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To all whom 1t may concern:

Be it known that 1, STEPHEN DUDLEY
Fierp, a citizen of the United States, resid-
ng at, Stockbridge, i the county of Berk-
shire and State of Massachusetts, have 1n-
vented certain new and useful Improvementg
in Telegraph Systems, of which the following
1s a Tull, clear, and exact deseription.

My invention relates to telegraph systems,
particularly those arranged for simple Morse
signaling, i whieh the 1‘61&YS of the entire
Iime or system are arranged i a single series
circuit, which circuit may be mterrupted at
any station by ordinary keys.

In one of its aspects the present invention
consists of a magnetic inductance which 1s so
associated with the main line as to i impress a
momentary electromotive force thereon in a
direction to assist the line current at the in-
stant of its commencement. In other words,
a coll 1s provided to give assistance or 1m-
petus to the current of the line at the instant
when 1t 1s inclined to be slugeish by reason ot
the line resistance, inductance and capacity.

Iin another aspect the present invention

“consists m an inductance coil at each station

of the line separate from the usual relay and
which 1s magnetized when the relay is 1dle
and vice versa, and which has a winding
which acts to assist the current at its meep-
tion, at the mstant when the relay and the
inductance of the line are opposing the cur-
rent.

The invention further consists in the fea-
tures of construction and combination here-
inatter set.forth and claimed.

In the drawings: Figure 1 1s a diagram-
matic view showing several stations of a
Morse telegraph System having an arrange-
ment of circuits embodying the present in-
vention; Fig. 2 shows a key having a difler-
ent armnﬂ ement of circuits acdlapted to se-
cure Substa,ntmlly the same functions; Ifig. 3
i1s a view showing how one of the wmduws

with 1ts cmresponduw function may be
omitted; and Fig. 4 shows another modifica-
t101.

In order to enable the present invention to
be understood, I have shown diagrammatic-
ally a stmple Morse telegraph system having
a plurality of stations each with a relay and a
circuit opening key. The ordinary arrange-
ment 1s to have a battery at one end of the
line, which sends a current through all the re-
lays thereof, except when the cn"cmt 18 1nter-

| switch and key thereof.

station transmit signals to

In Fig. 1 the cir-
cuit is opened at station No. 11, and 1t 1s evi-
dent that the movements of the key at such
bhe line by alter-
nately completing “and opening the circuit
thereof. Now in a telegraph line of ordinary
length, say 500 miles, the resistance, mduct-
ance and capacity factors ol the line and the
relays thereof are very great, so that the open-
ng fmd closing of the key at ¢ any station, for
e\a,mple No. ;LI, are not accompanied by n-
stantaneous current flows or nterruptions
thereof. Thecurrent commencesto flow only
after an appreciable interval of time when the
circult 1s closed, and persists in its flow an ap-
preciable interval after the circuit is opened.
This defect cannot be overcome so long as
the line has resistance, inductance and ca-
pactty, which 1t necessallly always has., It
can, however, be compensated for by apply-
ing to the line an electromotive force whichis
sufficient to impress an immediate current
flow 1n the line in spite of its inductance and
capacity. In other words, if a line has a
high inductance and capauty, it will not al-
low an immediate current flow if no oreater
torce is applied than the central station bat-
tery, but no matter how high the inductance
and capacity of the inemay be 1t 1s plain that
a momentary electromotive force can be con-
ceived, which will drive a current through
the line in spite of its impedance. This 1s
the thing I aim to obtain by the present -
ven‘tmn, that 1s to say, 1 aim to secure an
electromotive force applied to the line at the
imstant when the impedance of the line 1s op-
posing the mitial flow of the current therein,
and 1 aim to provide means by which ths
suddenly applied electromotive force may be
as great as desired without limit, or limited

- only by the amount of unped&m,e of the line

which has to be overcome. I further aim to
apply this special electromotive force at the
point of the line where 1t 13 most needed, that
is to say, at the station from which the S1g-
nals emanate, and at which the ecircuit is
broken and closed.
ply an electromotive force upon the linein the
opposite direction in order to choke ofl the
current thereof, which tends to persist after
the signal has been terminated. 1 still
further aim to obtain these specially applied
clectromotive forces at any station of the
line without the use of an auxiliary battery
or current source thereat, making use of the

- rupted at any station by opemng the usual | main battery at the central station of the

1 still further aim to ap-
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i the performance of my invention.
- principle 1s that the intensity of attraction is
proportional to the square of the number of
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system for all these purposes, and utilizing |

such battery at the period when it is nor-
mally idle, that is, by the ordinary plan of
telegraph signaling.

