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ko all whom it may concern: _ |
‘Be it known that I, MosSES (. FARMER,

citizen of the United States, and a resident of’

Newport, in the county of Newport and State
of Rhode Island, have invented certain new

and useful Improvements 1 Repeaters forSub-

marine Cables, of which the following is a
specitication, reference being had to the draw-
1ngs .flc(,ompanymg and formm 2 part of the
Saine.

It 1s well known that the capacity of long
submarine cables 18 very limited in compari-
son with aerial lines of equal length. For in-
stance, in a cable, say, two 1]:10u~'sand miles or
more in length, 1t 18 impracticable to transmit

messages at a greater rate of speed than

twenty-five or thirty words per minute, and
this with the most.approved forms of the mir-
ror Instrument. With instruments of a less
sensitive character the rate is very much less.

For instance, with the Morse apparatus the.

speed of practicable transmission is limited to
two or three words per minute. In contrast
to this necessarily slow rate 1s that over aerial
lines, which may reach two hundred and fifty
words per minute over a line at least two
It has been found that
the speed of tmusmlssmu through submarine
orsimilar cables variesinve 1‘,56157 as the square
of the length of the line, so that if two words
per minute could be transmitted through a
cable two thousand miles in length, eight
words could be sent in the same time over a
cable half as long, thirty-two words over a ca-
ble one-fourth as long, and two hundred words
over acable one-tenth as-long, or two hundred

miles, the speed of transmission under such

,40

45_

50

circumstances being limited to the efficiency
of the operators or signaling apparatus rather
than by the retardation encountered.in the
line. 'Thecapacityof a cable, therefore, could
be increased by dividing it into two or more
sections and repeating the signals from one
sectlion to the other by apparatus used be-
tween the sections at the repeating-stations.

The object of my invention is to provide

practicableand efficient means for accomplish-

ing this result.
Heretofore it has not been found practicable
to employ more than one repeating-station or

repeating apparatus in submarine cables, if | nects to a switeh controlled by tlie polarized

g NN &"“"‘IO..* forming part of .ﬂ_:etters Patent ’\To 312, 831 dated Fubrualy 24, 1885

(N0 model.)

any,partly onacecount of defective construction-
of the apparatus proposed for this purpose, but
mainly on account of the impracticability, if
not impossibility, of providing for a local cur-
rent to beused at the repeating-station. This
difficulty, however,I have overcome by the em-

ployment of two wires or lines, as I shall more.
fully hereinafter describe.

The other main
difficulties hitherto met in all ordinary forms
of repeater are the necessity for constant ad-
justment and the rapid deterioration of the

Instruments due to oxidation of the points of
contact and like causes; but these-also I have
obviated by the novel construction and mode
of operation of the 111st1‘11ments Whlch I have
devised.

I will describe first 13]Je ﬂeneml nature of

the apparatus which forms the subject of my

invention, and then indicate more in detail

the particular features of novelty which dis-

tinguish the same. - 1 use a cable with two

wires or lines insulated throughout, and it
may be here stated that as the invention ap-
plies more particularly to whatare commonly

‘known as ‘‘submarine cables,’”’ the construc-

tion of which is well understood and largely a

‘matter of choice, no further description of the
One

precise consfruction of cable is given.
of the wires 1s not divided into sectlons but
forms an unbroken circuit thronﬂhout
whole length. The other wire or lme,whwh,
to distinﬁ*ui&h 16 from the first or continuous
line, 18 herein designated the ‘‘main line,”” op-
erates the signaling apparatus. These couslst
in the main, of 2 transmitber and receiver at

