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To all whom ¢ may concern : |

Be it known that I, GERRITT SMITI, of As-
toria, in the county 'of Queens and State of
New York, have invented certain new and
usetul lmproveme ats in Multiple Telegraphs,
which improvements are fully set forth in the
following specification, reference being had to
the accompanying dmmng
- The ohject of my invention is to provide an
~improved means whereby two distinet commu-
nications may be simultaneously transmitted
over one telegraphic conductor in the same di-
rection, and which may also be combined with
any suitable one of the several known methods
of simultaneous double transmission in oppo-
site directions, so that by means of such com-
bination four distinc¢t communications, two in
each direction, may be made to pass simulta-
neously over a single conductor without inter-
fering with each other.

In all methods of transmission of this char-
acter hitherto known 1t has been. necessary to
-make use of a double-acting receiving-instra-
mentorrelayatthe receiving-station composed

of a single electro-magnet, having two or more

ar mf:,tures, or else of two or more mdppeudent
receiving-instruments.

The practml objection to the ficst-mentioned

arrangement is that the effective attraction of
the electro-magnet for any one of two or more
armatures is materially lessened whenever one
of the othersisalready in contact, or nearly in

contact, with its poles. Thus the movements
of the sepfu ate armatures necessarily interfere
with each other, which interference tends to
gonfuse the signals. The second arrangement
~1s now in véry general use, and, though free
fromn the hereinbefore-mentioned objections, is
liable to certain other defects arising from the
use of two independent receiving-instruments,
the prinecipal of which are as follows:
the apparatus is arranged for the simultaneous

transmission of two communications Iin each

direction it is very difficult to adjust the
equating-resistances and condenser-capacities,
-so that neither of the two receiving-instru-
‘ments are affected by the variations in the
strength or polarity of the outgoing currents,
as the changes necessary to etiect the proper

When-

l

come the above-mentioned difficulties;

transmitting

adjustment or balance of one receiving-instru-
ment frequently destroy the balance of -the
other, and much care and skill are required to
accomplish the desired result. Again, when
two receiving-instruments are used, one must
be made so sensitive that it will respond read-
ily to weak currents. 'The other must be very
much less sensitive, responding only to cur-
rents of considerable power. 'The strength of
current required to actuate the latter instru-
ment is 8o great that it sometimes affeets inju-
riously the working of the more delicate one.
My present invention is intended to over-
and 1t .
consists, prinecipally, in an improved double-_
acting receiving-instrument or relay, which is
placed at the receiving-station, and is com-
posed of an electro-magnet which acts upon a
single armature. The said armature is capa-
ble of being pldced by the action of the elec-

tro-maguet, in four different positions, corre-

sponding to the four possible posmons of the
two keys at the sending-station, By means
of suitably-arranged contact-levers two inde-

pendent local circuits are brought into action

by the same armature in 1ts different positions,
which circuits, in turn, actuate two independ-
ent sounding or recording istruments. My
invention further consists in an improved com-

' bination or arrangement of the keys or trans-

mitters, with reference to the batteries at the
- station, and also-in certain im-
provements in the counstruction of the pole-
changing transmitter,

Ifigure 1 is a plan view of an 1mpr0ved Ire-
ceiving-instrument or relay which forms an
1mp01tamt part of my invention, Fig. 2 is o
front elevation, and Fig, 3 a tI‘ELIlSVGI'bG verti-
cal section, of the same, taken in the plane of

the dotted line # @ in Flg L, Fig. 4 1s a front

elevation of the double-current or pole-chang-
ing transmitter,” Iig. 5 is a skeleton dia-gra,m,
showing the connections and mode of opera-
tion of my improved apparatus when arranged
to transmit two messages simultaneously in
the same direction, from one terminal station
to another. Iig, 6 shows the apparatus as ar-
ranged upon the differential plan at one ter-

| minal station, for the purpose of simultane-
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"ously tI"LI]SmlthI]“‘ two communications to the
distant station, a,nd receiving two others from
that station. Tig. 7 is a modification of the

arrangement show n in Fig. 6. Figs. 8 and 9.
show different methods of arranging the ap-

paratus at way-stations, and Fig. 10 shows

the apparatus at a terminal station m'mnged,

upon the bridge plan.

In order that two communications may bew
simultaneously tr ansmitted in the same dlre(,-r
tion over the same conductor, it is necessary'
to make use of two mdependent transmitting |
~ instruments or devices at the sending-station,:
and also of two independent sounding or re-

cording instruments at the recewmmqt vtion.

Ifor the purposes of tnis desar:ptmn it will

e assumed that the method of telegraphic

transmission known as the ¢ Morse systemn #-
is used, although any other electro- IIlELf"HGtIG ;
‘system of teleg raph} may be sub%1tuted there-

for.

bined with other well-known apparatus in. or-

der to effect the simultaneous transmission .
and receptwn of two communications-in the
- -same or-in opp-aSlte dlrectmns, or both Llpon'_;

- mzle conductor. -

In Figs. 1 and. 3, s is an an n'ula,r beut per
‘manent magnet, prefembly of ha,rdenea steel,
-magnetlzed to saturation, the south pole s ot-
~which is'made broad enough transversely to.
- form a bed, the grooved upper surface of which
supports two bOft-lI‘OH carriages, m m, (See
“To a lng projecting upward from:
each of these carriages Is serewed  the soft-
iron core of an electro- magnetic coil or hellx,:

Fig. 3.) .

as-seen at M and M,.

