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To all whom it may concermn:

Be it known that I, Lto WALTER HILD-
BURGH, a citizen of the United States, resid-
ing at New York city, in the county and State
of New York, have invented a certain new
and useful Improvement in Telegraphs, of
which the following is a specification.

The object of my invention is to adapt
telegraph systems employing alternating cur-
rents for the simultaneous transmission of
two or more messages In the same or oppo-
site directions without the employment of
the special methods and apparatus hereto-
fore found necessary.

In carrying my invention into cffect I
divide the main line into two loops where the
instruments are located, and 1n each loop 1
place a set of instruments 1n series with
asymmetric resistances, which resistances,
as is well understood, act 130 separate the
posnwe and negative waves of the alternat-
ing current, thus causing the poslitive waves
to pass over'one loop of the main line and
the negative waves over the other loop, and

each set of waves is employed for transmit-
ting and receiving telegraphic messages. In
some Instances it may be found necessary or
desirable to employ condensers in connection
with the asymmetric resistances.

It will be readily seen that my invention
may be employed with duplex, quadruplex,
or multiplex systems, as will be hereinafter
deseribed. |

In a simple duplexsystem the transmitting
and receiving instruments may be located in
cach loop at the stations in series with an
asymmetric resistance. With the asym-
metric resistance properly arranged 1n each

loop the positive and negative waves will be

separated, whereby messages may bereceived
and transmitted by the mstl uments in each
loop. Thustwomessages may be simultane-
ously transmitted over a single main line in
the same or opposite directions.

A quadruplex system embodying my in-
vention may be arranged eitheron the bridge
or differential method.

In both methods the asymmetric resist-
ances will be located so as to direct the posi-

tive waves over one loop and the negative

waves over the other loop, and two asym-
metric resistances must be employed in each
loop, one at each end, so as toproperly direct
the outgoing and incoming messages. In
each quadruplex arrangement there will also
be employed a rheotome for each loop, which
when in operation opens and closes the earth
connections of the transmitting-keys of the
opposite loop. The object of this i1s to pre-

vent the impulses going out over one loop

returning over the opposite loop at the same
station and operating the receilving instru-
ments therein instead of going out over the
main line.

My invention is illustrated in the accom-
panying drawings, in which—

Figure 1 is a diagram of a duplex system

cmbodying my invention, the transmitting

and receiving instruments being located in
cach loop at the station 1n series with an
asymmetrie resistance, and by which ar-
rangement two messages can be transmitted
in the same or opposite directions. Ifig. 21s
a diagram illustrating a duplex system hav-
ing the transmitting instrument in one loop
and the receiving instrument in the other
loop at each StcLLIOH, and in which arrange-
ment messages can be transmitted Only‘ 11
opposite directions. Tig. 3 illustrates a
duplex system similar to that of Iig. 2, but
with the asymmetric resistance of the receiv-
ing-loop omitted and a polarized relay sub-
stituted. Ifig. 4 is a diagram illustrating the
application of my invention to a uadruplex
system on the differential method, and I1g.
5 1s a view illustrating an 1mproved form of

asymmetric resistance which may be em-

ployed.

Referring to Fig. 1 of the drawings, A in-
dicates themain 11116 groundedat K and hav-
ing three stations X Y 7. G arethe genera-
tors of alternating current, which may be lo-
cated at either or both ends of the line, as
may be found necessary or desirable. The
transmitting and receiving instruments 1’ and
R, 1espeet1vely,, are lomted. in loops a, 0, ¢,
d, e, and f of themain line, and in series with

each set of 1nstr uments 1s an asymmetric
resistance o', D', ¢/, d', e, and f' of any well-
known form These resistances are so ar-
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ranged that, for instance, the positive waves
of the alternating current will pass over the
loops a, ¢, and e and the negative waves over
the loops 0, d, and /. In this way messages
transmitted by the positive waves will De re-
celved over the loops «, ¢, and e, while the
messages transmitted by the negative waves
will be received over the loops 0, d, and f,
and, as above stated, by this arrangement
two messages may be transmitted simulta-
neously in the same oropposite directions.

In the arrangement shown in I'igs. 2 and
5 the transmitting instruments are placed in
the loops ¢ and ¢ and the receiving instru-
ments i the loops 0 and ¢. In Fig. 3 the
asymmelric resistance is dispensed with in
loops 0 and cand polarized relays R’ are sub-
stituted, and the receiving instruments will
be placed in local eireuits controlled by the
relays R, as is well understood.

