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To all whom it may concern :

Be 1t known that I, JosErH E. FENN, of

KElizabeth, in the county of Union and State
of New Jersey, have invented certain new and
usetul Improvements in Duplex Telegraphs,
of which the following is a specification.

In transmitting twosets of signals simultane-
ously 1n opposite directions over a single tele-
graph-wire by means of a carrent which is di-
vided at the home station-between the main line
and an artificial line of equal or proportionalre-
sistance muchinterference and confusion arises
from the false signals which areproduced upon
the home instrument by the return discharges
of static or induced electricity from the line-
wire af the instant the home key is connected
with the earth, especially when the lineis well
msulated and of considerable length. The
cifect of these return discharges upon the re-
lay Iras been eliminated in several ways, one
of which consists in connecting a condenser
with the artificial line, so that a return dis-
charge therefrom passes through the opposing
or nentlalmnﬂ coll of the home instrument,
and thus counteracts the effectof the ﬂISCh"ll"ﬂB
from the line. Another method consists in
the use of an electro-magnetic coil surround-
ing a bar of iron and placed in a shunt around
the opposing coil of the home instrument, the
effect of which is to set up a current in the
same direction at the instant the outgoing car-
rent ceases to flow, which tends to counteract
the action of the refurn current upon the di-
rect coll of the instrument. Thisarrangement
1s much easier to construct, and is less expen-
sive and less liable to get out of order than the
condenser; but as heretofore constructed and
applied 1t 18 not so easily regulated nor so
effictent in action as the-condenser, especially
upon very long lines.

I have discovered that by placing the mag-
netic coil or coils which inclose the iron di-
rectly in the cireuit of the main line, instead
of in the artificial line orin a shuntconnected
therewith, as has hitherto been the usual prac
tice, 1ts action 1s far more efficient than has
latherto been the case, while by means of
improvements 1 the construction of the same
the force and duration of the induced current
therefrom may be controlled mth oreat fa-
cllity.

in the accompanying drawings, FFigure 1is
a drawing of an 01*(111111*5 differential duplex

appfu"ttns to which my improvement has been
applied, and Ifig. 2 illustrates certain details g
ot construction which form a part of my inven-
t1o1.

The dmﬂmm If1g. 1, represents the arrange-
ment of cir cmts, bfttterles, and apparatus in &
duplex telegraph at one of the terminal sta- 6o
tions-of the line, the other terminal station be-
ing arranged in precisely the same manner.
The receiving, relay, or other instrament R is
provided Wlth two separate coils, r» and 1/, each
of which should have the same number of con- 6 5
volutions, and these two coils are so connecterd
that when the currents of equal strength pass
through them simultaneously they will exert
an equal and opposite magnetic influence upon
the soft-iron eores inclosed in them, and there- 7o
by neutralize each other’s effect, so th at 10 at-
traction will be exerted upon the armature.

One pole of the main battery Bis connected

to the earth at I, and the other to the lever of
the key K. The contact- point 3 is connected 75
_directly tothe earth by the wire 4.

k18 a supplementfuy contact-lever, normally
resting upon the stop 5 and pivoted ftt 2, from
W hlch point a wire proceceds to the 1)011113 D,
where it branches, one branch going through So
the left-hand coil, o* of the relay Lu, and thence
to the lmme L zmd distant station, and the
other through the right-hand or 0pp05mﬂ coll,

‘, and thenu, dlI‘GCth back to the earth by the
wire 0. 85
It is obvious that by making the resistance

1n the respective branches which diverge from
the point 5 exactly equal to each other a cur-
rent can be sent by the depression of the key

K to the line from the battery DB mthout af- go
fecting the armature of the relay R v, provided

an mtlﬁcnl resistance 1s inserted at X which

15 equal to the resistance of the line added to
that of the apparatus at the distant station.
The line which branches oft at the point 5 and g3
returns by the way of 6 to the earth is termed
the ¢ artificial 7 line, in wntradlstluetlon to the
actual line L.

YWhen a signal has thus been sent and the
key K 1s again elevated, the contact between 100
the battery and the line 1s broken at 1, while

| at the same instant the line is connected di-
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rectly to the earth at 3. The result is that a | tions, I prefer to make use of a compound mag-

powerful electro-static current or discharge re-
turns from the line, having a polarity or di-
rection opposite to that of the outgoing cur-
rent transmitted by the key, which return cur-

rent passes through the coil » of the relay to
the earth,and, acting on the armature momen-

tarily, gives a false signal, which is technically
known as the “Kkick.” This false signal may
be prevented in the manner hereinbefore ex-
plained—that is, by attaching a condenser of
considerable electro-static capacity to the ar-
tificial line, and thus produecing another and
simultaneous return discharge in the opposing
or neutralizing coil #/, which precisely coun-
teracts the action of the discharge from the
line in the first-named coil in its magnetizing
action upon the core of the electro-magnet.

Ibave discovered that the return discharges
from the line may also be neatralized in an ef-
fective manner by means of my improved de-
vice, which I shall now proceed to deseribe.

M, Ifig. 1, represents an electro-magnet con-
structed in the ordinary manner except that,
instead of having one fixed and one movable
yoke or armature, (the usual arrangement,)
both the armatures are fixed, being in mag-
netic contact with the ends of the cores, so
that 1t will form a closed magnetic circuit or
magnetic ring when exeited by the action of
the coils. |

An electro-magnet, when constructed in this
manner, becomes magnetized in the usual man-
ner upon the passage of a current through its
colls; but the moment the current ceases oris
interrupted the disappearance of the magnet-
i1sm in the cores produces a powerful magneto-
electric current in the same direction, or of the
same polarity, as the original exciting-enrrent,
and which traverses the line in the same di-
rection. Consequently, if such a device be
placed in the circuit of the line L, as shown at
M in Fig. 1, it is obvious that the static dis-
charge, in attempting to return from the line
through the relay R to the earth at the termi-
nation of a transmitted signal will be met by
the discharge from the magnet M, of an oppo-
stte polarity thereto, which will tend to neut-

- ralize or destroy it, and will effectually do so,

provided it is of equal strength and of equal

“duaration.

