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To @il whom it may concern:

Be it known that I, HENRY F. CAMPBELL,
of Concord, county of Merrimae, State of
New Hampshire, have invented an Improve-
ment in Electrical Conductors, of which the
following description, in conneetion with the
accompanying drawings, is a specification,

like letters on the drawings representing like’

parts. ,

My invention has for its object to prevent
disturbance arising from induction in electri-
cal conductors, especially in those employed
for telephonie purposes. There exist in na-
ture two classes of substances or elements dis-
tinguished by certain electrical phenomena,
and known as ‘“diamagunetic’’ and ““paramag-
netic.”” I have discovered that an effectnal
shield may be produced against the effects of
induction by the employment of these two
classes of elements in conjunction, and es-
pecially in certain proper proportions and ar-
rangements, substantially as hereinafter de-
seribed.

By a large number of experiments I have
found that a shield composed of essentially
pure paramagnetic and diamagnetic elements,
in which the former predominates, produces a
very effectual shield, the quantity of the com-
bined elements and their thickness depending
upon the strength of the induced current to
be overcome.

Iron, nickel, cobalt, manganese, platinum,
and osminm may be mentioned as the best
among the class of paramagnetic substances,
and bismuth, antimony, zine, cadmium, so-
dium, mereury, lead, silver, copper, sulphurie,
muriatie, and nitric acids, and sulphur-in its
various combinations, may be mentioned as
among the best of the diamagnetic substances,
and various methods of conjoining one or more
elements of the one class with one or more
elements of the other class will readily suggest
themselves to those familiar with chemical and
metallurgical operations.

‘When metallic substancesare chosen, one or
more from each class, they have been found to
produce excellent results when applied in any
of the following methods, namely: As a tube
or envelope of the distinetive metals, one sur-
rounding the other, and both applied as con-
tinuous, unbroken coverings upon the outside

of any usual insulating covering of the wire
or conductor to be protected ; or one or more
metals of the one class may be deposited upon
the surface of'an enveloping tube composed of
one or more metals of the other class by chemi-
cal or other process—as, for example, by elee-
troplating a diamagnetic element—such as bis-
muth, antimony, or copper—upon a paramag-
netic element—such as iron or manganese—or
a combination thereof outside of an insulating
covering, thus forming a shield or envelope.
The thickness of the shield should be propor-
tioned to the work to be ‘done, or, in other
words, to the strength of the electric currents
from which protection is desired. In some
instances the shield or envelope may be ap-
plied in the form of a paint or flux composed
of some suitable vehiele containing elements
of the two classes in the proper proportions
in a finely-divided state, or pulverized, or the
diamagnetic elements in form of powder may
be applied to a paramagnetic shield or envel-
ope; but a continuous metallie covering gen-
erally produces hetter results.

An anti-induction shield or envelope em-
bodying this invention, and one which is read-
ily available,both on account of theabundance
and cheapness of the materials and their adapt-
ability because of their mechanical properties
to the use in question, consists of sheet-iron
coated with tin or zine, or both, by the ordi-
nary process of dipping or galvanizing.

A ribbon of iron of from eighteen to twenty
gage, coated by dipping and wrapped spirally
around the insulated wire, is generally suffi-
cient for ordinary telephonic purposes; but
when several wires are to be used in a cable,
as each wire has its own covering, so that two
coverings or shields are interposed between
each two wires, a thinner shield wmay be em-
ployed.

Tigure 1shows a portion of a wire provided
with an anti-induction shield or envelope in
accordance with my invention, and Figs. 2 and
3 show each in longitudinal and cross section
modificationsin the construction of the shield.

o represents the wire; b, the usnal covering
ofinsulating material—such as cotton, rubber,
paraffine, or substances generally known and
classed as‘‘dielectrics’ or‘insulators’’ —which
should be sufficiently flexible to admit of ‘the
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conductor being wound upon ashield and bent;
and c¢:the coating or envelope composed of
paramagnetic and diamagnetic material, as
hereinbefore described. '

As shown in Fig. 1, the envelope ¢ is made
from astrip or ribbon of the proper materials—
such as iron coated or plated with tin, zine,
or copper, or any one or more diamagnetic
metals—the said ribbon being preferably con-
nected and wound spirally around -the insu-
lated wire or econductor, care being taken that
each successive turn of the spiral overlaps the

-one already laid upon the wire; so that no

space is left between the successive turns when
in position for use. A shield construeted in

‘this manner is very flexible, and a conductor
provided with it may be bent almost as easily

~..as, the. ordinary insulated conductors having
. no external metallic.covering.. :
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25.