Betfore taking up the description of the
circuits I will consider briefly one principle of
electromagnets, of which 1 take advantage

This

lines of force, and, therefore, to the current
strength. In other words, if the current
strength 1s reduced to half its wvalue, the
polar attraction of the electromagnet is cut
down to one-quarter its former strength.
Now 1n a telegraph line the relays are ener-
gized by the line current, and if the latter
does not energize them to saturation, as it
ordinarily does not, then reducing the line
current strength to one-half its value will cut
down the polar attraction of the relays to
one-quarter their strength, which is not
enough to cause them to attract their arma-
tures. This is especially true, since as will
later appear, I momentarily absolutely re-
duce the line current flow to zero before it is
allowed to resume its flow at half the normal
strength. The relay armatures are accord-
ingly thrown off during the no current inter-
val, and the feeble current which follows is
wholly insuflicient to energize them enough
to attract their armatures.

Reterence will now be had to the circuits
of a particular station of the line which are
arranged 1n accordance with my invention.

R Indicates the usual relay, and K the
usual transmitting key, which may have the
usual shunting switeh, which need not be
described. Instead of having the relay R
and the key K 1n a simiple series circuit with
one another and with the line, I make use of
a special device which furnishes the special
electromotive forces above referred to at the
opening and closing of the key. This de-
vice may be made in a great variety of forms,
and 1 do not desire to be limited or restricted
to the particular construction shown. The
device has these essential characteristics
that it has an iron core or mass of fairly
heavy construction, either in the form of a
bar or ring of horse-shoe, or any other shape,
and a winding thereon which is very highly
inductive. It may be stated that this de-
vice does not give satisfactory results, unless
the mnductance of the winding is as great or
greater than the combined inductance of all
the relays of the line together with the in-
ductance of the line itself. _

In the drawings, 1 indicates the iron core,
and 2 denotes the winding. This winding
acts to generate an electromotive force when
the key K is opened, which electromotive
force opposes the continuing flow of the line
current.

Immediately after the line current |
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a state of quiescence, the winding 2 acquires
a new and entirely different function. It
ceases suddenly to have any function in gen-
erating a counter electromotive force, and
generates only a magneto motive force to
energize the iron core 1. For the purpose of
doing this, a feeble line current is allowed to
pass during the interval when no signal is
bemg transmitted. This feeble current is
not suflicient to energize the relays for the
reason above stated, but in view of the hich
imnductance of the winding 2, it is sufficient
to energize the iron core 1 to a very high de-
oree of saturation. The winding 2 has no
effect to generate an electromotive force to
start the current flow when the key K is
closed. Ifor this purpose an entirely sepa-
rate coll 3 1s used.

The coil 3 is wound on the same core asthe
highly mductive winding 2. The direction
of the winding 3 is such that the electro-
motive force generated therein when the
magnetism of the core 1 dies out, assists the
line current. The key K is made use of to
destroy the magnetism of the core 1 at the
istant when 1t 1s depressed, and the dying-

out magnetism of the core generates an elec-

tromotive force in the coil 3, which drives a
current immediately through the entire line
i spite of 1ts inductance, resistance and
capacity. The electromotive force gen-
erated by the winding 3 depends upon its
number of turns, and the energization of the
core 1, and 1t 1s evident that if the number of
turns and the energization are high, that the
electromotive force will be correspondingly
high. In practice there is no limit to the
number ol turns which may be used, except
the resistance which they would present to
the line current, and if fairly coarse wire is
used; this may be made low enough, even
though a large number of turns in the wind-
ings 2 and 3 are used. If the winding 3 has a
great many turns of fairly coarse wire, 1t is
evident that 1t can be made to have very
high mmductance with only a moderate re-
sistance, that is to say, a resistance sullicient
to cut down the line current to half or a third
of 1ts value when transmitting a message.
With such a high inductance, the magneto
motive force acting to magnetize the core 1
becomes very great, and a very large core or
magnet may be energized. 'The larger the
magnet or core 1, and the more it is energized,
the more powerful is the electromotive force
mduced m the windings 3 when the key K is
depressed. Thus 1t will be seen that it is
casy to make the induced electromotive
force suflicient to the needs for any installa-
tion, and 1 practice the adjustment is such
as to cause an mstantaneous response of the
line relays when any key is depressed. There
1s indeed absolutely no limit to the size that
the magnet 1 may be made, except that its