The respective poles of the two cores are -
arranged so as to face each other upon oppo-

------ site sides of a soft-iron or steel armatnre, a,
which is pivoted at = within a slot formed in

the north end of the permanent magnet n s.-
‘The poles projecting from the helices M M,

‘may be adjusted at any reqmred distance from
the armature a by moving the carriages m m;

horizontally ‘in either direction, as_reqmred |
- and securing theni in the desired position by
the check-nuts d d. The coils M and M, are
“ineluded in the same electric cirenit.. When
no current is passing the armature a receives
north magnetic polarity from the upper end

of the permanent maguet n s, while the 2ores

~on each side of it in like manner both receive
‘south polarity from the lower end thereof. It
will therefore be attracted indifferently by
- either pole with a strength deépending upon |
- its-distance therefrom. The effect-of a posi-
tive current traversing the helices M M1 will
be to'strengthen the :south magnetism in the
~core of helix M, and weaken or neutralize that
~1in M, thus causing the armature « to be at-
tracted toward tha former with a force pro-
E portlonal to the streugth of the current trav- |
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I will ﬁrst descrlbe the canstmctmn and
mode of operation of my improved receiving- |
instrument or relay, and atterward proceed to .
explain the manner in which it may be com-

ersing the helices. The effect of a negativc 3
current will, of course, be precisely the re-
and the armature m]l'_

verse of tlle foregoing,
be attracted toward the coil Mj.

I here remark that, although the comblrn-

tion of permanent and elwtro magnets which

I have thus far described, and which I prefer_' 2
| to employ, is similar to that contained in the
well-known Siemens relay, yet, owing tothé .
‘peculiar arrangemeut of the electro magnetic .
‘lelices and their cores with reference to the
armature, the heavy movable pole- pieces of

Siemens’ arrangement are dispensed with,
whereby the cores themselves are rendered

“eapable of being charged and discharged with
increased mpld1ty whenever the polarity of the
current is reversed. In any case the Siemens

relay might be used in place of the modifica-

tion thereof which I have described w1th0ut._
depa,rtmg from the principle of my invention..

The armature - controls the local cirecunits,
WhILh operate the sounding: or recording in-
struments by me.:ms of two contact- levers, N~
and Nj, Figs. 2 and 5. These contact-levers
turn freely upon suitable fulerums at their
| lower ends, while their free upper ends, when
at rest, are ‘held against the adjustable con-
‘tact-points ¢ ¢, by the tension of the adjusta-
| ble springs » 7. o is a contact-point upon the
‘| upper extremity of the contact-lever N, and o
is an insulated stop occupying a corresDond s
ing position upon the lever N;. The contacts
q. ¢, are so adjusted as to allow the arm a;,
which is rigidly attached to the armature a,

to play between the stops o and o; upon the

contact-levers, which limit its motion in each

direction except at such times as the armature

¢ moves with sufficient power to overcome
the retractile force of the springs » 7y, in which

case the lever N or N, is pressed away from

the contact ¢ or ¢, until it stnkes against thb
adjustable stop p or p.. -

To the above - described. recewmw mstru-

ment two independent sounding or recorduw-.
instruments, S; and 3, are connected in the.

manner shown in Ifig. 5.

Faech of the two local batterles 31 aud 32 11..1%
one of its poles connected to the contact-lever
N. The remaining pole of [; is connected
through the sounder S; to the armature a, and

the remaining pole of I, through the sounder:
S, to the other contact-lever Nl. A connec-
tion is also made between the stops q and q+1,._'

as-shown by.the broken line.
The transmitting devices are, prefembh,

-operwted by connecting - them either mechani-

cally or electr'*lmll\;r with the levers of common

Morse keys in a manner well understood.

The 0perat10n of the two mdependent traué
mitters or. keys at the sending-station gives
rise to four different electrical. conditions of

“the line according to their respective positions
‘with reference to-each other, as follows : First,
first and second keys both open ; second, hrst
‘key closed and .second key open; thlrd sec-

ond key- closed and first key- open, fourth

. ::_‘:lil
-
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first and second keys both closed. The man-

ner in which the four different electrical con-

‘ditions of the line are produced by the oper-

ation of two transmitters will now be ex-
pilained. | B

In Fig. b, ¢, is a lever capable of a slight ver-

tical movement upon its axis in one direction
by the attraction of the electro-magnet T, and
in the other by the retractile force of a spring.

