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To all whom it may concern:

Be it known that 1, DAVID HERBERT KEE-
LEY, a subject of the Queen of Great Britain,
residing in Ottawa, in the Provinee of Onta-
rio, Canada, have invented certain new and
useful Improvementsin the Operation of T'ele-
graph-Circuits, of which the following 1s &
specification.

My invention consists 1n a new arrange-
ment of signaling apparatus whereby the in-
terference from statical electricity in a c¢ircuit
is entirely eliminated.

It has long been recognized that the trans-
mission of signals in a telegraph-circuit 1s
greatly interfered with by the phenomenon
of static charge and dischargedue to the elec-
trification of the conductor, and so well have
the conditions occasioning this phenomenon
been studied that well-defined laws are laid
down in the text-books, whereby the signal-
ing capacity of any given conductor can be
mathematically determined, and it has be-
come an accepted fact that the economical
operation of a simple Morse telegraph-line 1s
limited to a certain mileage of the circuit-
wire. In duplexandothermultiplex systems
of telegraphy the practicable length of line
for efficient operation has been limited to a
very marked degree, and in the operation of
long submarine cables the speed of signal-
ing is far below the practicable rate of an or-
dinary operator’s manipulation, despite the
use of specially-designed and delicate appa-
ratus.

TLe object of my invention 18 to remove
the impediment above described, and to ren-
der the transmission of signalsbothin single
and duplex circuits on aerial or submarine
wires of the greatestlength easily practicable
at the highest rates of speed. I accomplish
this by the simple expedient of providing a

rapidly-reversing current at the receiving end
of the line, and at the sending end a double

current - transmitter. The receiving-instru-
ments are polarized. 1f the sending-key Is
depressed, a current of one polarity (say )
coestolineand charges the conductor. 1fthe
current-reverser at the distant end presents a
— current to line, that current combines with
the - current transmitted and effects the po-
larized receiver in one direction, say closes if.

| rent to line, it is opposed by the -} current

transmitted. Hence no effect is produced in
the receiver, which remains closed. Ifthekey
atthe sending-station is upraised, a— current
ooes to line. When the current-reverser at
the receiving end presents + to line, 1t com-
bines with the — transmitted and effects the
polarized receiverin the direction opposite to
that imparted before and opens it, and when
the current-reverser presents — to line it is
opposed by the — transmitted. Thereforeno
effect is produced and the receiver remains
open. Hence the distant receiver is actuated
by the distant battery under the operation ot
the sending-key.

The phrase “rapidly-reversing current”
above used does not mean and is not calcu-
lated to imply that the reversals occur more
quickly than it would be possible for the ar-
mature of the receiving-instrument to fol-
low. They are, however, sufficiently rapid
to produce -+ and — phases twice as fast
as could be produced by a Morse operator
in manipulation—that is to say, in the for-
mation of a dot on the sending-key a + and
a — current will be presented to line at
the receiving end. On investigation I have
found that the formation of a dot by the op-
erator in Morse transmissions at the rate ot
forty words per minute occupies one twenty-
fourth of a second. Irequire,therefore,forthe
operation of my invention forty -eight re-
versals of current per second to accommo-
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date the fastest operators,while for ordinary

rates of transmission lower rates of reversals
will suffice. Since, however, the rate is vari-
able, it would be inexpedient to set down any
number invariably. Hence the phrase *“rap-
idly-reversing current” is employed.
Single Morse circuits of great length have
not heretofore been practicable, for the rea-
son that in makes and Dbreaks affected by
movements of the key at thesending end the
duration of the breaks does not allow suffi-
cient time for the charge emanating from the
battery at the distant end to withdraw from

quently remains closed where makes and

breaks rapidly occur.

In duplex and other multiplex eircuits and
in submarine cables the difficulty is that in

When the current-reverser presents a -+ cur- | many such circuits heretofore the receiving-
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“the circuit. The receiving-instrument conse-
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instrument is actuated by currents emanat-
1Ing from the sending end alomne. When the
line is charged and the battery then with-

~drawn, the charge flows out at both ends to

earth at the sending end, and through the re-
ceiver to earth at the distant end. The dis-
charge-current renders the receivers slugeish
in action, and the sending-currents must be
heavy in order to be effectual in the circuits
of land-lines operated in this way. In long
cable-circuits heavy currents are inadmissi-
ble, a weak current is employed, and it is so
attenuated after coursing through the great
resistance of the conductor that receivin o-in-
struments of great sensitiveness are neces-
sarily employed. Tkese are therefore ren-
dered correspondingly sluggish by the action

- of the discharge-currents despite the appli-
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cation of special devices to accelerate their
movements, and the speed attainable in sig-
naling is consequently very low.

- Ifrom what has heretofore been set forth it

- will be seen that all of the above-explained
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defects are obviated by the device constitut-

ing the principal element of my invention.
"T'he principle and funection of my inven-

tion having now been clearly set forth, the

method of its application will be readily per-
ceived by reference to the accompanying

drawings, in which—

Figure 1 shows the plan of equipment of a
single circuit. Fig. 2 shows the same with
details of the current-reverser and receiving-
instruments. Fig. 3 shows how my invention

is applied to duplex circuits in land lines or

cables. -
In Fig. 1, at station A, R is a polarized re-

lay of auy suitable description. Ma Mb are

40

main-line batteries connected to the back
and front stops, respectively, of a sending-
key K. The batteries Ma Mb are also con-
nected to the opposite halves of a two-part
commutator C, which is rotated under the

~ brush Br, and consequently presents toit the

45

currents from Ma — and Mb - alternately.
T'he + poleof Ma and the — pole of Mb are

~connected to earth.

S1s athree-point switch, to the arm of which

- the main-line wire, through the relay R, is

connected. When the switch S is closed on
the point a, the main line is connected with
the key K, and when S is closed on the point

- ¢ the main line is connected with the brush

6o

Br. The parts at station Bare identical and
correspondingly lettered. Station A isrepre-
sented as sending to station B. The switeh

S at A isclosed on the point ¢, and the switch |

S” at B is closed on the point ¢’. At station
B the rotating commutator C’ alternately pre-
sents -+ and — currents from the batteries
Ma” Mb’ tothe main line.
are made at therateof about twenty-four per
second, or twice as fast as the rate of practi-
cable manipulation of a key in Morse trans-
mission. At station A the key & is open and
resting on its back stop, and its position pre-

These alternations

!

main line. |
through battery Ma, key K, point ¢, switeh S,
through relay R to line, thence through relay
R’ at B, switeh §’, point ¢/, wire 4’ to brush
B»” on-the commutator C’, thence by wires 5’

The circuit is traced froi'n Eat A

70

and — M&’ toearth at B’ or by wire 6’ and +

Ma’ to E’. There is therefore a — current

i traversing the line from station A. When

the commutator C’ at B presents a — current
to line, the one neutralizes the other, and no
effect is produced in the relays R R’: but
when the commutator C’ at station B presents
&  current to line the one current combines
with the other, and the combined current op-
erates to actuate the relays R R’. With the
— current from A therefore the 4 current at
B operates to actuate the relays, and — at B
has no effect. As the relays are polarized,
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the - current at B operates to actuate them

and move the lever in a certain direction—
say to their back stops b b/, as shown in the
drawings. Now, when the key K at station
A is closed and rests on its front stop the -+

current from the battery Md goes to line.

T'his obviously has the reverse effect of the
former current, and 4 current at station B is
Row neutralized, and the — current at B op-
erates to actuate the relays R R’ in the op-
posite direction and moves their levers to the
front stops f f’/. The opening and closing of
the key K at station A therefore causes the re-

05

lays to be actuated in one direction and the |

other. Consequently the movements of the
key are reproduced by the relays, and signals
are transmitted in the usual way. -

- In very long lines, or where the discharge
or return current due to the emissions of the
batteries at the receiving-stations are very
considerable, the connections of the commu-
tator with the batteries are made at a certain

‘point in each battery, so as not to include the

whole, whereas the whole of the battery in
each case is ineluded in the connections with
the key. This is shown in the drawings,

- where the whole of the battery Mo is con-

nected with the back stop of the key K, and
the commutator C is connected at a certain
point in Ma, not including the entire series.

1T'he same with respect to the connections of
the battery Mb. The object of this arrange-

ment 1s to make the current transmitted from
the sending-station paramount in the cirenit.
When this condition exists, a given inclina-
tion imparted tothe relay at the distant sta-
tlon 18 maintained despite the contrariwise
discharge-current there occurring.

In the practical application of the idea in-

volved in the arrangement of apparatus de-
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scribed in Ifig. 1 any suitable means for pro-

ducing the requisite alterations of current at

the receiving end of the circuit may be ap-

plied. Preferably the special device shown
in IFig. 2 at station B is. employed. Tt con-
sists of a pole-changing transmitter—such as

is used in duplex and quadruplex systems

PC--which is operated by the electro-magnet

sents the — current of the battery Ma to the | M, local battery I, and Morse key IX in the
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usual way when the switch S is open, and by |

the antomatic circuit-breaker C with its con-
tacts ¢ s when the switch S 1s closed.