has been choked off and the circuit assumes | magnetic energy must be limited by the
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electrical energy which can pass through the

line during the interval when the key K 1s
open. 1t is evident that only a certain cur-
rent, less than necessary to operate the re-
lays can be passed during this interval, and
the interval 1s, of course, only a fraction of a
second in some cases. In other words, the
magnet core 1 may be made as large as de-
sired, limited only by the fact that its ulti-
mate énergy cannot be greater than the
energy which passes with the above men-
tioned current in the above mentioned time.
I regard this feature as one of the utmost 1m-
portance, and as having an important bear-
g on my invention.

The means by which the magnetism ol the
core 1 is destroyed whenever the key K 1s
depressed, can be accomplished in different
ways, but I prefer the simple arrangement
shown in which the winding 2 is simply
shunted around the key K. By this means
the current flow therein is arrested imme-
diately upon the depression of the key, and
there 1s no magneto motive force to continue
the energization of the core 1. DBut the core
1 has attained a very high degree of magnetic
energy, and this energy is mstantly trans-
formed into electromotive force impressed
on the line through the winding 3. Thus 1t
is possible to attain an electromotive force
impressed on the line at the instant when the
circuit thereof is closed, and whieh electro-
motive force may be made as high as de-
sired, and in practice high enough to over-
come the sluggishness of the current flow.

T will now consider the way in which the
line current is instantaneously arrested.

As already stated, it is plain that the hine
current can bhe instantly arrested if a suili-
cient counter electromotive force 1s 1m-
pressed onit. Now it will be seen that when
the key K has been depressed for a second, or
appreciable interval, that the core 1 1s de-
energized, and the winding 2 1s, of course,
not carrying current. Now if the key K 1s
opened, the only path open to the current 1s
through the winding 2, and since this wincd-
ing has a very high inductance, 1t simulates
an absolute or dead break in the circuit. In
fact, it throws back an electromotive force
on the line in the manner of a choke coil, so
that for a certain period of time there 1s ab-
solutely no current flow therein. Accord-
ingly all the relays of the line lose their mag-
retism and release their armatures with great
promptness. But almost immediately after-
ward, the core 1 being fully energized, the
winding 2 ceases to impress such electromo-
tive force on the line, and the current flows
feebly through the winding and through the
line, but not with sufficient intensity to cause
the relays to attract their armatures. "The
intensity is, however, sufficient to energize
the core 1 to a very high degree of satura-

tion, as above stated, and the next depres- |

&b

sion of the key is accompanied by action of
the winding 3, as already described.

With the above arrangement of circuits 1t
will be noted that the windings 2 are cut out
of action when the keys K are depressed by
shunting these windings. But shunting

