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- To all whom it nuey concerin -

" Be it known that I, SILVANUS PHILLIPS

THOMPSON, doctor of science, a subject of the

‘nal, high-speed instruments, harmonic tele-
graphs, and teélephones not being capable of 5o
Deing used on long cables or on very long

Queen of Great Britain, residing at Morland, | lines. My invention will extend the facllity

Chislett Road, West Hampstead; London, in

‘the county of Middlesex, England, have in-
vented certain new and useful Improyements |

- in Electric Cables, (for which I have obtained

10 -

patents in Great. Britain, - No. 22,304, dated

December 21,1891, and No, 13,064, dated July |

. 4, 1893; in France, No. 222,460, dated June
20,1892, and No. 234,763, dated December 13,
©1893; in Germany, No. 86,013, dated October

of signaling by rendering lines and cables

E available for instruments for which they are

not now available. It will also increase the 5%
facility of signaling through cables by'en-
abling signalifig to be carried on without such
expensive arrangenients forsecuring balance,
known as ““artificial eables,” as at present

used at the shore ends. - : 60

" It is known that the presence in cables and

28,1892 in Spain, No. 13,890, dated Septem- | lines of electrostatic capacity liinits the rate

ber 4, 1893, and No. 15,306, dated April 10, | of signaling and the distance of signaling, as

1894 ; -in India,; No. 320, dated April 25, 1593,
- and No: 18, dated August 17, 1804; in Brazil,
- No. 1,686, dated February 7, 1894; in Ceylon, |

No. 443, dated August 22, 1894, and in Straits

:-ég

Settlements, dated December 14, 1895,) of

 which the following is a specification.

My invention pertains to eleetric signaling

for telegraphic, telephonig, or other purposes.

through long lines or cables, and has for its

-

“such signaling ean be carried on and to in-

erease the rapidity and faeility of signaling.

- By*‘signaling” I mean the communicating
~ of any sort of signals, whether spoken words,

> asin telephonicsignaling,or iummingsounds, | C _ .
 asinharmonictelegraphs, orrapidly-reversed electrostatic capacity. Such electrostatic ca-

~ impulses like those used in rapid automatic
 telegraphy, orv dot-and-dash signals due to.in-

- 35

- there is a practical limit to the distance 1o
~ which signaling is possible with existing in-

40

terruptions or reversals of current, or defle¢-
tions of a needle toright and left, or motions

 of asiphon recorder or of the tongue of a relay.

i
{

well ag limits the kinds of signals that can
‘be sent to a given distance. IFor example, 63
‘the capacity of an Atlantie cable, which is
abont one-third microfarad per nautical mile,
retards telegraphic signals so much that only
‘a few words per minute can be transmitted.
"'he distance to which rapid automatic sig- 70
nals ean be sent through cables of this type

is but a few score miles. Through verylong

‘chief objects to extend the distance to which eables of existing types telephones, harmonic

telegraphs, and rapid automatic instruments
caniot be used at all, .

* Itis known thatthe causeof the limitations
‘mentioned above as found with cables and
long lines of existing type is the presence of

pacity is in general not located at any one 8o
point,butis distributed more orlessuniformly
along the line or circuit. Now by myinven- -
tion 1 counterbalance the effects of this dis-

L

tributed capacity by applying distributed

‘As lines and cables are now constructed | electromagnetic induetion. Electromagnetic 8,

strumentg. . My invention will increase this

© distance. There is also for a line or cable of
o gwen-lengj;h_as at present constructed a limit
_to the rapidity at-which signals can be sent
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by instruments of a given type. My inven-

tion will increase this rapidity of signaling.
There i8, morcover, for a line or cable of given
length as at present constructed a limit to the

kind of instrument that can be used to sig-

“induction is the action which the rise or fall
of the current in any part of the circull pro-
‘duces on the same or any other part of the
cireuit by virtue of the fact that every vary-

| ing current produces around it a varying go

magnetic field. - When the current is vary-
ing in a wire or coil, the varying magnetbic
field around it induces elecromotive forces in