“each end, a relay at each repeating-station,

that makes and breaks or preferably reverses
the current 1n one of the branches of the local
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circuit, in which'is contained the primary of go

an 11:1duct1011 coil,and secondary coils, in which

1mpulses of current are induced by the pri-

maries in the continuous circuit. I also use
certain accessories for controlling the direc-
tion of signaling and for neutralizing the ef-
fects of the earth’s electricity and the like,
which will be hereinafter referred to. The
first section of the main line enters the first

repeating-station, which is a water-tight box

containing the necessamy apparatus. and con-
nected duect]y to the cable, and there con-
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armature of an e]ectro man*net in a branch of |

the continuous line. One portion of this
switch carries the main line to a magnet con-
trolling by means of a polarized armature a
circuit-reverser in the other branch of the
continuous line, from which magnet the line
goes to earth. In the branch of the continu-

~ous line with the circuit-reverser is also the

IO

- repeating-stations are like the first, and it is

primary of an induction-coil. The secondary
coil has one end grounded and the other con-
nected to the second section of the main line
through the polarized switch when the latter
18 in the position just deseribed. The other

obvious that an electrical impulse in the first
section of the main operates the circuit-re-
verser 1n the local branch of the continuous

line, and induces therebya. corresponding im-

20

rpulse in the second section of the main, and
soon.

The purpose of the polarized swmch s to
control the direction of transmission, for by

- reversing the direction of current in the COon-

_125

~earth thr_ou_gh the magnet that operates the
“clreult-reverser—in other words, the section

30

“tinuous lme the switch is shifted to its second

position, by which the first section of the main
1s taken to earth through the secondam of the
induction-coil, while the second is carried to

of main wire that previously transmitted the
impulses to the next now receives them, and

~ so for all the other sections, however many

35

- Suchuse of the condensers frees the lme from

_40
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there may be. It is deswable to use. con-
densers in the main line between the second-

ary coil and the earth, or between the other
end of the secondary and the cable, or both.

the influence of earth-currents partially or

wholly, but is not essential to the operation
of the system.

-Referring now to the dlawmn*s, by means

of whieh the invention will be understood in
detail, Figure 1 is a dlagram of the terminal

apparatusofi thelinein the condition in which

1t remains whilesignals are being transmitted
therefrom. Fig. 2 is a dlaﬂ'ram of the ter-
minal apparatus at the tlme of receiving.

Fig. 3 is a plan view of the repeating box or |

station. Fig. 4 is a diagram of the circuit
with the inactive portions omitted, showing
the mode of using the condenser.
similar diagram with fewer condensers.
Similar letters and characters-indicate cor-

| responding parts in all the figures.

In Fig. 1, which 1epresents for the time be-

* ing the transmlttmcr station, B designates the

- 60
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large battery for char ging the local line L.
By wire ¢ 16 is grounded at 1.. A switeh, S,
connects the continuous line I, with its oppo
site pole or with a shunt, ¢, around the bat-
tery to wire c.

Mdef-*.]guates the main line over which sig-

nals are sent. It is grounded at 2.through a
switch, E, and the Secondary of an 1nduct10n
coil, A. The primary of this instrument is

&, between two pivoted levers, b and ¥';

I‘lg D1s a

of Spaces.

312,831

The latter device consmts of a metal block

bv
springs b* these levers are d1awn toward
each other, with a 1:endene3;r to come 1nto con-

tact with the block «’. Bisa pivoted lever
carrying a polarized armature. To the end
of this lever is fixed an arm or plate, B/, be-

tween the two levers b and &, and of shghtly
greater width than the plate or block . Le-

ver B’ 18 held 1n a position at right angles to
plate @’ by mieans of opposing springs «’, and
when in .this position it touches both 1evers,
while they are also in contact with the plate
«'. 'The wires from the battery C connect to
lever B? and plate A’, respectively, and the
ends of the wire, 1n0111d1ngthepr1mary of coil
A, are connected to the levers b &', as shown.

