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UNITED STATES

PATENT OFFICE.

WILLOUGHBY STATHAM SMITH AND WILLIAM PUDDICOMBE GRANVILLE

h

OF LONDON, ENGLAND. '

ELECTRIC CABLE.

SPECIFICATION forming part of Letters Patent No. 597,790, dated January 25, 1898.
Application filed November 1, 1897, Serial No, 667,073, (Womodel) Patented in England April 30, 1895, No. 8,573,

To all whom it may concerr.:

-Be it known that we, WILLOUGHBY STAT-
HAM SMITH, telegraphic engineer, residing at
18 Courtfield Road, South Kensington, and
WILLIAM PUDDICOMBE GRANVILLE, electri-
cian, residing at 36 Oakfield Road, Stroud
Green, London, in the county of Middlesex,
England, subjects of the Queéen of Great Brit-
ain, have invented certain new and useful
Electric Cables, (for which we have obtained
Letters Patent in Great Britain, No. 8,573,
dated April 80, 1893,) of which the following
is a specification.

This invention relates to the manufacture
of hollow cables. :

Figures 2, 4,.6, 7, and 8 are enlarged lon-
gitudinal sections of cables made according
to this invention. Figs. 1, 3, and 5are trans-
verse sections of the ecables shown in Figs. 2,
4, and 6. TFig. 9isaside elevation, and Figs.
10,11,12, and 13 transverse sections on the
line 10 10, 1111, 12 12, and 13 13, of a modifi-
cation of the cable shown in Fig. 1.

Inasmuch as the specific inductive capacity
of air is considerably less than that of any
known insulating material it is for many pur-
poses of great advantage to construet an elec-
tri¢ cable with an air space or spaces along
its interior, especially when currents of rapid
variation are used, since the speed of varia-
tion of the current is effected largely by the
capacity. Several methods have before been
used for forming cables with such interior
air-spaces, all having more or less attendant
disadvantages.

According to this invention we construct
an electric cable of gutta-percha or like insu-
lating material with a centrallongitudinal air-
space and with two or more wires embedded
at distances apart in the gutta-percha near
to the inner surface of such tubular cable.
We do this by forming two or more crescent-
shaped strips b of gutta-percha, each having
embedded within it near to its concave orin-
ner side one or more conducting-wires a. Af-
terward we bring together the crescents b, so
that they together form a tube, and around
the exterior of this tube we form an outer
tube cof gutta-percha orlike material by an
ordinary covering-machine, the crescent-
shaped pieces b being sufficiently strongto re-

tain their form while this outer covering ¢ of
gutta-percha is being put around them.

In order to obtain as large an air-space as
practicable and yet keep the crescent-shaped
strips b of sufficient strength to allow of an
outer tubular covering ¢ of gutta-percha be-
ing formed around them afterthey have been
brought together, we in some cases, as shown
in Fig. 1, make each strip thicker along the
middle than at its side edges, and if a single
wire ¢ onlyis embedded in each stripit isem-
bedded in this thicker portion near its inner
concave surface, and the gutta-percha where
it surroundsthe wire may bulge inward some-
what into the air-space, so that the cross-sec-
tion of the interior of the tubular cable be-
comessomewhat of anoval form, witha slight
inward projection along the center of each of
its flatter sides.

If desired, more than two'segments b may
be used, as shown in Fig. 5, more especially
if there are to be more than two wires o in
the cable. :

When the cable contains, say, two wires «
only, it will be less flexible in the plaze in

which the wires lie than in a plane at right

angles thereto. In cases where this is likely
to be prejudicial we make each of the strips
or segments b in the form of a helical coil in
place of straight. This we do by twisting the
strips b as they ave brought together and be-
fore the outer covering is put on, as shown in
Figs. 10 to 13. The same applies to cables
in which three or more wires are used. Ifis
also well known that the possible speed of
transmission is increased by having one or
more leaks connecting the two parts of the
circuit. For the purpose of producing an
artificial leak or leaks we in some cases take
advantage of the longitudinal air-space,using
it as a convenient receptacle for inclosing
the leak-producing apparatus, which leak ap-
paratus may consist of a length of fine wire
or ribbon f, either straight or coiled, and if
coiled either with or without an iron axis and
and having the necessary electrical resist-
ance, one end of the leakage wire or ribbon

being connected to one wire ¢ of the circuit

and the other end to the other wire ¢ of the
cireuit; or for the same purpose we coat the
outside of the insulation of each conductor
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with some bad conductor g, Fig. 7, such as
plumbago, and also make holes jin it, ex-
posing the conduetors o alternately at points
some distance apart.

The number and dimensions of the leakage
resistances inserted in the air-space conduit
may, even for cables of one and the same
length and conductor resistance, vary within
large limits, it being well understood that,
although the definition of the signals is im-
proved by increasing the number of distrib-
uted leaks, the signals are diminished in am-
plitude. 'The possible number of distributed
leaks will depend, therefore, not only upon
the resistance and electrostatic capacity of
the cable, but alse upon the sensitiveness of
the receiving instrumentintended to be used.

In the case of an air-space cable having two
conductors used as a metallic circuit without
“earth” then, if we suppose the cable to be
two thousand nautical miles in length, hav-
ing a total resistance for the whole circuit of
eight thousand ohms, we may insert at equal
distances in and along the air-space conduit
two hundred leakage wires or ribbons, or
leakage connections by plumbago or the like
with or without stops between each leakage
connection, the resistance of each leakage-
circuit being, say, two hundred and fifty
thousand ohms.

If the cable, instead of having only one pair
of conductors, has two or more pairs, each
pair being used as a metallic loop, then each
pair of conductors is provided with its own
separate and distinet series of leakage resist-
ances, it being eonvenient to insert the lealk-
age resistance of each pair in rotation in and
along the air-space conduit.