The composition and operation of the au-
tomatic circuit-breaker C is as follows: PM
PM’ are polarized electro-magnets 80 con-
nected with the batteries X X’ that when the
lever i of PM is against the stop — 1t closes
acircuit, (X +wire 1129 PM’54 —X,) where-
by the lever i of PM’ is moved to its top —.
The latter contact closes a circuit, (X 411 10
7 PM 6 4—X,) whereby the lever /v of
PM is moved to its stop 4, and this latter
contact in turn closes a circuit, (X'+ 4 5 PM’
9 h 8—X'’,) whereby the lever 2’ of PM’ is
moved to its stop 4. This latter contact (by
the circuit X’4-4 6 PM 7 i/ 12— X") causes
the lever /1 of PM toagain return to its stop—.
The action is then again repeated and goes
on continually. The levers of PM PM’ are
therefore continually oscillated, the rapidity
of oscillation being determined bythe strength
of the batteries X X’ and the distance apart
of the rest-points of the respective levers.
An extension g, with a spring-contact s, can
therefore be provided on one of them PM’,
whereby the circuit of the pole-changer mag-
net M may be opened and closed regularly at
any desired rate of operation. At station B
in Fig. 2 an arrangement of the recelviag-
instruments is also shown, in which the relay
R is associated with an induction-coil I. "T'he
primary wire pp of the induction-coil 1s in-
cluded in the main-line circuit. Therelay R
is included in the ecircuit of the secondary
wire sc, and the friction-jaws gk, moved by
the lever [ of the pole-changer PC, operate to
close the circuit of the relay to receive the
induced current due to the introduction of a
current into the primary pp, and to open the
circuit of the relay before the withdrawal of
a current from the primary. The circuit of
the relay is traced from the secondary sc by
wire 1, jaw g or k,lever [, wire 3, relay R, wire
2 to thesecondary sc. The action of the lever
[ and jaws gk is that by friction the jaws re-
main in whichever position moved by the le-
verl. Whenl/isdrawndown,itleavesg,there-
by opening the cireuit of the relay before the
contacty of the pole-changer leaves the spring
v, which is connected to the + pole of the bat-
tery MB, and [ closes on the jaw k after the
contact  has left v and before it touches the
spring %, connected with the — pole -0of the
battery MB. When the lever [ is upraised,
the reverse action takes place. The relay R
is in consequence of this device only influa-
enced by the polarity of the currents intro-
duced into the primary wire pp of the induc-
tion-coil.
the movements of the relay on circuits where
extraordinarily rapid transmission of signals
is to be effected, in which case a single 4 or—
phase of the correspondingly-rapid reversals
of current required at the receiving end of

“the ecircuit would be too brief to affect the

relay directly.

[H] 1 TIRIR ' -
. !” H I| - n - m
v .
.I o *- &+

The object of this is fo accelerate

)

With the explanation given it will be seen
that the arrangements in Fig. 2 are substan-
tially the same as in Fig. 1. InFig. 2 station
A is represented as sending to B. The switch
S’ at A is open. The pole- changer PC’ 1s
operated by the key k’. The latter 1s open
and a — current is sent to line. The circuit
is from B’ at A by wire ¢/, contact «’, spring
v, - MB’ —, spring @/, contact y’, wire w’,
through relay R’ to line; thence through pri-
mary pp of the induction-coil I at station B
by wire w, contact v/,springv, - MB—, spring
u, contact x, wire ¢ to earth at . The switch
S at station B is closed; but the contacts gs
of the automatic circuit-breaker C are open.
Consequently the lever of the pole-changer
PC is unattracted and upraised, and the +
of the battery MB is presented to line. A
-+ current at station B therefore combines
with the — current from station A, and op-
erates to
back stops b’ b. A — current at station B
would neutralize the — from A, and the re-
lays would remain undisturbed, while, as be-
fore explained, if the key K’ at station A were
closed and a -+ current transmitted there-
from the — current at B, when presented to
line, would combine with it and operate to
put the relays on their frontstops ff’. The
position of the key at the sending-station
therefore determines the position of the le-

put the levers of the relays on their
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vers of the relays, whose actuation, however, .

is referable to the allied or opposing forces
alternately presented to line at the receiving
end of the circuits. |

Fig. 3 shows the arrangement of a duplex
on the bridge system adaptable with my im-
provement to a long land-line or submarine
cable-circuit. The current-alternator, which
may be arranged in any suitable way or ac-
cording to that specified in connection with
Fig. 2, is represented at C, station A, and 1s
included in a derived ecircuit from the main-

Jine wire.

