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UNITED STATES

LEO WALTER HILDBURGH, OF NEW YORK, N. Y.

TELEGRAPH.

SPECIFICATION forming part of Letters Patent INo. 607,239, dated July 12, 1898,
Application filed June 2,1897, Sen'ﬂ No. 639,189, (No mndel )
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Be it known that I, LEO WALTER HILD-
BURGH, a citizen of the United States, resid-
ing at New York city, in the countyand State
of New York, have invented a certain new
and useful Implovement in Telewmphs of
which the following is a specification.

The object of my invention is to apply the
principle of the separation of the positive and
negative waves of an alternating current to
harmonic telegraph systems.

In my Patent No. 571,948, issued Novem-
ber 24, 1896, I described a system of teleg-
raphy in which alternating currents were
employed for the simultaneous transmission
of two or more messages 1n the same or oppo-

site directions by separating the positive and.

negative waves, and each set of waves being

employed for transmitting and receiving mes- |

sages. My present system depends upon the
separate control of the plus and minus waves
of various frequencies admitted to the line
in order that each set of waves shall affect
only its own instruments.
Intheacecompanying drawings I have illus-
trated my invention in several forms.
Figurelis a diagram illustrating twotrans-
mitting-stations A and B and two receiving-
stations Cand D. In thisillustration, for the
purpose of avoiding repetition, I have shown
the transmitting-stations of different forms.
Fig. 2 is a diagram illustrating transmitting
and receiving instruments at each end of the
line, the generators being arranged In series.
Iig, 3is a diagram similar to Fig. 2, but show-
ing the generators connected in parallel.
Fig. 4 is a diagram 1llustrating a recelving-
station at which the instruments are ar-
ranged in two groups, one group comprising
the instruments affected by positive impulses
only and the other group comprising the in-
struments affected by negative impulses, and
a device for each group controlling the pas-
sage of the impulses. Thus a single device
controls the passage of the impulses to all the
receiving instruments of one group instead
of emplo) ing such a device for each recelv-
ing instrument. - Fig. 5 illustrates a method
ol reeeiving by,elecbme&l resonance, the in-
struments being connected In pamllel. Kig.,
6 illustrates a modification of the arrange-

I o’ to the line.

ment of Fig. 5 and applied to the receiving

system of B ig. 4. FKig. 7 illustrates a system
employing 1esonant tmnsmltters and reso-
nant receivers. Fig. 8 illustrates the appli-
cation of my inventlon to a telephone system,
and Fig. 9 illustrates a form of commutator
which may be employed with the transmitters
to control the passage of the positive and neg-
ative impulses to the line.

Referring to Fig. 1, A and D indicabe two
sets of tmnsmlttmw mstrumentg or stations,
and C and D indic&te two sets of receiving
instruments or stations. At the transmitting-
stations & and &' represent alternating-cur-
rent generators connected in series in the
main line I, and whose pulsations are of dif-
ferent frequency. The transmitting instru-
ments are located in branches connected
across the terminals of the generators, and
these branches contain devices for controlling
the passage of the positive and negative im-
pulses to the line. DBy this arrangement
when the transmitting instrument—a key, for
instance—in one branch is closed one set of
impulses will be short-circuited and the other
set will pass to the line. At station A one de-
vice is employed for controlling the passage
of the positive and negative impulses to the
line, while at station B such a device is placed
in each branch. . These devices may be asym-
metrical resistances or equivalent means.
The ecircuit connections at station A are as
follows: from line L by wire ¢ to key 'I', con-
tact and wire 1 to device 5, wire 3, contacts
5, and wire 7, through resistance X and wire
This branch will hereinatiter
be referred to as branch T, and it will be
assumed that the closure of key T short-cir-
cuits the positive impulses, and the negative
impulses pass to the line unaffected by the
closure of that key. When key 'I' is opened
again, the positive impulses will again pass
to ‘the line, and thus in operating that key

the positive impulses alternately pass to the

line and around the branch T, the effect be-
ing equivalent to the opening and closing of
& key in a simple telegraph-line.