70

these windings through the keys necessarily

short circuits them, so that an extra current
is able to flow through such closed circuit.
This is disadvantageous in that 1t absorbs
the energy of the magnetized core 1, so that
not so much energy 1s available to induce a
current in the winding 3. In order to avold
this possible objection, I arrange in some
cases to have the winding 2 open circuited
rather than shunted to render it 1mactive.
For this purpose a key, constructed as shown
in Fig. 2, may be used. The key lever 5 has
a spring blade 6 thereon, but insulated irom
the body of the key. The connection from
the relay R goes to the spring 6, and the wind-
ines 2 and 3 are respectively connected to the
lever 5, and to a contact 7, in the path of the
spring 6. 8 denotes an extension on the key
lever which is adapted to withdraw the spring
6 from the contact 7, and simultaneously
complete connection therefrom to the wind-
ing 2. It is evident that the contact at 8 1s
completed exactly simultancously with the
rupture of the circuit at 7. Conversely the
circuit is completed at 7, at the instant that
it is ruptured at the point 8. . The normal
condition when the key is open is to have the
circuit completed at 8, through the body of
the key 5 and winding 2 to the line I.. Since
the winding 2 is of high resistance and 1in-
ductance, a feeble current passes through the
line highly energizing the core 1, but not en-
ergizing the relays enough to cause them to
attract their armatures. When the key is
depressed the above circuit, including the
winding 2, is broken at the point 8, and a
new circuit simultaneously completed at the
point 7. The high resistance winding 2 1s
thus cut out of the line circuit, enabling a
strong current to pass through the line, and
at the same time it is cut out of action upon
the core 1 by being open circuited altogether.
The core 1, therefore, deénergizes very rap-
idly, and an electromotive forcein the winding
3, which assists the initial current flow in the
line, is produced. This corresponds to the
result in the first described form of the in-
vention. Correspondingly when the key 5 1s
again opened, the winding 2 is thrown into
the circuit permanently reducing the current
flow by reason of its resistance, and tempo-
rarily applying a back electromotive force by
reason of its inductance, so that the line cur-
rent is almost instantly checked.

In Fig. 3 the winding 3 is altogether
omitted, but in other respects the connec-
tions are somewhat similar to those of Fig.
9. It is evident that the winding 2 has 1ts
usual function in opposing the current flow

80

89

90

100

105

110

115

120

125

130



|

10

15

2
o

30

0o
LI

<A

when the key is opened, but in this form of
the invention there is no electromotive force
applied to the line to assist the current flow
when the key is closed.

In some cases, for example, in installa-
tions having a comparatively small num-
ber of stations, it is sometimes preferable to
place the relay in shunt relation to the wind-
mg 3 of the inductance device. This ar-
rangement 1s 1illustrated in Ifig. 4 of the
drawmg. When the key K is opened, it is
evident that the winding 2 is thrown into
the lme circuit in exactly the same way as
in the preceding form of the invention. In
like manner when the key K is depressed,
the wmding 2 is short circuited, and the
core 1 deénergized so as to Impress an
clectromotive force on the windine 3. The
only difference in the action is that this
clectromotive force acts directly on the
line, except so far as it is shunted by the
relay R, instead of having to entirvely trav-
erse the relay R, as in the other forms of
the invention. By this arrangement an
additional advantage is obtained, namely,
that the winding 3 forms a magnetic shunt
for the home relay, which is well known in

the art to be a very eflicient means for sharp-’

ening up an incoming siegnal. A condenser
may be included between the winding 2 and
the usual shunting switeh, if desired.

What I claim, 1s:—

1. In a telegraph system having a plu-
rality of stations all included in the same
continuous line circuit, relays and ecircuit
opening keys at the respective stations, and
a local inductive shunt at each station and

889,592

bridged directly across the key thereat, but
not including the loecal relay, and a short-
circuiting shunt for bridging the key and
the mductive shunt when desired.

2. In a telegraph system having a plu-
rality of stations all included in the same
continuous line circuit, relays and circuit
opening. keys at the respective stations, a
local mduective shunt having an iron core
bridged directly across the key at each sta-
tion, but not including the local relay, and
an additional winding on said core included
in the line circuit both when the local key
1s opened and closed.

5. In a telegraph system having a plu-

rality of stations all included in the same
continucus lne eirveuit, relays and cireuit

openiing keys at the respective stations, a
local inductive shunt having an iron core
bridged directly across the key at each sta-
tlon but not including the local relay,
whereby said inductance is directly in the
line cireuit when the key is opened, but not
when the key is closed, an additional wind-
mg on sald cove included in the line circuit
both when the local key is opened and closed,
and a short-cireuiting shunt for brideing the
key, said inductive shunt and said addi-
tional winding when desired, but not shunt-
img the local relay.

In witness whereof, I subseribe my siena-
ture, mn the presence of two witnesses.

STEPIHEN DUDLEY FIRLD.

Wi tnesses:
Jamus CoOAKLEY,
Perer D. GincirisT.
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