The polarized armature is actuated by an elec-
tro-magnet, D, 1n a cireuit, d, contalning a sig-
naling-instrument operated by drawing a per-
forated strip or tape, d', between two contact-
points, or by any other device for producing
maizes and breaks or reversals of the circuit.
These 1mpulses of current actuate the arma-

ture B’, and send corresponding impulses

through the circuit «, for either one or the
other of the levers b b’ is brought by the move-
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ment of the armature into contact with the

plate ¢, while the parts may be so adjusted

that a direct carrent impulse will produce are-
versalin circuita by the momentum of thelever -

B*onitsbackward movement. A morepositive
movement of this lever would be produced by
a reversal of current in the magnet D. These
impulses or reversals induce cdrresponding
1impulses 1n the secondary coil of the induc-
tion-coil A, which go to line M, and are re-
ceived at the other end after being repeated
at the repeating-stations, as helemafter de-
Scubed -

Fig. 2representsthereceiving- statlon for the
time being. ‘The instruments are in every re-

spect Similar- to those at the transmitting-sta-

tion; but the battery B’ of the continuousline

is cut out by turning the switch S onto. the

shunt-wire ¢, and the transmitting apparatus

93
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is disconnected from the main line by switch

I, while by the same switech the main line is
grounded through therelay of the receiving ap-
paratus. This apparatus consists of a polar-
ized relay, ¥, the armature of which isin a
local circuit, f, and vibrates between stops i

15

oA sw1tch ¢, 1s used to connect either stop

' with the local so that dots or dashes may
be read from the chemical receiver (x, 1nstead

receiver may be used in the local 7. .
. Fig. 8 illustrates one of the repeating-sta-
tions. As above stated, I inclose the appa-
ratus in a strong water-tight box, which is
represented by the dotted line G’. The cable
1s severed at the point where 1t is desired to in-
sert arepeater and its ends joined to the box by
proper splicing. In each of the boxes or sta-
tions are two instruments, which may be desig-

m a circuit, @, containing a circuit-reverser. | nated as the ‘“director’’ and the ‘‘repeater.’’

120

Any 01d1na1y form of chemlcal |

30




312,831 3

They are both in construction similar in every
- essentlal particular to the transmitting appa-

ratus which I have already deseribed, except

that I prefer to usein place of the springsb? b*
a permanent horseshoe-magnet, H. This mag-
net 1s clamped to a suitable base,with its poles
close to the ends of the levers corresponding
to 6 b, which are bent at right angles and made

- of softiron, so thatthe effect of the magneticat-

10

s

the springs &°.

traction upon them will be the same as that of
Thewires of the cable are car-
ried intoandoutoftheboxatthetwopointsah'.
The wire L 1s branched after entering the box..
One branch, L/, passes through the coils of the

directing-magnet I, beyond which it joins the |

other branch, L”, the path of which is through

- the armature-lever N of the repeater-magnet

20

I, the plate »', and from one of levers i ¢ to

the other through the primary of aninduction-
coil, A’. The main wire M, after entering the

- box, 18 connected to the armature-lever N’ of

the director-magnet I.

25

20

“wise grounded.

vers, as w/, a wire, M’, leads to and includes
the magnet K, and isthen carried out through
the box and attached to a plate, 3, or other-
From the other lever, m, a
wire, M", is taken. It is connected with the
secondary,of the induction coil A/, and then
grounded. _ .

Supposing it be desired to transmit signals
fromn the side of therepeating-station at which
the cable enters at h, the mode of operation
and the condition of the apparatusare as fol-
lows: One poleof the battery B—say the posi-

5 tive--1s connected to the line I by the switch

.S, The battery at the other end, the positive

10

pole of which is also adapted to be connected
to line L by switch ¥, is disconnected, asshown
in ¥ig. 2. The current entering the repeat-
ing-station on this line divides, part passing

- through the coils of magnet I, and the rest

45
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peated.