connections to the other branch at station A
are as follows: from line L by wire o to key
T, contact and wire 2 to device S, wire 4, con-
| tacts 0, and wire 8, through resistance X and
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wire ' to the line. This branch, hereinafter
referred to as branch 1Y, it will e assumed,
controls the passage of the negative impulses
to the line, and the action will be the same as
with branchT. The resistance X is provided
for the purpose of preventing injury to the
generators upon closing the branches T or
1. If, for instance, the device S at station
A 1s an asymmetric resistance, which per-
mits positive impulses to pass through it in
one direction and negative impulses in the
opposite direction, it will be seen that the ¢lo-
sure of key T'will permit the positive impulses
from the generator G to pass through the
branch T and the device S to the other ter-
minal of the generator, hence short-cireuiting
the positive impulses from the line, while the
negative impulses pass to the line unaflected.
If the key 1" be closed, it will be seen thal
the negative impulses will pass through the
loop " and thedevice S and be short-cirenited
from the line, and the positive impulses will
be unaflected and pass totheline. At station
13 the same effect is produced. At this sta-
tion, however, two independent branches are
connected across the terminals of the gener-
ator &', One branch contains a resistance X,
device 5, and transmitter T The other
branch contains a resistance X, device S°, and
transmitter 1% The devices & and S* may
be similar to the device S—that is, assym-
metrical resistances or equivalent means—
andthe device S'is designed to permit the posi-
tive impulses to pass around the branch T2
while the device 8° is designed to permit the
negative impulses to pass through the branch
1% Thus the closing and opening of the
branches T*and T?short-circuit,respectively,
the positive and negative impulses from the
line, the effect being, as hefore stated, the
same as at station A, With either of the ar-
rangements just described it will be seen that
four messages may be transmitted over the
line simultaneously and withoutinterference,
sinee the twosets of positive impulses will be
of different freqrency and the two sets of
negative lmpulses will be of different fre-
(uency.

The recelving instruments in Tig. 1 are
placed at two stations C D, and the instru-
ments at each station are placed in two
branches of the main line, (marked ¢ ¢ at sta-
tion C and « d"at station D.) The branches e
and ¢ contain devices 8 for permitting the
passage of the positive impulses from the
transmifting-stations, and branehes ¢’ and
contain deviees 3*for permitting the passage
of the negative impulses only. The receiv-
ing instruments are indicated at B, It will
be noticed that I haveshown three receiving
instruments at the station ¢ and but one re-
celving instrument at station 2. Thisis done
simply to show the flexibility of the system,

csinee 16 will be understood thatone of tle re-

ceivers in the branch ¢ may be placed in the
branch ¢ or there may be a greater number
of receivers, and it will be undersiood that
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the location and grouping of the receivers,
as well as the transmitters, will of course be
such as will meet the demands of the systen.

InIFig. 21 haveillustrated two sets of trans-
mitters at each end of the line and a set of
receivers abt each end. The generators &, G,
&%, and G” are in series, and the eight trans-
mitting instruments T to TT7are placed in
branches around the terminals of the gener-
ators, as at station B ol Fig. 1. The receiv-
g instruments are connected in parallel,
four at each end of theline, and each receiver
18 provided with a device S or 82 to control
the passage of the proper Immpulses to the re-
celvers IR,

In Fig. 5 the generators &, G, G* and (¥
are connected in parallel across the line I 1.,
and with each generator are conneceted LHwo
branches containing devices 5 and & and
transmitting instruments T to U7 inclusive.
The receiving instruments I are connected
in parallel across the line, eaclh receiver bo-
Ing in series with a device 5 or 8% as in IMig. 2.
In this illustration each branch from the
generator is normally open, and the respec-
tive generators are thus disconneccted from
the line, so that the operation of the trans-
mitter does not short-cireuit any set of in-
pulses, as in the arrangements of IMigs. 1 and
2. The devices ' permit the passage of {he
positive impulses through their respective
branches, and the devices 5% control the pas-

sage of the negative impulses through their

respective branches. VWith this arrangement
1t may be necessary to provide each frans-
mitting-circuit with a deviee at o, which will
permit only a current of a certain frequencey
to flow on that circuit, whereby the passage
of the impulses from one gencrator through
either of the other gencrator or transmitter
circuits will be prevented.

In IMig. 4 I have illustrated two groups of

recelvers R and R, one group—those designed
to bealfected by the positive impulse S—being

connected between the branch conductor N,
and the return-circuit T of the main line,
and the other group—those designed ito be
altected by the negative impulses—being con-
nected between thie Dranch conductor 12 and
the return-conductor 1. The Dbranch con-
ductor It contains a device 8 for permitting
the passage of the positive impulses only to
the group of receivers I3, and the braneh con-
ductor It contains the deviee S for permit-
ting the passage of the negative impulses
only to the group of receivers 13, If addi-
tlonal receiving instruments are requis ed,
they may be connected belween the hranceh
conauctors K I and the conductor T, ov they
may be connected directly across the main
line L I/, as indicated in dotted lines. The
arrangement of receivers illastrated in this
figure may be applied to the systems of I 103,

1, 2, and 3, the reeeivers being all econneetod
as Indicated in Tig., 4 or partly conneetoed
asinthe other figures and partly connected ns
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In Fig. 5 T have illustrated the receiving

instruments arranged to operate by electrical
S’ and S*indicate the devices for
controlling the passage of the positive and
negative impulses, respectively.

the receiving instruments. In series with

these instruments are connected the con-
densers Fand anysuitable form of inductance

I, the functionsof which are well understood.

