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To all whom it mway concer:

Be it known that I, Joux J. C ARTY, & citi- |

zen of the United “Jtat{%% residing in New
York, in the county and State of New Y orlk,
have invented certain new and useful Tm-
provements in Klectric Circuits, of which the
following 1s a specification.

The inventiou relates to certaln improve-
ments in the construction of telegraph or tele-
phone lines. Its primary objects are to pro-
vide means for preventing, in so far asis possi-
ble, the detrimental elfects occasioned by in-
duetmn and to decrease 111:3 resistance of long
cireuits.

It has been customary to twist the outleoing
and return wires of metallic civeaits about
each other for the purpose, as shown in Let-
ters Patent issued to David Brooks, IFebruary
22, 1881, No. 238,195, of placing each wire in
the same 1‘81%1t]-011 to mtenml single-wire ¢ir-
cuits, so that whatever cffect may bhe devel-
oped induetively by sueh circuits upon the
outgoing conductor will be exactly nentral-

ized by an equal but oppositely-acting effeet
In a pat-

apon and in the return-conductor.
1886, No. 2
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strung upon poles, or, the wires of each pair
being “twisted tog ether, the circuits may in a
manner well Lmdelstood be formed 1nto a

cable. "The proper crossings of the two mem-
hers of the compound Clmmt heing made at
convenient distances apart, the 111111{11 trans-

- positions between the two wires of each of

the first pairs are in cables unnecessary, the
twisting of the said two wires together serv-
ing in hen thereotf.

In the accompanying drawings, Figure 1 is
a dlagrani 11111&:‘(1311]1& the construction of a

with this invention. TFig. 2 shows a similar
cireuit in which the instruments and their
relative positions in the circuit are more
clearly indicated, and Fig. 5 shows a com-
pouml metallic cireuit in inductive proximity
to an external cireuit: illustrative of the mode

- in which reciprocal neuntrality is effectuated

- hetween such cireuwits by my invention.

Referring to Figs. 1 and 2, A and B repre-

“gent main metallie cireuiis of a telephonie

there is deseribed a system inwhieh two con-

ductors arc emploved in place of asingle main
line for operating apparatus by currents trans-

mitted upon both lines, and in a pending ap-
Aand B s prov ided with clectrieal transmit-

plication, Serial No. 218,020, 1 have deseribed

certain modificationrs of such a system.  The
present invention is designed o he employed

in connection with such an arrangement of

circuits, and in general terms it provides that
the two wires of a single pair twisted, trans-
posed, or crossed with one another sx*mmdm*
all}, g0 as to be neutral to a similar metallic
circuit adjacent thereto, may
tute one side of -an independent
side 15 formed of
wires of a sccond pajr, and that wl
ranged the two pairs of wires Torming the
said independent cireult shall also be ¢rossed
or caused to change places with one another
in amanner J:ﬂleﬂ ous to the crossings of the
two wires of each 01 the said two pairs, fov the

cireult of

furn consti- |

ting and receiving instruments?’, £,

system, 1.7 L7 being respectively the two
wires of one cirenit, while L”7 and L."" rep-
resent the two wires of another. These may
he ]mnml ap, as shown, to form a third metal-
le cirentt, C, (}xiondmf‘—- between terminal sta-
fions Il .:md J of w 111011 A forms one conduetor
and B the other. Raeh of the original eircuits

{77, and

#1777 the said instruments heing (mlwﬁuveh
included in their several {*Jumh in the usual

way, 7 working reciprocally with 777 in cireuit

A fmd P with 7777 in cireuit B.
'l“‘lm Sev ufu ]HH{] unwuta f (‘*(}1111(‘*{‘*""‘9{1 n'll"h

11@10 1(}1&1}]“;“0% ¢ 1(*]1 1}10\‘1(1(}(1 with t\\ 0 a{}]m—-

“rate coils, and these coils are so connected

the two
IeN SO ar-

f e ——_—— e u

purpose of maintaining neutrality between

the said independent compound cireult and
an adjacent external circuit. These circults
so formed and transposed may either be

