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To all whom 1t may concer

BELL, of the city of VVa,shmgton in the Dis-
trict of Columbia, have 11wented a new and

which improvement is fully set forth in the fol-

| lomng specification.

~ has been heletofore oveloome by me by con-
~necling a return-wire with the telephone, and

In the use of ordinary telephono hnes muoh?

difficulty has been encountered when employed
~1n the neighborhood of other lines through

which electrical currents are passing from time.

to t11ne, by reason of the mdnetlon of cur-
- This difficulty

~arranging it so ‘that it should be affeeted

| eqmlly mth the direct wire by the currents
~In the disturbing wire or wires, and the in-
- duced currents-in:theé one be thm neutralized

by those in the other telephone-wire.
: -I‘or this mventlon I ma de applloatlon for Let

Petent Ofﬁoe J une 10 1878 and 1S DOW pend |

ing. The means described for carrying the
invention into effect was to arrange the two
telephone-wires equidistant, or praetleally S0,
from the neighboring dlstnlblno* wires, and
both were connected with the telephone and
formed a metallic circuit. -
. In order to obtain this equidistance fl;o_m
the neighboring wires, the two telephone con-
duactors or wires were arranged within a much
shorter distance of each other than from the
disturbing wire or wires, or they were twisted
together. The terms equidistance from the
disturbing wires are not, however, limited in
their scope to cover those cases only in which

* the telephone - wires are close together or

twisted, or even when the two wires are prac-
tically parallel, as it is evident that they may
be far apart or diverging or converging, and
still be practically or a,bsolntely equidistant
from the disturbing wire or wires. For exam-
ple, suppose there is only one disturbing wire,
the telephone-conductors mightbe plaoed W1th

1n the magnetic¢ field, one on one side and the

otherontheopposite ot the wire, and both might

~be made to diverge and converge in a regular

or irregular way, solong as the distance of one
irom. the disturbing wire is equal, or . practi-

Be it known that I ALEKANDER GRAHAM

1

wire. Instead of placing the telephone con-

ductors on opposite sides of the (llstnlbmo

sired engle around the wire. _
ormore disturbing wires, the eqmchstence from

telephone-conductors now near one- .:Lnd now

wire, they may be placed one on top or nnder
neath, and the other at the side or at any de-

If there are two

them all might be secured by running the two

near the other, thus ecalling the disturbing
wires ¢ ¥ £ and telephone wires ¢ b. Ior a cer-
tain length @ b could be placed within a de-

termined distance of z, and then for the same

length at the same dISD&HOB of ¥, and then the

same withreference to 2, and so on; or ¢ could

ran near # while b was near y, and then their

| 'posmon could be altered.

Underthelast-named eondltlons itisevident

that @ and b would be equidistant from 2, pro-

vided # y 2 are practically parallel with ‘each

other, which is the ordinary position of tele-

graph-wires. If they are not so parallel, care

should be taken in arranging and dlsposm gthe

telephone-wires that one does not happen to be

nearer to any particular wire for an apprecia-
ble portion of its length than is the other.

It the telephone-wires are so disposed rela-
tively to the disturbing wires that the effects
of induction are the same, or practically the
same, on both, so that the induced currents
nentmhze EdCll other, the object of the inven-
tion is accomplished. Illustrations, itis obvi-
ous; thelefow, might be 1nnlt1pl1e(l but it
seems unnecessary here to further specify
them.

In. my before-mentioned application, as I
have already stated, the telephone-circuit is
described as metallic. It has, however, sug-
gested ifself to me, and I have found it to be
S0, that in certain cases special advantages
may be derived from the use of telephonic con-
ductors constructed in accordance with the
principle of my said invention in connection
with grounded circuits.

,The use of a return-wire arranged relatively
to the disturbing wire or wires, so as to neu-
tralize the. efteets of induction in the direct
telephone-wire, in connection with a grounded

.clrculf or circuits, constitutes my present in-

J

vention.
The following deseuptlon will enable those

- cally equal, to that of the other telephone- | skilled in the art to which it appertains to
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make and use my said invention, reference be-
ing had to the accompanying drawings, which |
form a part of this specitication, and in which
the several figzures represent dispositions of

the telephone-wires in accordance therewith. |

A represents the direct telephone-wires ; B,
the return-wires, and C disturbing wires, and |
D, Figure 1, the central office of a district or
similar telephone system.