In Fig. 6 I have shown a modified arrange-

ment of the receivers operating by electrical

resonance applied to the receiving systems

of Kig. 4. In this illustration E and E' are
the two branch conductors, as in Iig. 4, and
S" and S° are the devices for controlling the
passage of the positive and negative im-

pulses,respectively. Rindicatesthereceivers

connected between the branch conductor L
and the main-line condunector L', and R’ indi-
cates the receilvers connected between the
branch conductor K and the main conductor
1./,
inductance at It'.

In Ifig. 7is shown a system employing both

resonant transmitting and receiving instru-

ments. Thiee generators G, G', and G* are
shown connected 1n series and each of differ-
ent frequency. dSix transmitter-circuits are
shown, and each is provided with means for
adjusting for inductance and capacity.
transmitting instruments are illustrated as
keys 1% to T,
and TY are provided with devices 8' for per-
mitting the flow of positive impulses from the
generators G and G/, respectively, and the
closure of those keys short-circnits from the
main line the two sets of positive impulses
Transmitter-
circuits T and T are provided with a sin-
cle device S° for permitting the flow of nega-

five impulses from ﬁenemtors G and G, and

the closure of those keys short-circuits from
the main line the two sets of negative im-
Sepa-
rate devices S° may be employed for the cir-
cuits T and T, if desired, a single device
being shown in this instance merely to illus-

trate another way of connecting the instru-

ments. Another wayof connecting the trans-

mitters is shown at transmitter-cireunits 1T

and 1", where separate devices S’ and S* are
employed for controliing the passage of the
impulses, circuit 1" receiving the positive

impulses and cireuit T? receiving the nega--

tive impulses., Transmitters F“and T_“con-
trol, respectively, the flow to the main line of

the positive and negative impulses from gen-
R* to RY represent resonant re- |

“‘I,‘)

erator

celving mstmments. Instruments R'* and
R"™ ate shown connected in separate receiv-
ing-circuits and provided, respectively, with
devices S’ and S for permitting the flow of
positive and negative impulses from geners

tor %, and whieh impulses &1‘6‘(3011131‘011@(1, 1'C-
spectively, by transmitters T and T%. Re-
celving Instruments R°% and R° receive the

- positive impulses of different frequency from

R2indicate

The condensers fwe shown at I' and the

The

The transmitter-cirecuits TS

C9d

| the two generators G and &', controlled by

transmitters T® and T, A single device S'1s
shown for controlling the fiow of the positive
impulses toreceivers R®and R, although one

of these devices may be employed for each

receiver. Receivers RYand R are connected
in the same manner as receivers R® and RR’,
and a single device §° is shown for control-
ling the flow of the negative impulses of dif-
ferent frequency from the generators G and
G, controlled by tmnsmltter T and T,

In the telegraph system the device for con-
trolling the passage of the positive and nega-

tive impulses to the main line may be a In'e— |
chanical device—such, for instance, as the

commutator illustrated in Fig. 9. In this
illustration L and L’ indicate the nain line.
II and H' may be the collecting-rings of a
generator, and 1 represents the ﬂ'enemtor
winding. The collecting-rings may be car-
ried by the armature- shaft or by a separate
shaft geared to the armature-shaft, and in

either case the ring I will be m&de adjust-

able on the sha,ft, in order to adjust for
changes in the phase of the current from
cenerator I. Ring H' has a continuous con-

tact-surface, while ring H is notched at both

ends, a section of insulation being insertec

at the notches, so that metal surfaces /v and

insulating-surface /i’ will alternate, asshown.

T'he ﬂenemtm -winding 18 eonne(}ted to Lhe
rings II and I1'.
Wlth ring II', from which extends the main

line L. A b1 ush I? makes contact with the

continuous metal surface of ring I, to which
brush the other main conductor L'is con-
nected through a resistance Y. The trans-
mittine instruments or keys are shown atTH
and 1Y, which are connected to the main line
L by wires 14 and 15, respectively. The main
circuit 1s always closed from the main line 1.
through brush I', ring ', generator-coils I,

ring II brush I*, to main L , through ]E‘SlSt—.

ance Y The Opbl&tm]l of the Lmnsmltter&

T and TP produces the same results as the

operation of transmitters T and TV of Ifig. 1.