The arrangement and operation of the du-
plex system being well known and understood,
it will only be sufficient to point out that the
existence of the derived circuit atfords two
paths for the current sent out to line. One
part goes to earth by the derived circuit and
the other part through the line-wire to earth
at the distant station. |

According te my arrangement of the appa-

ratus the resistance of the derived circuit 1s

made (by an adjustable resistance X’) com-
paratively low with reference to that of the
line-circuit. Consequently only a small por-
tion of the current emanating from the send-
ing-battery goes to line. This small current,
however, of whatever polarity, is supple-
mented by a current emanating from a similar
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derived circuit at the distant end, embracing

a current-reverser ¢/, and the combined cur-
rents operate to actuate the receiving-instru-
ments. There is no synchronism of the com-
mutators. They are wholly independent. The

| condition of the circuit (as a whole) is such

: | l!‘ll‘ F||.|I | |
i

"h!FI | 1“"!'
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that very little current from either of the | tion B the relay R will remain closed, since

commutators passes to line. Their batteries
are small compared with the signaling-bat-
teries. 'I'he current from elthel one of the

‘commutators operates to actuate the receiv-

mfr-mstmment at the same end of the line
Where it is located, and the signaling-cur-
rent, transmitted flom a dlstgmt end, aug-
ments or neutralizes its effect and eontrols the
movement of the armature of the receiving-
instrument. The signaling-battery at the
same-end of the lme as the commutator now
belng considered has no effect whatever on
the receiving-instrument at that end, because
1n the duple*{ outgoing currents have no effect
When the transmitted cur-
rent is withdrawn from the line,the latter con-
currently discharges by way of the low-re-
sistance circuits in derivation at either end.
Consequently there is no lagging effect in the
recelving-instruments, and speedy signaling
18 &eeomphshed with the greatest faelhty
T'he operation of the app&ratus and circuits
18 as follows: At station A, R is the polarized
receiving instrument or relay included in the
neutral wire of the bridge. Rs Rx are the
short-arm resistances. X 1s the balancing-
resistance made equal to the joint remstanees
beyond the point 5 of the bridge-connections.
Cn is a condenser of small capacity to com-

pensate for whatever small amount of return-
current escapes past the derived circuit (5 C.

X’ E) and passes through the relay. As ar-
ranged, it is well understood the outgoing
currents emanating from the battel y MB ha,v*
no etfect on the receiver R, while incoming
currents actuateit. The currents elna,ndtmﬂ*
from the current-reverser C in the derwed
circuit therefore flow in, as it were, from the
line and affect the relay -- 1n one direction
and — in the other. The joint resistance of
the circuits from the point 5 to earth being
very low compared to the resistance of the
main-line circuit, very little current from C
will passover the line Toproduce the proper
effect on the relay R, therefore, the cur-
rents emanating from b are not necess&rlly
very strong. Supposm o no current is to line

at the distant end, and — from C operatesto

open the rélay R, whlle —+ from C operates to
close it. If the key at the distant end is
closed and - sent to line, part of it will pass
by way of 6 C X’ to earth at E, and part

through the relay R in the same dir ection as -
the —l— from C. Therelay will therefore close,
and so long as -} continues to flow from Stclr

its presence in R will neutralize the effect. of
the — current from C, which would otherwise
operate to open it. The reverse effect takes
place when — is sent from station B. The
relay R at A is therefore actuated by the cur-
rent from C at A under the control of the
key at the distant end of the circuit. Thear-
rangements being identical at both ends of
the line, the relay R’ at B is in like manner
operated by the key at A, the line beingthus
duplexed. '

It is obvious that my improvement may be
applied to any other system of duplex teleg-

raphy in substantially the same way—viz., by

placing a current-reverser in derivation to
the main line at either end of the circuit.

Having thus described my invention, I
claim— -

1. In a telegraphic system, a pole-changing

transmitter, in combination with a rapidly

and constantly acting current-reverser at the
recelving-station for either neutralizing or
augmenting the impulses transmitted.

2. In a telegraphic system, a pole-changing
transmitter, in combination with a receiving
apparatus consisting of a polarized relay and
a rapidly and constantly acting current-re-
verser, whereby the transmitted lmpulscs are
either neutralized or augmented.

3. In a telegraphic system, a main line, in-
cluding the prin_mry of an induction-coil, a
relay, and a make and break switeh included
in the secondary of said coil, in combi-

nation with a pole-changer operating said
switch to open and close said secondary cir-
cult, and to effect its closure before the intro-
duction of a current into and its opening be-
fore the withdrawal of a current from the said
primary, whereby the movements of the relay
on long cirenits are accelerated.

4. Anautomatic circuit-breaker comprising
two polarized electro-magnets and two bat-
teries with circuits and contacts and a sepa-
rate circuit, all arranged so that the move-
ment of an armature of one magnet effects a
reversal of current in the other magnet, and
one of thearmatures being a,rlfmﬂ'ed to make
and break the said separ ate cireuit.

In witness whereof I have hereunto signed
my name in the presence of two subscrlbmﬂ

witnesses.

DAVID HERBERT KEELEY
- Witnesses:
I. N. GISBORNE,
J. S. DAURENT, J I'.
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