1The asymmetrie resistance illustrated in
Iig. 5 consists of a permanent magnet ¢, an
electromagnet /i, and two metallic diaphragms
k k', the space hetween which 18 loosely filled
with particles of carbon m, or equivalent ma-
terial, which when brought into more inti-
mate contact reduces the resistance to the
passage of the current. The permanent mag-
nets g have their N poles held against or are
rigidly attached to the diaphragms %, as
shown, and the electromagnets are similarly
placed adjacent to the diaphragms %'. The
electromagnet in the loop « is wound, for in-
stance, so that its pole in proximity to the
diaphragm £'will become S when energized
by a positive wave and N when cenergized by
a negative wave. The result is that when a
positive wave energizes the electromagnet in
loop @ the magnets will attract each other,
causing the carbon or like particles to be
brought into more intimate contact, thus re-
duecing the resistance and allowing the posi-
tive wave to pass over that loop. If a nega-
tive wave cnergizes the electromagnet in loop
a, the magnets will be caused to repel each
other, causing the diaphragms I and L’ to
move away from each other and allowing the
particles m to become more loosely confined,
and hence increasing the resistance to the
passage of the negative wave. The electro-
magnet i loop O will be wound to produece
the opposite result. Thus the positive waves
will readily pass overloop «, while the nega-
tive waves will readily pass over loop 0.
It will be understood that the permancnt
magnets of the loops aand b may have their
N and 5 poles, respectively, adjacent to the
diaphragms, and that their adjacent electro-
magnets in such case will be wound to Pro-
duce 5 and N poles at the diaphragm ends
when energized by positive and negative
waves, respectively. The diaphragmsshould
preterably be so-arranged that their periods
of vibration will correspond to those of tlhe
alternating current. It will be readily un-
derstood that this form of asymmetric re-
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sistance may be modified in various ways;

for instance, the carbon particles may be re-
placed by carbon buttonsor equivalent means
for varying the resistance by varying the
degree of contact.

In IFig. 4,whichillustrates a quadruplex sys-
tem on the differential method, Ais the main
line, grounded at K, and « b are the two loops
at one end of the main line, and ¢ d the loops
at the other end. G are the generators.
Eachloop is provided with a differential mag-
net R, controlling the receiving instruments,
and from these magnets the artificial lines n,
0, 17, and g are connected toearth. The trans-
mitting-keysT areplaced between the ground-
ed ends of the main line and the differential
magnets in series with the asymmetrie re-
sistances «' O’ ¢' d' for directing the positive
waves over one loop and the negative waves
over the other loop. DBetween the differen-
tral magnets and the main line are located
asymmetric resistances «® 0° ¢* d* for prop-
erly directing the incoming messages. The
artificial lines are also provided with asym-
metric resistances 1’ o' p' ¢'.

Lherheotomes for preventing the impulses
from one loop returning over the opposite
loop at the same station are shown at L, T/,
L7, and I The back-stop of each transmit-
ting-key is connected to ecarth through the
vibrating reed of the rheotome in the oppo-
site loop. Thus the back-stop of the trans-
mitting-key in loop « is conneected by wire /
to the contact-point of the reed of rheotome
L"in loop 0, and the reed is connected by
wire 2 to earth. The back-stop of the key in
loop U is connected by wire 8 to the contact-
point of thereced of rheotome Linloop «, and
the reed is connected by wire 4 to earth.
Thus, for instance, when the key in loop « is
closed the reed of rheotome I is cansed Lo vi-
brate, so that the ground conneection 3 4 of
the key inloop 0 is continuously opened and
closed, thus preventing the impulses from
loop @ returning to earth over loop b, and
these impulses are prevented from passing to
earth by way of the artificial line o by reason

of the asymmefric resistance o, which op-

poses the impulses from the loop «. In this
way the inpulses from loop ¢ must pass out
overthe main line. The arrangement of the
rheotomes in loops ¢ and d and the circuits
controlled thereby are similar to those of loops
¢ and 0 and need no further deseription.

It will be understood that with slight
changes my invention can be readily adapted
for telephonic communication without de-
parting from the spirit of my invention, and
my claims are intended to include such an ap-
plication of my invention.

What I claim is— |

L. In asystemof electrical communication,
the combination with a main line and asource
of alternating current therefor, of two nor-
mally-closed loops at cach station over which
the positive and negative waves of the alter-
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nating current are caused to pass separately,
and transmitting and receiving instruments
at the stations, substantially as set fortn. .

2. Imasystem of electrical communication,
the combination with a main line and a source
of alternating current therefor, of two nor-
mally-closed loops at each station, means for
causing the positive waves to pass over onc
loop and the negative waves over the other
loop, and transmitting and receiving instru-
ments at the Stﬁ'[lOllS, Sub%‘bantully as set
forth

3. In asystem of electrical communication,
the combination with a main line and a source
of alternating current therefor, oif two loops
at each station, asymmetric resistances for
causing the positive waves to pass over one
loop and the negative waves over the other
loop, and transmitting and receiving instru-
ments at the stations, substantially as set
forth.