through the primary of induction-coil A’. The

‘effect upon the polarized armature is to move

the lever m' away from plate o, leaving the
other lever, m, in contact with the plate. This
carries the main line M through the coils of
magnet I and grounds it at 3. An impulse
of current coming over the line sets in motion
the lever N, and reverses the current in the
local branch L” and through the primary of
1nduction - coil A'—the impulse induced in
the secondary of the coil by this means through

the grounded wire M" to the lever m, thence

through plate o, and off through the second
section of the main wire M to the next repeat-
ing-station, where the same operation is re-
1f, now, it be desired to transmit
signals in the opposite direction, the battery
B is disconnected and B’ connected with the
line L, so that a current will flow therein in
an opposite direction. The polarized arma-
ture of magnet I in this event tilts lever N’
to a position in which lever m’ is in contacst
with plate o and lever m forced away from it.
The branch M’ will operate the magnet K, as

From one of the le-

‘upon single points of contact.
‘contacts, therefore, should be multiple; forin-

shaft should be employed.

therefor.

‘ary of Induction-coil A’ 'w'ill,"howevér,' flow

through wire M”, leverm, and lever N'to line.
- Ifigs. 4 and 5 show the general arrangement

of the system and the relations of the several -

parts of the same; but for convenience the re-

ceiving apparatus at the left-hand end of the

line and the transmitting apparatus at the

other are omitted. - For the same reason one
repeating-station only is shown; but the oth-

ers, when used, are connected to the cable in

a precisely similar manner.

75

- Inorderto prevent the interference of earth-

currents, I sometimes insert a condenser in
the main line at both ends of each section, as
shown 1n Iig. 4, or at one end only, as in
Fig. 5. | | |

In order to render the system more practi-

cable certain conditions should be observed.
~Wherever in a line separable contact-points

occur, they should be of iridium or some metal
possessing like qualities, for although an act-

‘ual make and break can be avoided by the

construction and mode of operation which I

‘have set forth, there is still a liability of ex-

posed metallic surfaces becoming oxidized,
which is present to a very slight degree in the
case of iridinm. It is also inadvisable to rely

stance, 1n lieu of using a single lever, as b or
b', a number of levers with a common pivotal

With reference to specific details of con-
struction, I would state that for a better un-
derstanding of the nature of the invention I
have 1llustrated many parts by the ordinary

-conventional representations that are used
In constructing the apparatus for -

practical use, however, the relations and ad-

the least possibility of any alteration taking
place.
balanced, so that their operation will be en-
tirely unaffected by the position in which they
are held. "The i1nclosing-boxes should have

great strength combined with lightness, so as
‘to be capable of withstanding rough usage.

It 1s desirable to construct the sections of
cable that contain the repeating-boxes with
special reference to the usage to whieh they
are likely to be subjected, and to splice them
to the main sections.

80
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All separable
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justments must be fixed and permanent, and .
‘the apparatus differs from others of like na-
‘ture 1n being so constructed that there will be

The movable parts must be carefully. 110

I15

120-

With reference to certain features not spe-

cifically described herein, it may bestated that
much pertaining to them is left to the discre-
tion of practical users. Ior instance, it is
largely a matter of choice in what manner the
transmitting and receiving instruments at the
ends of the line are constructed or used, and
in what way or by what means the local line
18 supplied with the requisite current.

- The main feature of the invention consists

in repeating signals through the instrumen-

before, The currents induced in the second- | tality of "induction - coils, the primaries. of

125

130




‘which are included in an unbroken cireuit

coextensive with the signaling-line or the sec-
tions thereof, and by producing suach electri-
cal changes in each -primary coil as will in-
duce 1mpulses in the secondaries. The other

~parts of the invention consist in the means

10

for accomplishing this and in the accessory

devices that contribute to ‘rhelr proper and
successful operation.
Wh‘lt I claim 18—

. The combination,with a cable contalmnn

a contmuous line and .d, sectional mainline or

15

20

23
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wire, of one or more devices for repeating sig-
nals from one section of the main to another,
each consisting of a primary coil in the con-
tinuous line, means for reversing the direc-
tion of current through the coil connected
with and operated by one section of the main
and a secondary coil in the next succeeding
section, all substantially as set forth.