55

60

It will be understood, therefore, thatin order
to effectunally neutralize the static discharges

1t 18 only necessary that the opposing dis-

charge from the magnet M should occur at
precisely the same time and be of equal
strength and duration. Now,itis well known
that the strength and duration of the static
discharge in any given case depends  upon
numerous conditions, among which may be
mentioned the length of the line, the super-
ficial area of the conductor, its distance from
the earth and other objects, and the perfec-
tion of 1ts insulation, and the latter again de-
pends very much upon the condition of the
weather in respect to its moisture or dryness.

net made up of a series of single magnets, and
to have the coils of the elementary magnets
wound with varying numbers of convolutions,
50 that by putting more orless of them in the

circuit of the line at the time, the strength of
their combined discharge may be varied at will.

1t 1s also necessary to provide a means of va-
rying the duration of the discharge without
atfecting its strength, and this 1 effect by tak-
Ing advantage of the fact that the time oceu-
pled in discharging an iron core of its magnet-
Ism increases in ratio of its length, and thus,

by using cores of varying lengths, or some

equivalent device, such as coupling short cores
together, and thus caunsing them to form, in
effect, a single long core, I am enabled to pro-
duce the required result.

In Fig.2 I have shown acompound magnet
made up of three elementary magnets, although
any desirable number of the latter may be used
in order to insure a sufficient range of adjust-
ment. The coils of this series of elementary
magnets are preferably arranged consecutively
in the circuit of the line-wire 1, and each single
magnet is provided with a peg cut-out, p, into
which a metallic peg, p’, can be inserted, so as
to shunt any one or more of the magnets out
of circuit.

I prefer, as a matter of convenience in ad-
justment, to have each of the magnets of a
different number of convolutions, as herein-
before stated, and therefore capable of develop-
ing a different strength of discharge-current
with the same strength of initial current.

The elementary magnets M M are provided
with solid yokes or armatures m m at one end,
while at the other they terminate in rectan-
gular soft-iron pole-pieces m' m/ m' m', &e.,
while a soft-iron bar, =, is placed near to and
parallel with the entire range of pole-pieces,
as shownin the figure. Semiecircular grooves
or channels are formed in the adjacent faces of
the several pole-pieces and the bar », so that

any two or more of them can be combined to-

gether and placed in magnetic connection by
the isertion of soft-iron pegs, one of which is
shown separately at n’. This arrangement
renders it possible to vary the duration of the
discharge to any extent which may be neces-
sary to meet the varying conditions of actual
service. Ifor example, in Tig. 2 all the three
elementary magnets M M M are placed in the
circuit of the main line L. by the withdrawal of
the pegs from the cut-outs p p p, thus making
the strength of the discharge from the com-
bined magnet as great as possible.

The pole-pieces and bar» are coupled up by
the insertion of iron pegs in such & manner as
to make a continuous magnetic cireuit, which
includes the cores of all the three elementary
magnets, so that they, in effect, form a single
magnet of great length, and which will for that
reason discharge very slowly.

It is obvious that the time of discharge can
be shortened by eoupling up each magnet in a

In order to provide for these varying condi- | closed magnetic circuit by itself, which may
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be done by placing the pegs so as to connect | tionsin its coils,and also adjustable in respect

the two cores directly together.

I do not propose to confine myself to the
precise arrangement which I have shown, as
this may be modified in various ways without
departing from the principle of my invention.

Although I have shown my invention in con-
nection with a differential duplex apparatus, it
18 equally applicable to a bridge or any other
torm of duplex apparatus, or to a quadruplex
apparatus of any of the well-known forms.

I do not here claim a duplex-telegraph ap-

paratus and a main line, in combination with
a bar of soft iron having its ends so connected
that 1t will form a closed magnetic cireuit, and
a coll or helix enveloping said bar, or a por-
tion thereof, which coil is included in the main

clrcult at a point between the main line and

the receiving-instrument, because I propose to
embrace it in a subsequent application.

I claim as my Invention—

1. The herein-described art or method of
neuntralizing the return or static discharge of
a telegraph-line at the home station, by inter-
posing an electro-magnet between the receiv-
ing-instrument and the line, which is adjusta-
ble in respect to the number of active convolu-

i

to the magnetic length of the closed magnetic
circult which forms its core.

2. An electro-magnet having its core so ar-
ranged as to form a closed magnetic circuit,
and provided with shunting devices, whereby
the core may be placed under the influence of
a greateror less number of active convolutions
of the magnetizing-helix, substantially as set
torth.

5. An electro-magnet having a core adjust-
able in respect to its magnetic length, and
forming a closed magnetic circnit, substan-
tially as set forth.

4. An electro-magnet provided with shunt-
Ing devices, whereby the number of active con-
volutions of the neutralizing helix may be
varied, and with a core forming a closed mag-
netie eircuit adjustable in respect to its mag-
netic length.

Signed by me this 13th day of May, A. D.
1880.

JOSEPH Ii. FENN.

YWitnesses:
Wi C. WITTER,
FrRANK 1. PorE,
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