- This lever, with its appendages, constitutes

what may be termed for convenience the dou-
ble-point transmitter, and is preferably oper-
ated by means of a key, Kj, and a local bat-

- tery. in a mauner well understood.
The function of the double-point transmitter |

is to reverse the normal polarity of the main

battery in respect to the line and ground wires
whenever the key I is depressed, and this 18
effected by means of contact-springs f and g,
IFigs. 4 and 5, which tend to press against the

adjustablestopskand ¢ and makecontactthere-

with, except when prevented from so doing by
the action of the lever #. In its normal posi-

tion, with the key K; open, the end of the le-
vert;, whichactsupoun thesprings,isdepressed,

as shown in the figures. Thus the spring g is
separated from the stop ¢, although 1t remains
in contact with the lever ¢, The spring f, on
the contrary, rests against the stop &, and 1s

separated from the lever ¢, When the key K;

“is closed, the position is precisely the reverse
of this. The stops & and ¢ should, preferably,

be so adjusted that when the lever ¢; moves
up and down it will make contact with one
spring before breaking contact with the other.

As the two poles of the main battery are con-

nected to the respective springs fand g, the

line-wire to the stops kb 4, and the earth to the

lever ¢, it is obvious that at each movement

of the lever the polarity of the current upon
the line will be reversed. In the arrangement

which I have adopted the contact-springs are
not mounted upon the lever ¢, as heretotfore,
but upon an independent stationary support..
This mode of construection simplifies the ap-,
paratus, and renders it much more convenient

to adjust it properly by means of the contact-
serews 4. (See Kig. o.) o

The single-current transmitter ¢, is operated
by an electro - magnet, Ty, local battery, and
key K,, and serves to determine the strength

of current, going to line, without reference to

its polarity. It is of well-kpnown construc-
tion, and requires no detailed explanatiou.

I will next proceed to describe the eftect pro-

duced upon the electrical eondition of the line
by the several positions of the keys at the
transmitting-station. | | |

I here remark thatin the arrangement about

to be described two main batteries, B and 3B,
are made use of, the latter being, say, three
times the strength of the former. |

1. ‘When the first and second keys are both
open: This is the position of the apparatus
represented in Ifig. o. |

Disregarding for the present the recelving- |

/

station.

instruments and their connection with the
line, the circuit may be traced as follows:
From the earth-plate G, through wire 1, trans-
mitter-lever ¢;, spring ¢, wire 2, spring b, con-
tact-point ¢, transmitter-lever %, wire 3, main
batteries 3B and B, wire 4, spring f, contact-
point %, thence over the line-wire 6 to the hel-
ices M M of the receiving-instrument at the

| distant station, and thence by the wire 7 to

the earth at G;. In this position of the keys
both main- batteries are in circuit, sending to
line a negative or — current of — 3B —DbB=—
4B. | |
2. When the first key is closed and the sec-
ond key open: The route in this case is from
the earth at &, by wire 1, lever ¢;, spring f, wire
4, main batteries B and 3B, wire 3, lever &,
contact - point ¢, spring b, wire 2, spring g,
contact - point %, and thence by the line 6 to"
the distant station, as before. In this posi-
tion both main batteries are also in cireuit,
sending to line a positive or 4 current of 3B
3., When the second key is closed and the
first key open: The route in this case is from
the earth at G by wire 1, lever &, spring ¢,
wire 2, spring b, contact-point e, wire 8, main
battery B, wire 4, spring f, contact - point 7,
and wire 6, thence over the line to the distant
In this position the smaller of the
two main batteries only is in cirecuit, sending
to line a negative or — current of a strength

| of — B. |

4, 'When both the first and second keys are
closed: The route in this case is from the earth
at G, through wire 1, lever &, spring f, wire 4,
main battery B, wire 8, contact-point ¢, spring
b, wire 2, spring ¢, contact-point &, and thence
over the line 6. S L L
- In this position the smaller battery only'is
in circuit, sending to line a positive or 4- cur-
rent of a strength of B. SRR
The apparatus at the receiving-station con-

sists of the double-acting receiving-instrument
hereiubefore described, (shown in.diagram in

Fig. 5,) to which are connected two independ-
ent sounding or recording instruments, S5; and

It is obviously essential that one. sounder
(for example, S;) should respond solely to the
movements of the key K, and the other
sounder, S, in like manner, to. the move-.
ments of the key K,, while both should re-
spond when both keys are depressed. The -
manner in which this result is accomplished
will be understood by reference to the follow-

ing explanation of the effect of each of the

hereinbefore - mentioned electrical conditions
of the line, and to Fig. 5 of the drawings. -
1. Negative current from both batteries, (-—
4B:) The local circuit of sounder i35, 18 open
between the point O and the armature @, and
that-of S, between the lever N; and the stop
q,, because the action of the current upon the
polarized armature o tending to attract 1t to-
ward M, is strong’enongh to overcome the ten-



__-ulcult of the sounder.S; is broken.

sion of the spring ?1, and force the .lever N,
against the stop p;. o
2. Positive current from both batteries, (+

4B:) The local circuit of sounder S; is closed .

at the point of contact between arm a; and
contact - lever N, but that of sounder S, is
‘broken between the contact-lever N and the
stop ