Flaven is included in eireuit in
Drecisely the same manner as represented ab
A’ at Providence., It will be ninecessary to

-eonfinue the deseription of this cirenibt to

the stations at Bridgeport and New York, as
the organization will be evident from the pre-
ceding description. The other branch of the
conductor, 3, at Boston passes from the point
11.through another system of main conductors
precisely similar to that deseribed. Tt will he
evident that the instrument T, included in the
conductor 4 ab New Yorlk, will respond to the
currents transmitted from the instrument 1
at Boston, and likewise the instrament 19 ap
Boston will respond to the instrument 1* at
New York, and the eurrents from these instra-
ments will pass through the entire system of
main lines without affecting any of the inter-
mediate instruments.  Tn like manner, when
the instrument A® is used as a trangmitter the
instrument A" will respond, and viee versa.
The instruments A’and A® may be employed,
each for operating the ofher, withont aflecti ng
the other instruments of the system. Tike-
wise the instrnments A’ and A", and so on
throughout the systen. .

It may be desirable, in some instances, to
include in one of the single lines—, for in-
stance—an instrument designed to operate or
respond to an instroment included ab some
other point where the lines are united-—thus,
for instance, an instrument, A®, (indicated in
dottedlines,) may be included, as shown in the
conductor 1, and switched in and ont of eir-
cuit asdesired. This instrament will operate
in connection with a similar instrument, A",
included in the conductor 7', leading through
the single coil @’ of the instrument A at New
York. In like manner an instrument, AP
indicated in dotted lines, may have its oppos-
ing coils included in the vespective conductors
13 and 15, which unite New 1Taven and Brid ge-
port, or any similar stations, and this instrn-
ment will respond either to the instrament A®
ab Boston or A"™ at New York.

It is evident that: the general plan of the in-
vention may he still further extended, and va-
rious modifieations in the organizabion are
obvious, but these do not here require specific
description.:

I claim as my invention—

1. The combination of two main lines, a

transmitting device connected swith both main
lines and consisting of an inductoriam for es-
tablishing electrical impnulses upon said main
lines, a receiving-instrument hayving coils in-
cluded in ‘both said main lines, and a con-
ductor or conductors uniting said main lines
with the enrth ora return-conductor.
2. 'I'he’ combination, as hereinbefore ‘set
forth, of a transmitter and a receiving instru-
ment, coils in each of said instrpments, two
main lines, each including one-of the coils in
cachi instrament, conductors uniting said main
lines with the earth or with each other, a
third coil in one of said instruments, and
means for establishing carrents therein, sub-
stantially as deseribed. e

3. The eombination, substantially as: here-
inbefore set forth, of two cores, - opposing
coils upon each of said cores, two main lines,
cach including one of the coils upon each core,
conductors uniting said main lines with the
carth or with each other, a third coil upon
one of said cores, and means for establishing
currents therein, snbstantially as deseribed.

4. The combination, substantially as here-
inbefore set forth, of two pairs of. coils, two
main lines, each including one of the coils of
ach pair;.substantially as described, two in-
ductorinms having primary and secondary
coils, the seeondary coils being respectively
neinded in said main lines, conductors unit-
ing said main lines with a’ common return-
conductor orthe earth and telegraphic or tele- _
phonicinstruments included inthe first-named
conduetors. ‘

5. The eombination, substantially as here-
inbeforeset forth,of two pairs ofopposing coils,
two main lines, each including one of the coils
ol each pair,substantially as deseribed, two dif-
ferentially-wound indnctorinms, the opposing
coils of each of which are respectively included
in said main lines,atransmitter for establishing
impulses in the primary coils, conductors unit-
ing said main lines with a common return-con-
ductor or the earth and telegraphic or tele-
phonic instrumentsineluded inthe first-named
conductors. :

6. The combination, substantially as here-
inbefore set forth, with two main linnes, of a
magnetizable core at one station, opposing
coils npon said core and respectively included
in said main lines, a third coil upon said corse,
o cirenit ineluding said third eoil, means for

csstablisuing o variable eurrent in said third

coil and thereby varying the magnetizaiion
of said core, a_conductor uniting hoth said
main lines with the earth, a second core lo-
cated ab a distant station, opposing coils upon
said core respectively included in the main
lines, and a conductor uniting both of said
lines with the earth or return conduetor af
the distant station.