. 2. The combination, with a cable contain-
ing a continuous line and a sectional main
line or wire, of one or more devices for re-
peating signals from one section to another,
each consisting of a primary coil in the con-
tinuous line, means for reversing the direc-
tion of current through the coil included in

one section of the main, a secondary coil in

the next succeeding section, and apparatus
operated by the local for transferring the cir-
cuit-reverser and secondary coil from one sec-

- tion of the main to the other, all substauntially

as set forth. |

3. A repeater for submarine electric cables,
consisting of the following instrumentalities,
to wit: an induection-coil, means for reversing
the direction of the current through its pri-

~ mary, an electro-magnet for controllmg the

40

45

same independent of the primary coil, and an
electro-magneticswiteh ordirectorina bra-_n ch
of the primary circult for connecting the said
magnet and the secondary coil with either of

{wo circuits, respectively, all as set forth.

4. The combination, with a cable contain-
ing a continuous line and asectional main wire

or line, of one or more devices for repeating

signals{rom onesection of the main to the next,

consisting of & primary coil in a branch of the

50

continuous line, means for reversing the di-
rection of current in said branch included in
one section of the main, a scecondary coil in
the next succeeding section, and an electro-

- magnetic switch or director included in a sec-

55

ond branch of the continuous line for trans-
ferring the circuit-reverser and secondary coil
from one section of the main to the other, all

- substantially as set forth.

5. The combination, with an electrical cable

containing a cfm'tinuous line and a sectional

- Vitnesses:
JOHN C. LLANG,
WiLLIAM B. HEATHERTON.

312 831

main wire or line, of one or more devices for.

repeating signals from one section of the main
to the next, each consisting of a primary coil

60

in a branch of the continuous line, a device

for reversing-the current through said branch,
a magnet in one section of the main for con-
trollmﬂ' said device, a secondary coil in the
next succeedmg section, and an electro-mag-

‘netie switch or director for orounding the sec-

tions through the secondary and the circuit-
reverser, 1'e5peot1vely, as and for the purpose
Spemﬁed

6. The combination, with an electrical cable

contamlnﬂ* a contmuous line, and a sectional

70

main wire or line, of one or more repeaters

consisting of a primary coil in a branch of the

continuous line, a device for reversing the

current through said branch, a magnet in one

section of the main for controlling said de-

vice, a secondary coil in the next, an electro-
magnet with polarized armature in a second

branch of the local, and a switch or director

for grounding the sections through the sec-
ondary and the circuit- reverser, respectwe]y,
all as set forth.

7. The combination, with a cable confain-
ing a continuousline and a sectional main line
or wire, of one or more repeaters, consisting
of a primary coil in the continuous line, a cir-
cuit-reverser for changing the direction of the
carrent in the primary, and connected with
one section of the main, a secondary coil in-
cluded in the next succeeding section, and
condensersinserted in the sections of the main,
as and for the purpose specified. |

8. The combination, with a grounded sec-

‘tion of a main line, M a magnet, K, included

therein, and a circuit-reverser Opera,ted by the
said magnet, of a primary coilin a cireuit co-
extensive with the mailn line, the current in

which 1s sent through the primary in opposite
directions by the circuit- reverser, and a sec-

ondary coil in the next branch of the main

line M, all substantially as set forth.
9. The combination, with a cable contain-
ing a continuous line and a sectional main line,

75
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of a primary coil in the continuous line, means

for reversing the direction of current through

the coil, anelectro-magnet for controlling said
‘means included in one section of the main

line, and a secondary coil in the next section,

the sections being grounded through the mag-

net and secondary, respectively, as set forth.
Intestimony whereof I have hereuntosetmy

| hand this 23d day of July, 1884.

MOSES G. FARMER.

ITO
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