- In Fig.1 are shown three telephone-lines

leaving the central oftice ). Two of these
lines, being in the neighborhood of disturbing
wires C, are provided with return-wires B,
which are connected with the direct wires at
the end of the line at all times, and at inter-
mediate stations when the operators are using
their telephones. The third line, as it is not |
~ near any disturbing wire, may be of the ordi-
nary grounded class. The return-wires are
grounded, and the central office is also pro-
vided with a ground-connection. The wires
A are connected with switches, so that they
may be connected with the ground or with
each other. TFor this purpose a switch-board
of ordinary or any suitable construction, such
as now in use, may be emploved. No diffi-
culty will be, therefore, experienced in con-
necting either of the two line-wires with re-
turn-wires, with theother,or with the ordinary
line.

It is evident that it would be impossible to
connect a metallic circuit-line with an ordinary
- grounded circuit without first making of 1t a
grounded circuit.

In Fig. 2 is illustrated a disposition of a |
grounded telephone-circuit with return-wire
which can be advantageously employed when
the disturbing-wires accompany the telephone-
line part of the way only. The return-wireis
ogrounded at the point where the telephone-wire |
leaves the disturbing wires, and it may be
formed of two portions, which are connected
with opposite ends of the direct wire, as indi-
cated on the drawings. It need hardly be said
- that it is not practicable to use a wire for neu-
tralizing induced currents which is grounded
at both ends and is unconnected with the di-
rect wire.

In Fig. 3is represented a disposition where-
by the return-wire may extend only part of l
the distance through which the telephone and
disturbing wires are in the neighborhood of |
each other, whether this be all or a portion
only of the length of the telephone-line.

The return-wire, although it is for a less dis- |
tance under the inductive influence of the |
neighboring wires, is aftected equally with the
direct wire on account of its greater proxim-
ity. The laws governing the inductive influ-
ence of currents are well known, and the
length of the return-wire and the nearness ot
it to the disturbing wires may be readily de- |
termined, the length of the direct wire and its
distance from the disturbing wires being given.

In order to equalize the effect on the return-
wire when two or more disturbing wires are
in the neighborhood, it is carried first near

+
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one and then close to another, so that the ef-
fect upon it of each wire separately will be
practically the same as of that wire upon the
direct telephone-wire.

Instead of having the return-wire straight,
it might be coiled around the disturbing wires
for a portion of their length; but this would
increase the resistance of the telephone cir-
cuit.

It is evident in using the disposition shown

in Fig. 3 that the grounding of the telephone

or the disturbing wires at intermediate points,

‘or the connection of the direct telephone-wire

with the return-wire, would disturb the bal-
ance unless additional wire coils or other de-
vices were connected in circuit at the time of
grounding or of making the other connection,
whereas in the dispositions shown in Figs. 1
and 2 the direct telephone-line might be con-
nected with the return-wire at any point, or
grounded in those portions of the line where
there is no return-wire; or the disturbing wires
might be grounded at any point, and the in-
ductive effects of currents in the disturbing
wires would still be avoided. o

In Figs.1 and 2 the two telephone-wires are
shown as twisted, so that they are practically
equidistant from the disturbing- wires. In-
stead of twisting them, other dispositions to
maintain them at a practically equal dis-
tance might be employed, as indicated in my
former application, to which I have before

referred ; or the two wires may be separated

from cach other a considerable distance, and
run now near one and now near another, so
long as the effect of the induction of currents
passing through each and every disturbing
wire are practically the same on both of the
telephone-wires.

In certain cases it may be praecticable and
desirable to employ a single return-wire for
several telephone-lines, the said wire being so
arranged that the inductive effects of the dis-
turbing wires will equal the aggregate influ-
ence in the several direct wires.

When the telephone-lines are of different
length they should be grounded, and the com-
mon return-wire should also be grounded, at
the end.

Having thus fully deseribed my said inven-
tion, and the manner in which the same is or
may be carried into effect, what I claim, and
desire to secure by Letters Patent, is—

1. The method herein deseribed of construct-
ing grounded telephone-circuits, in which the
disturbing effects of indonction by currents in
a neighboring wire or wires are prevented by
means of a return-wire, by arranging the di.
rect and return felephone - wires relatively
to the disturbing wire or wires as indicated,
so that they shall be equally affected by the
induectiveinfluence of currents passing through
the neighboring wire or wires, and connecting
said direct and return telephone-wires with
each other and with the ground, substantially
as set forth.

2. A telephone-circuit provided with a re-
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turn-wire arranged in the neighborhood of a | In testimony whereof I have signed this

disturbing wire or wires, as described, so that | specification in the presence of two subserib-
the direct and return telephone-wires shall be | ing witnesses. |

equally affected by currents passing through

the disturbing wire or wires, the said tele- ALEXANDER GRAHAM BELL.
phone-wires being connected with each other| Witnesses:
and with the ground, substantially as set - H. G. OLMSTED,

forth. W. P. PREBLE, Jr.
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