4, In asystem of electrical communication,
the combination with a main line and a source
of alternating current therefor, of two or
more normally-closed loops at each station,
means for causing the positive waves and
negative waves of the alternating current to
pass over separate loops, and receiving and
transmittinginstruments at each station, said
receiving and transmitting instruments being
in separate loops, substantially as set torth.

5. In an electrical circuit, the combination
with a line and a source of alternating cur-
rent therefor, of two loops in said line, and
an asymmetric resistance in each loop con-
sisting of two metal diaphragms with parti-
cles of carbon or equivalent material between
them, apermanent magnet at cne diaphragm,
and an electromagnet at the other diaphragm,
said magnets being so arranged that waves
of one polarity will cause the magnets to at-
tract each other, and that the waves of the
opposite polarity will cause the magnets to
repel each other, whereby the particles be-
tween the diaphragm are brought into more
or less intimate contact and thereby varying
the resistance to the passage ol the current-
waves, substantially as set forth.

6. In an electrical circuit, the combination
with a line and a source of alternating (31‘11—
rent therefor, of two loops in sald lme, &l
asymmetric resistance in each loop eonslstw Q

of two metal diaphragms arranged so thab

their periods of vibration will eorrespond 10
the alternations of the current and with par-
ticles of carbon or equivalent material be-
tween said diaphragms, & permanent magnet
at one diaphragm and an electromagnet at
the other diaphragm, said magnets being so
arranged that waves of one polarity will
cause the magnets to attract each other, and
that waves of the opposite polarity will cause
the magnets to repel each other, whereby the
pﬂwtleles between the diaphragmsare brought
into more or less intimate contact and t]_elﬂ—
by varying the resistance to the passage ol
the eurrent -waves,

!

In a system of electrical communication,
the combination with & mainline and a source
of alternating current therefor, of two loops
at each station, an asymmetric resistance in
cach loop consisting of two metal diaphragms
with particles of carbon or equivalent mate-
rial between them, & permanent magnet at
one diaphragm and an electromagnet at the
other diaphragm, sald magnets being so ar-
ranged that waves of one polm*lty w111 cause
the mabaets to attract each other and that

- waves ol the opposite polarity will cause the

magnets to repel cach other, whereby the par-
ticles between the diaphragms are brought
into more orless intimate contact and thereby
varying the resistance to the passage of the
current-waves, and transmitting and receiv-
g instruments at the stations, substantially
as set forth.

8. Ina Lelefuaph system, the combination
with a main line and a source of alternating
current therefor, of two loops at each sttbtlon,
receiving and tra wnsmitting instraments in
each loop, asymmetric 1‘@81513&110@8 between
the source of alternating current and thein-
struments, and asymmetric resistances be-
tween the instruments and the main line,
stubstantially as set forth.

9. In a telegraph system, the combination
with a main 11110 and a source of alternating
current therefor, of twoloops at each station,
recelving and transmitting instruments in
cach loop, asymietrie resistances in each
loop for causing the positive waves to pass
over one loop and the negative waves over the
other loop, and means in each loop for pre-
venting the impulses passing over one loop
from returning over the other loop at the
IaMe &tat"on substantially as set forth.

10. In a 1@1@*‘“1 aph system, the combination
with a main line and a 50111‘(36 of alternating
current theretor, of two loops at each st%mn
recelving and transmitting instruments in
caclh loop, asymmetric resistances in each
loop for causing the positive waves to pass
over one loop and the negative waves over
the other loop, and a circuit-interrupter in

cach loop which controls the opposite loop
and
loop trom returning over the other loop at the
same station, Subsmntmﬂy as set forth.

11, Ina telegmph system, the combination

with & main line and a source of alternating
current therefor, of two loops at each smmou
receiving and Lmnsmltmnﬁ mstruments in
cach 1001}:, asymmetric 1*esistanees n each
loop for causing the positive waves to pass
over one loop and the negative waves over
the other loop, a ground connection from the
transmitting-keyin eachloop, and a rheotome
in each loop for opening and closing the

eround connection of the key in the opposite
loop for pr oeventing the impulses passing over
one loop from ret ummﬂ over the other loop.
at the same station, subst.;mtmlly as set forth.
12. Ina teleg 1'&1311 system, the combination
| with a line and sources of alternating cur-
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rents at the terminals thereof, of two loopsat |  Thisspecificationsigned and witnessed this
cach terminal, asymmetric resistances for di- | 25th day of Yebruary, 1896.

vidinge the alternatine im s between th ‘ ey ST L T rpvee T NI T T e E
viding the alternating impulses between the LEO WALTER HILDBURGI
two loops, and an artificial line and duplex

5 transmitting and receiving instruments con- Witnesses:
neeted with each loop, substantially as seb | W, PrLzEnR,
forth. | WUOGENE CONRAXN.
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