‘neighboring eonductors or coils or in other
convolutions of the same wire or coil.. By 95 -
| proper . dispositions, as hereinafter further
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. described, such electl.omaﬂnetlc induction, if | and. secondar y, each ap&rt from the other,
------ | . suitably dlstributed alonﬂ' the. cable or llne, | one inside, the other outside, or one atone =
- may-be utilized to dummsh or eéven to neu- | end of the core, the: other at the -other, but 7c¢ =
- tralize for all effective purposes,.the retard- | are Waund between one another so as to lie
5 1ing and limiting effects of electrostatic ca- | ly as
S .paut ’. Under thé most favorable disposi- |
.. .tions the whole of the electrostatic capacity |-

R is counterbalanced, and then the retarding | ductors are used the a,etual mutual mductmn |
| between adjacent parallel portions of the two =

~ and hmltmﬂ' eﬁ'ects will be . neutrahzed

can ‘take plaee over short lengths of- Cll‘@lllté
instead of having to flow in and out from the |
- .énds up to the: plaees whnre the ehm-ge h&s; :

SRR RS RN 10 Where the. condmons or arrangements. are | conductors or lines (going and return wires)
. less favorable, a partonly of the electmstatlc { within the eable may be sufficiently utilized B
---------------- . capacity will be counterbalanced, and in | without msertmg specific double induection- . -
.t ... suchcases theretarding and hmwmg effects,”| coils, for it is well known that there is mutual 8o -
. 'though 11013 entu:'ely neutmhzed wﬂl be ch—ﬁ 1 induection of the electromagnetic kind even
________ 15 minished. - | between two parallel straight conductorsly- =~
S R . Nowmy pre&ent mventmn eonsmtsm dwld-ﬂ { ing near to one another. Thismutual indue-
. ingorvirtually dividing the entire distance | tion can be increased by adding outside a
B o jthrough which the: swnals have to be sent | wrapping of laminated iron wires ‘wound over dg .
.+ .- .+ .. -.into a series of -shorter- circuits connected | the insulating sheatbhing of gutta-percha or =~ '
e RN 20 with each other by the aid of double indue- | similar materml 1t may also be increased
S . tion-coilg or other devices for producing mu- | hy constructing the cable so' that the two .
..o tualinduetion betweenthe parts, so that each | wires or eonductors spiral round one another, SRR
o eireunlt inturn induces: acurrent in the next. | either continuously or at intervals, a dlstrlb- go
T - "T'he essence of the sectioning of the cable is'| uted muntual induetion being thereby at-
SRR 25 that, since retardation results from there be- | tained, but in all cases there should be in the
B NS mfr'a,ca.paeltydlstnbuted alongagrestlength, | demgmng of a cable for any given service =
. .. one should so modify the system that move-| such proportionmﬂ' of mutual induetion to -
S TS N ~ ments of eleetrmxty to eﬁ'eet the eharges and capaelty and reswtance as to fulﬁl for' the g5
30
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e the two lmes of the conductors mthm the ca- | outer' eonnected by double mductmn cmls
. Dble they shall preferably have a felatively | withthe sheath or earth. In Fig. 4 theinner = =
high resistance and a high time constant. | and outer conductors are connectedmth each
These coils should have each such dimensions | other and also with the earth by double induc-
and be made with such a number of turns of | tion-coils; Fig. 5, two lines wound round each
wire of such a gage wound around a well- | other or a core at intervals to form double 110
laminated iron core of such shape and length | induction - coils; Fig. 6, two lines forming
that the-time constant (or interyal of time | double mduetlon coils at intervals and one of
thatis needful for the current in the said coil.| them cut into sections joined by condensers;
to rise to 0.634 of its final value) shall be not | Fig. 7, two conductors, one of them contin-
much lessthan and shall be preferably greater | uous, the other cus into sections, the ends of 113
than one one-hundredth second, while the re- | which overlap sufficiently to produce an in-
sistance of the said coil shall be at least as | duced current. Fig. 8 isa cable where three
great as or greater than that of the ten or | conductors are connected by double induc-
twenty mile section of the cable, and shall, tion-coils; Fig. 9,vwhere two lines are. ;101ned
indeed, in the case of long cables, be with ad- by double 111(11101;1011-00113 and a third line is 120
v anta,ge as great as or greater than the resist- | . coiled in: double mductlon manner round
ance of the entire length of the conductor. | cores placed in each circuit; Fig. 10, where
I may produce a dlstmbutwe mutual indue- | four lines are connected in szmﬂal manner
tion between the.separate sections of a cable | to plans already deseribed in the case of three
'in various other ways. wires.: 125
In cases where double induection- cmls 1o In the drawings, A-A are conductors; B,
arranged in the two lines or conductors, (in- | sheath or earth; C, double induction-coils.
- stead 01‘ across them,)as in Figure 5, her einaf- | I declare that what I claim 1 is—
ter described, the cmls though th ey shouldin|{ 1. Theherein-described method of counter-
general have time constants and cores, as be- | balancing the effect of distributed eleetro- 136