7. The combination, substantially as here-
inbefore set forth, of a transmitting-instra-
ment, a soft-iron core, & coil upon said core
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sonnected in eircuit with said transmitting-
nstrument, two coils wound in opposite di-
-ections, also mounted upon said core, two
nain lines respeetively including the last-
aamed coils, a conductor connecting the two
lines with the earth, and a receiving-instru-
ment responding to currents simultaneously
gransmitted in opposite directions upon said
lines, but silent to currents in the same diree-
tion.

S. The combination of two main lines, a
transmitting device consisting of a differen-
tially-wound inductorium for send. ;6w iuds
of opposite character upon said lines, a re-
ceiving-instrument included in said mainlines
and responding only to enrrents transmitted
in opposite directions upon said main lines,
and conductors leading from said main lines
ab points respectively beyond said transmit-
ting -instrament and said receiving - instru-
ment, and connecting with apparatus designed
to be operated by currents transmitted in the
same direction through said main lines.

9, The combination of two main lines, a
transmitting device consisting of a differen-
tially-wound inductorium for sending currents
of opposite character upon said lines, a re-
ceiving-instrument responding only to cur-
rents of opposite character upon said lines, a
transmitting deviee for sending currents of the
same character upon said lines, and a receiv-
ing-instrument responding only to currents of
the same character npon said lines. '

10. The combination, substantially as here-
inbefore set forth, of two main lines, a trans-
mitting device for sending eurre. {2 oI Sppo
site character upon said lines simultancously,
a receiving-instrument included in said main
lines and responding only to currents trans-
mitted in opposite directions upon said main
lines, conductors leading from said main lines
at points respectively beyond said transmit-
ting-instrument and said reeciving - instru-

ments to the earth, a battery, and a receiving-

instrument ineluded in each of the last-named
conductors, said batteries opposing each oth-
er, and two keys respectively serving, when
operated, to cut said batteries out of circuit.

11. The combination, substantially as here-
inbefore set forth, of two or more pairs of
main lines, electrical instruments included in
said main lines for sending and responding to

. <opposing currents upon each pair of main

)

lines, conductors uniting the respective pairs
of main lines with each other, and an instru-
ment having opposing coils respectively in-
cluded in the last-named conduetors, substan-
tially as deseribed.

19. The combination, substantially as here-
inbefore set forth, of a main line divided ab
intervals into two branch lines, a transmitting
and reeeiving instrument for respectively
transmitting and responding to opposing eur-
rents upon said branch lines, and transmitting
and receiving instraments respectively in-
cluded in the main line.

13. The combination, substantially as here-
inbefore set forth, of two main-line conduct-
ors divided at intervals into branch conduct-
ors, and again uniting intoa single conductor,
instroments ineluded in each of the loops or
branches thus formed for transmitting and
responding to opposing currents upon the
branches, and eonduetors uniting the two first-
named conductors with each other ab their
respective terminals, instroments included in
the last-named conductors having opposing
coils, and conducbors uniting these eonductors
with the earth, substantially as described,

14, The combination, in a telephonic in-
strument, of two opposing coils respectively
inclnded in different mainlines, a transmitter
and a cirenit therefor extending into induet-
ive proximity to said opposing coils, and act-
ing inductively upon the same when traversed
by currents.

15. Tn a telephonic system, opposing coils,
a core carrying the same, a transmitter, a cir-
cuit for the same, and coils ineluded in said
circuit and mounted upon said core.

16. The combination of two main lines, coils
included in said main lines respectively, a
transmitting device, a cirenit for the same,
and coils included in said cireuit and located
in induetive proximity tothe first-named coils,
whereby opposing carrents are established in
the two lines through the instrumentality of
the first-named coils by variations in the cur-
rent eaused by the transmitter.

Tn testimony whereof I have hereunto sub-
seribed my name this 276h day of January, A.
D. 1886.

JOHN J. CARTY.

Witnesses: - :
EpwarD F. BACKUS,

CHARLES H. HERZIG.
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