_As shown inTig. 2, the shield consists o

continuous concentrie tubes of the distinetive
elements or substanees, this construction af-

fording somewhat less flexibility than that il-

Justrated in Fig. 1, but the protected conductor

still. being sufficiently flexible for most pur-
poses. When the shieldis in the form of a

. .continuous tube, as illustrated.in Fig. 2, and
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it is desired to bend the conductor at a sharp

angle, the shield may be made at, the corner

or.bend of a spiral ribbon, as shown in Fig. 1,

_the ends of the ribbon being soldered to the
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. of a paint.
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tubular portion of the shield at either .side of

the angle.
" Fig. 3 is intended to illustrate a shield com-
posed of the elementsin a pulverized condition

_applied to the insulating covering by means of

a suitable flux or fluid vehicle after the manner
The shield ¢ should be in electri-
cal connection with the ground, and the termi-
nals or ground connections of the said shield
should themselves be protected from the main
wire a by the anti-inductive.shield. = To effect
this the terminal wired, connecting the shield
¢ of the main wire ¢ with the ground, may it-
self be provided with a shield, ¢, of the same
nature as that, of the main wire ¢, and in order
tomoreeffectnally exclude the possibility of the
-current, passing from the terminal wire d to the

-unproteeted portion of thewire ¢ beyond the
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end, of the shield ¢, the said terminal wiremay
beturned backward along the tread of the main

. wire, as shown at 2, Fig. 1,.in which case the
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shield ¢/ may, if desired, be omitted. The wire
@ is adapted to have telephonicor other instru-
ments connected with its ends, and, if desired
to connect an instrument at an intermediate
point or. points, suitable branch wires e may be

_.connected directly with the wire a, as shown
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Jin Fig. 1, care being taken that thesaid branch
.wire is properly insulated from the shield ¢ at

the: point. where it passes through the said

.shield. . The application to the insulating me-

dium of the branch wire e of an anti-inductive
shield will be necessary.only when placed near
other wires, and is useful'in case of unusual

- electrical disturbance of the atmosphere. The

290,971

paramagnetic elements being stronger must
haverelativelyathickerbody intheshield than
the diamagnetic elements, the proportions of
the elements depending upon the materials
used—as for instance, a smaller amount of zine
is required than of tin or lead.

In practice I have obtained the best results
with paramagneticand diamagnetic substances
in proportions of about seven or eight tenths
of the former to from two tothree tenths of the
latter. Observing this the elements may be
increased to the utter extinction of sound; but
if the proper proportions havebeen reached, it
does not seem to help by adding the one ele-
ment if the corresponding inerease of the other
is omitted, and especially isthistrueif the par-
amagnetic is not increased. Thesame may be
said of many repeated experiments with vari-
ous combinations of paramagnetic and dia-
magnetic elements.

The diamagnetic and paramagnetic classes
include a large number of substances widely
-varying in their eleétrical conductivity, some
being generally classed as insulators, and oth-
ers as conductors, and I have found in myex-
periments that the best results are produced
by using a shield, the paramagnetic and dia-

.Inagnetic elements of which areboth good con-

ductors. Anelement of either class,when used
alone, as heretofore practiced, or even in con-
Jjunction with another of the same class, is in-
adequate; but when any member of one of the
two greatb classes is added to one of the other
class, the desired result is attained.

I have herein shown and described certain
combinations of elements which are not claimed
in the present application, and I desire it to
be understood that all new featuresthat are not
herein claimed will form the subject of other
applications for Letters Patent, and especially
I shall claim, broadly, in another application
a shield composed of paramagnetic material;
and I shall also claim, broadly, an insulated
conductor covered with anannealed or softand
flexible metallic strip compesed of one or more
paramagnetic substances,with or without dia-
amagnetic substances, the said. strip . being
wound closely about the said insulating mate-
rial, so as to form a complete uninterrupted
shield.

I claim—

1. An electrical conductor provided with a
covering of insulating material, and having an
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inclosing anti-inductive envelope composed of 120

paramagneticand diamagneticsubstancesupon
the said covering, the said shield having ter-
minals connected with the ground, substan-
tially as described.

.2. The combination, with an electrical con-
ductor having an anti-induetive shield or en-
velope composed of paramagneticand diamag-
netic elements, as described, of terminals re-
flexed or bent backward along the trend of the
wire, the shield thus being interposed between
the operative wire and the terminals, substan-
tially as described.
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3. The combination, with an electrical con-
ductor having a shield orenvelope, of aground-
ed terminal to the said envelope, and a simi-
lar shield or envelope ‘inclosing the said ter-
minal, substantially as described.

4. An electrical conductor having a cover-
ing of insulating material, and an anti-indune-
tive shield thereon, composed of paramagnetic
and diamagneticsubstances, thesaid conductor
with its insulating covering and shield being
flexible, substantially as described.

5. An electrical conductor and insulating
covering therefor, combined with an anti-in-
ductive shield composed of paramagnetic and
diamagnetic substances in themselves good
conductors of electricity, substantially as de-
seribed. , '

6. An insulated electrical conductor pro-
vided with an inclosing anti-inductive shield
composed of paramagnetic and diamagnetic
substances, the amount of the former being in
excess of the amount of the latter, substan-
tially as désecribed.

7. The combination, with an electrical con-
ductor having an anti-induction shield, of ter-
minals reflexed or bent back, substantially as
described.

8. An electrical conductor having a flexible
insulating covering, combined with an anti-in-
duetive shield composed of a strip or band
of paramagnetic and diamagnetic substances

wrapped spirally arcund the said insulating

covering, substantially as described.

9. An electrical conductor having a flexible
covering ofinsulating material, combined with
an anti-induction shield composed of iron coat-
ed with zine, tin, or other diamagnetic metal,
substantially as described.

In testimony whereof Thave signed my name
to this specification in the presence of two sub-
seribing witnesses.

HENRY . CAMPBELL.

Witnesses:
G. W. GREGORY,
Jos. P. LIVERMORE.
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