The path of the current when both ]{eys are

open is from line L to brush I', ring II', gen-
erator-coils I, commutator II, and from com-
mutator II the currvent passes to line I)
through two parallel circuits, one including
brush I* and resistance Y and the other in-
cluding brush I*, wire 10, contacts 18, and
wire "O at one 11131:&111) and :51,13 the nextinstant
brush I3, wire 17, contacts 19, and wire 21,

due to the alternate makes and breals at

brushes I’ and I*. Contacts 18 and 19 are
spring-contacts, which are held closed by the
insulated rear ends of the keys and which

contacts will open when the keys are closed.

If key T affects the positive impulses and
T the negative impulses, the path of theim-
pulses wheu the keys are closed will be as fol-
fows: When key T is closed, the path of the
line-current at one instaut will be line L.,
brush I', ring II’, generator-coils I, ring I,

| and in parallel through brush I and resist-

A brush T makes eontaen
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ance Y, and brush I3 wire 17, contacts 19,
wire 21, line I, The next instant the path
of the linc-current will be line L, wire 14,
key T, resistance 7, wire 16, brush I ring
I, brush I° resistance Y, line I/. The posi-
tive impulses will be short-circuited by key
P and at those instants the line-current will
divide between the generator-coils and the
circuit, including wire 14, key T, resistance
Z, wire 16, brush I*; but the line-resistance
will not change, because the resistance of Y
will make the total resistance from line I. to
I." when 7 and I arve in parallel and Y in se-
rics the same as the resistance of coils I alone.
When key T is closed, the path of the line-
currentatonceinstantwill be main line, brush
I', ving II', gencrator-coils I, ring II, and in
parallel through brush I* and resistance Y,
and brush I'y wire 16, contacts 18, wire 20,
line 1. Thenext instant the path of the line-
current, will be line I, wire 15, key T, re-
sistanee 7', wire 17, brush I?, ving 1, hrush
I?, resistance Y, line 1. The negative im-
pulses will be short-cireuited by key TP, and
the effeet will be similar to that produced
by the operation of key T, When both
keys are closed, the generator-waves will he
continuously shutout from the eircuit. Thus
by the arrangement of Fig. 9 the main line

constant, and the positive and negative im-
pulses from the generator may be short-cir-
cuited from the line at will.

In the telephone system illustrated in Tig.
o L have shown four telephone sets or stations
A, B, C, and D. These sefs comprise, re-
spectively, local transmitter-circuits 1.2, 1.4,
L& and L% local receiver-circuits 1% 12, 17,
and L”, and local circuits containing asym-
metrical resistances or equivalent devices 83,
St 5% and S° for short-circuiting either the
positive or the negative waves of the alter-
nating current produced by induction-coils
P sy and cach of the last-named local cireuits
1s provided with a reversing-switeh, so that
the connections of the devices S%, &e., may be
reversed and control the passage of either thoe
positive or the negative waves over the main
line. Thelocalreceiver-circuitsare arranged
in two branches, in cither of which Dhranches
the receivers IV?, R, RY, and R* may be con-
nected. "T'he receiver branches are provided
with devices S"and S° for controlling, respec-
tively, the passage of the positive and nega-
tive waves.

With the connections as in Fig. S station A
may communicate with station C and station
I35 may communicate with station ID. When
the transmitting-diaphragm at station A is
vibrated, the negative waves of the alternat-
ing current from the induction-coil will flow
around the local cireuit containing asym-
metrical resistance S® and the positive waves
will flow through the branch of the local cir-
cuit I” containing the device ', which device
allows the positive waves from transmitter 1.2
to pass through receiver 3% and

]

1s never opened, the resistance is maintained |

607,239

and through the branch of the local eireuil
L7 containing deviece 5, and then along the
line to receiver X' at station €. The same
action takes place atstation 13 when the dia-
phragm in local circuit 1.'is vibrated, except
that the switeh in the local cireuit containing
device 5' is reversed and the positive waves
will flow around that local cireuit and the
negative waves pass over the line o receiver
RY, the path being through the branches of
the local receiver-cirenits 175, 17, and T2 con-
taiming deviees 5°, which permit only nega-
live waves to flow in those ecircuits. The
switches in the local civeunits containing de-
vices S° and 8% at stations C and D are ad-
Justed so that the positive and negative waves
from the transmitter-civcuits 1.5 and 1.8, ve-
spectively, will pass over the line, and those
waves will alfect the distant receivers 13 and
7, respectively.  Ifstation A desires (o com-
municate with station 13, receiver RB? is con-
nected in the other branch of the local re-
ceiver-cireuit I and the reversing-switch for
deviee 5% is shifted so that the positive waves
from station A will be short-cireuited from
the line. T'he connections at other stations
will be similarly changed to eommunieate
with different stations, and thus it will e
seen that any pair of stations may communi-
cato with eaclh other without interference.