fore, must be of resistance lowe: than that of
the rest of the circuit, and their windings
‘may with advantage be interwound, that is
to say, not separated into two coils, prlmary

static capacity in long lines of metallic re-

turn-circuits in which ; the conductors are Sep-.

arately insulated throughout, which consists
in dividing the cirenit mto a8 series of suc-
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cessive Separately-msulated mﬁtalhc return- :

" ecireuits in each of which a movement of. elec-

A4S

trmlty takes place and connecting these eir--

cuifs by mutual induction.

2. A cable comprising. & metalhc 1etum-_

line formed into a series of comparatively
short independent and completely-insulated

circuits each of substantially the samelength |
.or capacity and connected by mutual indue-
tion 2o0ils, or devices, the whole being inclosed
‘within a c@mmon sheafrh substantm‘lly as de-

seribed.

3. The combination masubmm ine electr 1(3. '

 cable of one or more short ‘seetions interme-

15

diate its ends, said section or sections each

consisting of two conductors both separately |
insulated and inelosed within one common | vices applied dlstmbntwely to said conduc-

- sheath, the said intermediate section or sec-

30
nal conductors, cach ef wwhich is divided into
sactions CGHStIthIH“‘ thereby a large number

tions bemn' connected by means of mutual in-]

duection denceb with the portions of cable Iyﬂ-

ing beyond in both directions.
4, An electric cable consisting of two in-
sulated conductors inclosed side by

said conductors being continnous from end
to end, and the c:cther-being actually divided,

the two divided parts belng arranged in in-

<luetive relation and their ends canneeted to
the undnuded conductor.
. A cable consisting of two or more mter

of successive clrcmts airanged in inductive

relation each to the next and each inducing ]
into the next in successlon, the lines of con-

side
" swithin a common external sheath, one of the

]

-

uous conduetor by double induction -coils,
eachhaving a high time constant, and having
small well—lammated iron cores.

6. A cable consisting of two mternal con-
ductors separately msulated and inclosed
within .a common external sheath acting with

duttors being connected across to a contin-

40

a distributive mutual induction between their:

| own parallel portions, eitrer of the said in-

ternal conductors being divided, actually o

virtually, into sections in each of which a mo-

twn of electricity is possible.
. In a cable consisting of two contin HoUuS
metalhc conductors, means for virtually di-

viding said conductois into connected sec-

tions, said means comprising induction de-

tors at intervals.
- 8. A twin-wire cable comprising an outgo-

jng and a return.line, both separately insu-

- lated and inclosed wi thin one common sheath,
the said cable being formed into a series of
comparatively shortindependent completely-
insulated circuits each of substantially the-

mutual induction colls or devices, substan-
tlally as described.

In testimony whereof 1 have signed my
name to this specification in the preﬂence of

two subseribing witnesses.
SILVANUS PHILLIPS THOMPSON..

‘Witnesses:
T. ¥. BARNES,
WALTER J. SKERTEN,
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| same length or capacity, 4nd connected by 6o
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