In the case of a cable having more than one
circuit stops h, Fig. 7, are placed between the
bared points in dlffel entcircuits,and thismay
be done in all cases.

When cables having air-spaces are em-
ployed in deep water, the pressure is apt to
collapse the air-space, and to prevent this we
surround the tube with one or more metallic
ribbons ¢, or we fill the air-space with wax,
gum, resin, or other liquid or solid material
k, Fig. 8, of low specific inductive capacity.
‘When the material has a low melting-point,
as is preferred, this may be done by liquefy-
ing the material and pumping it into the ca-
ble while the latter is in a warm chamber.
Magnetic substances may also be mixed with
the materials.

It is well known that many liquid or semi-
liquid substances—such as Stockholm tar,

carbolic acid, and alcohol—have the property
of decreasmo theelectrical resistance of gutta-
percha, and we therefore in some cases use
them for filling the space or interstices, as
above described.

It is found that gutta-percha and like ma-
terial attract or exude moisture, forming a
more or less conductive surfaee, and in or-
der to render the low inductive capacity of
air-space cables more permanent we coat the
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surface of the insulation of the conduetor in
the air-space with insulating and non-hygro-
scopie varnish or wax ¢, and where a badly-
conducting coating is used this varnish is
preferably applied over it. In Fig. 7 these
two coatings are shown as one and are
marked g.

What we claim is—

1. An electric cable of insulating material
formed with a central longitudinal air-space
and with two or more wires embedded at dis-
tances apart in the insulating material near
the inner circumference. .

2. An electric cable composed. of a tubular
case inclosing a eylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment.

An electric cable composed of a tubular
case inclosing a cylinder which is built up of
two or more segments and has alongitudinal
central hollow air-space and also has one or
more wires embedded in each segment such
segments being twisted as they are brought
together and before the outer covering is
formed around them.

4. An electric cable of insulating material
formed with a central longitudinal air-space
and with two or more wires embedded at dis-
tances apart in the insulating material near
the inner circumference the wires forming a
circuit being connected together by condue-
tors of high resistance.

5. An electric cable composed of a tunbular
case inclosing a cylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment the
wires forming a circuit being connected to-
gether by conductors of high resistance.

6. An électric cable composed of a tubular
case inclosing a eylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment such
segments being twisted as they are brought
together and before the outer covering is
formed around them, the wires forming a eir-
cuit being connected together by econductors
of high resistance. .

7. An electric cable of insulating material
formed with a central longitudinal air-space
and with two or more wires embedded at dis-
tances apart in the insulating material near
the inner circumference the insulation of thé
wires in the air-space being covered with a
non-hygroscopic and non-conducting coating.

8. 'An electric cable composed of a tubular
c¢ase inclosing a cylinder which is built up of
two or more segments and has a longitudinal
¢entral hollow air-space and also has one or
more wires embedded in each segment, the
insulation of the wires in the air-space being
covered with a non-hygroscopic and non-con-
dueting coating.

9. An electric cable com posed of a tubular
case inclosing & cylinder which is built up of
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two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment such
segments being twisted as they are brought
together and before the outer covering is
formed around them the insulation of the
wires in the air-space being covered with a
non-hygroscopic and non-cond ucting coating.

10. An electric cable of insulating material
formed with a central longitudinal air-space
and with two or more wires embedded at dis-
tances apart in the insulating material near
the inner eircumference, the insulation of the
wires in the air-space being covered with a
conducting material of high resistance con-
nected with the wires such -covering being
coated with non-hygrosecopic and non-con.
ducting material.

11. Anelectric cable composed of a tubular
case inclosing a eylinder which is built up of
two or more segments and hasa longitudinal
central hollow air-space and also has one or
more wires embedded in each segment, the
insulation of the wires in the air-space being
covered with a conducting material of high
resistance connected with the wires such cov-
ering being coated with non-hygroscopic and
non-conducting material, _

12. An electric cable composed of a tubular
case inclosing a cylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment such
segments being twisted as they are brought
together and before the outer covering is
formed around them, the insulation of the
wires in the air-space being covered with a
conducting material of high resistance con-

-nected with the wires such covering being

coated with non-hygroscopic and non-con.
dueting material.

13. An electric cable of insulating material
formed with a central longitudinal air-space
and with two or more wires embedded af dis-
tances apart in the insulating material near
the inner circumference, the insulating ma-

terial having around it a helically-wound me-
tallie ribbon.

14, An electric eable composed of a tubular
case inclosing a cylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment the
tubular case containing a helically - wound
metallic ribbon.

15. An electric cable composed of a tubular
case inclosing a cylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment such
segments being twisted as they are brought
together and before the outer covering is
formed around them the tubular case con-
taining a helically-wound metallic ribbon.

16. An electric cable of insulating material
formed with a central longitudinal air-space
and with two or more wires embedded at dis-
tances apart in the insulating material near
the inner circumference the air-space being
afterward filled with a solid or liquid.

17. An electric cable composed of a tubular
case inclosing a cylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment the
air-space being afterward filled with a solid
or liquid.

18. An electric cable composed of a tubular
case inclosing a cylinder which is built up of
two or more segments and has a longitudinal
central hollow air-space and also has one or
more wires embedded in each segment such
segments being twisted as they are brought
together and before the outer covering is
formed around them the air-space being af-
terward filled with a solid or liguid.

WILLOUGHBY STATHAM SMITIL
WILLIAM PUDDICOMBE GRANVILLE.

Witnesses:

ROBERT B. RANSFORD,
FrED. C. HARRIS,
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