- cuit, connect with the

with respect to one another that the currents
traversing the receiving-instrument coils of
the civeuits A and 13, in their individual sense,
re-enforce each other in the coils of then: re-
spectiveinstruments. It will, however, be ob-
served that the Cm}due‘nlmhnlm n, which at
the stations 1T and J unite the m O cirenlits
A and B to form the third and compound ¢lr-
sald cirveuits A and B

at a point between the two coils 0{ the sev-
eral instruments U7 777 and

(" cor, it there

(3:111117101111(1 cireunit constructed in accordance’
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2 , 309,377

be but one continuous coil Lo the said instru-
ments, the ends of the said link 7 would con-

nect with points p atthe center thereof. - Con-
sidering now the circuit C as a whole, it will
be seen that it also 1s provided with commu-
cating-instruments £ ¢*, shown also as mag-
neto-telephones, which may be and prefera-
bly are included in the eonnecting-links n
which unite the two init 1.:11 civenits to Fm m t he
third. _

The currents from the instrument £ serve
to operate the instrument #, and, conversely,
* 1s responsive to °; but the currents from

-these instruments do not operate the instru-
, because the two lines

.é.’f!f

ments ', ¢/, ¢’’’ or
of the circuit A constitute one side, while the
two lines of I3 constitute the other side, of the
circuit traversed by the cuarrents developed
by & or %, and thus the instruments ¢’ or 7"
when operated, develop at any given time cur-
rents in the same direction in theline I.” and
L”’, but in opposite direction thereto, in the
lines L”"" and L', While, therefore, these
currents combine to operate their respective
receivers ¥ or 5, as the case may be, they are

adapteﬂ to exercise eqnal and opposing effects
in the coils of the instruments ¢ ¢/ and ¢/’
t"""" interposed directly in the respective cir-
cuits A and B, these being necessar 1ly, there-
fore, irresponsive.

To sum up: The instruments ¢ and 7" are
reciprocally responsive to one another, their
currents circulating in the two wires L/ and
L’ of the metallic cirenit A only. So, also,

instruments {77 and ¢/ are reciprocally re-

sponsive to one another and in the same way
serve their cireuit- I3 exelusively, their cur-
rents fraversing in one direction the line 1.7’
and in the other the line L/, and in like
manner the instraments £ and ¢° reeiprocally
operate each other exclusively in the com-
pound circuit C,thelr currents traversing the
two wires of the clemental ecirenit A in one
direction and returning by way of the two
wires of the other clemental circuit, I3.
Reterring now to Iig. 3, which shows the

essence of my 111&'0111;1011 the former figures

being largely of an expl: u_mLQ]_ v char ﬂeter, 3
deseription will be given of the construection

of the elemental and composite metallic civ-

cuits with reference to any external con-
ductor, whereby inductive
tained b etween the said metallic circuits and
the said external conductor and between the
said several metallie cireuits themselves., In
the figuve ay represent an external cireuit,
adjacent, however, ¢
1mity to the ¢ ompouu(l circuit ¢ and its ele-
ments A and B. In a manner well under-
stood, the two wires of the elemental circuits
A and I3 arce cach crossed with one another
or exchange places at suitable points, g0 as to
achieve 110{1’[1‘:511113 between each of . the said
metallie civeuits and the foreign cireuit ay,
the wires I.” and L.”" of A being crossed at
points 1, 2, 3, and 4, and those of circunit B
belng crossed at points 5, 7, 9, and 11.

wnd within inductive prox-

It is,

—y

neutrality is main-

however, also known that if the cireuils A

and BB be crossed. in the same manner as éach .