I'he telephone system may be extended {o
include a greater number of stations by ap-
plying arvangements similar to those eni-
ployed in connection with the herein - de-
seribed telegraph systemsemploying resonant
cireuits.

The devieces employed for controlling the
flow of the positive and negative waves 1o the
line may be arranged to short-circuit all tha
waves of onesefl from the line when the trans-
mitting instruments are operated, or such de-
vices may be arranged to only partially short-
circuit the waves of one set from the line,
without departing from the spirit of my in-
vention.

What I elaim is—

1. Inasystemof electrical communiecation,
the combination withamain line and a source
ol alternating current therefor, of means [or
controlling the flow of the positive and nega-
tive impulses from the generator by short-
circuiting one set of impulses at the time of
generation of either set of waves, the otherset
being unaflected, substantially as set forth.

2. Inasystem of clectrical communication,
the combination with amain line and a souree
of alternating current thercfor, of means for
controlling the flow of the positive and nega-
tive impulses from the generator, said means
being located at or near the generator, and
means for maintaining the line resistance,
substantially as set forth.

9. Inasystem of electrical communication,
the combination with a main line, of two or
more generators generating alternating eur-
rentsof different frequencies, two hranch ¢ir-

along the line | euits conneected across the torminals of each
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generator, transmitting instruments located
in each branch, and means for separately con-
trolling the flow of the positive and negative
impulses from each generator over the line
to receiving instrum ents %ubstfmtmlly as set
forth.

4. Inasystem of electrical communication,
the combination with a main line, of two or
more generators generating alternating cur-
rents of different frequencies, two branch cir-
cuits connected across the terminals of each
generator, transmitting instruments located
in each bl‘mmh, and a device in each branch
for causing a set of 1111pulses of one sign to
pass over the branch in which such dewee 1S
located when the transmitting instrument is

closed, thereby short-circuiting that set of

unpulses from the lme, substantmlly as set
forth,

5, In asystem of electrical eommumca,tlon
the combination with a main line and a source
of alternating current therefor, of a device
combined mth transmitting mstruments for
controlling the flow of the pOSIBw e and nega-
tive 1111pulsus from the generator over Lhe
main line by causing one set of impulses to
flow through a branch cireuit, the other set
being unaffected and allowed to pass over the
main line, substantially as set forth.

6. In a system of harmonic telegraphy, the
combination with a main line, of two or more
generators generating alternating currents of
different frequencies, transmitting instru-
ments for controlling the flow of the positive
and negative impulses over the line, each
transmitting instrument being arranged to
short-circuit the impulses of a given sign and
frequency, substantially as set forth.

7. In a system of harmonic telegraphy, the
combination with a main line, of two or more
alternating currents of

different frequencies, transmitting instru-
ments for controlling the flow of the positive
and negative impulses over the line, each
transmitting instrument being arranged to

short-circuit the impulses of a given sign and

frequency, and a serles of receiving instru-
ments each adapted to receive impulses of :5L
given sign and frequency substantially a
set forth,

S. In asystem of electrical (3011111111111(3&'[;1011
the combination with a main line, of two or
more generators connected 1n series and gen-
erating alternating currents of different fre-
quencies, means for controlling the passage
of the positive and negative impulses from
each generator over the line, a transmitting
instrument for each set of impulses of a given
sign and frequency, and a series of receiving
instruments connected in parallel and each
arranged to receive impulses of a given sign
and frequency, substantially as set forth.

9. Inasystem of electrical communication,
the combination with a main line, of two or
more generators connected in series and gen-
erating alternating currents of different fre-
quencies,branch cireuits connected across the
terminals of each generator, means located
in each branch for controlling the passage of
the positive and negative impulses from each
generator over the line, transmitting 1nstru-
ments in each branch, and a series of recelv-
ing instruments connected in parallel and

aeh arranged to receive impulses of a given
sign and frequency,, substantially as set forth

"This specification signed and witnessed this
17th day of May, 1597. |

LEO WALTER HILDBURGIL.

Witnesses:
W. P. 1ZEN,
JNO. R. TAYLOR.
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