-other, while it is true that both are rendered

neutral with respect to the external circuit
x1, their inductive influence upon each other
remains undiminished. Care therefore must
be taken to prevent this.
dition to crossing the two wires of each of the
two circuits A and B at like points and at
regular distances, the wires of one of the cir-
cu 1tC;—m this 11151::1110(_) B—are also crossed
with one another or exchange places at infer-
mediate points, and thusinterterence between

Mo this end, in ad-

70
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the two elemental metallie circuits A and 13 1s -

prey ented. Thesame method of transposition

is employed when the four wires arve used in

forming the third eciveuit €, using the con-
ductors I and 1" as one side and 1" and
L’””” as the other, as it will be seen that the
pairs of wires are so crossed at a, b, and c
and their positions so changed relative to
each other that any extemml conductor or
circuit, as xy, is under the influence of equal
lennths of both sides of the circuit, and re-
mproenlh """ exerts its influence equallv on both
sides A B of the circuit, setting up at the
samne time induced currents of like direction
in both sides, which oppose one another and
have a nil effect on the instruments in the
sald circuit.

The cross-connecting can be done either at
intermediate stations or on the poles, or in the
case of subterranean lines at suitable test-
boxes. |

It is not alwayvg necessary that the cross-
connecting should be continued throughout
the entire lengths of the -line, but only in
those posmoncs where the induection is most
troublesome. Again, the lengths of the sec-
tions and the frequency of Lhe cross-connect-
ing need not be the same in all of the lines,
but may be changed to suit the varying con-
ditions of different systems. The system is
of course not limited to four lines, but may
be extended as desired. The invention is
particularly applicable to cables 1n which
multiple arrangements of conductors are to
be made, and where, owing to the proximity
of the conductors to each other, the effects of
induction tend to be emphasized.

The conductors may be formed into a cable
and caused to assume the positions toward
each other which have been described by di-
viding the cable inlo sections and cross-con-
necting; but the wires may be ftwisted or
grouped together 1n any well-known manner,
provided that the outgoing and return mem-
bers of all of the circuits, whether the said
members De elemental or compounfl, as herein
described, shall be so arranged that any of
the circuits composed of them in the said
group may be brought under the influence of
equal lengths of the two sides of any other
given circuit, as set forth. In this invention

the fact that multiple telephone-circuits, or
metallic circuits in which each side thereof is
composed of the outgoing and return wires of
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one or more complete metallic circuits, for the |

purpose of multiplying the number of mes-
sages which can be transmitted simultane-
ously over a given number of wires, or for the
purpose of reducing circuit-resistance, require
cqually with simple metallic circuits to be
made neutral with respect to external circuits,

is fully recognized, and a mode is devised for .
accomplishing the said neutralization, for it
is evident that by the construetion shown and
‘described fourwires are arranged so as to con-

stitute three independent circuits, in which A
is formed of the two wires I/ and L””, B of
the two wires L’”" and L/, and C of the cir-
cuits A and B, cach treated as a single con-
ductor, and that not only are A and B both
made neutral to an external conductor, xy,

by proper eross-connections of their respective

outgoing and return wires, and made neutral

to one another by intermediate crossings of |

the two wires of one of them, but the com-
pound circuit C is also made neutral to the
gaid externadl circuit by cross-connecting the
two pairs of wires A and B forming its sides.

ke

I claim as my invention—

1. In a telephone system an electrical cir-
cuit consisting of two pairs of main lines, the
lines composing each pair being transposed
at intervals, and said pairs being transposed

at intervals. -

9. An electrical cireuit or system of circuits
consisting of two pairs of main lines,the out-
ooing and return conductors of each pair be-
ing transposed at intervals, and said pairs be-
ing transposed at intervals, in combination
with electrieal instruments for producing cur-
rents in each pair and an electrical instru-
ment for producing currentsin all of thelines,
substantially as deseribed. w

In testimony whereof I have hereunto sub-
seribed my name this 22d day of January, A.
D. 1889. |

JOHN J. CARTY.

Witnesses:
Daxn. W. EDGECOMB,
CAROLINE E. DAVIDSON.
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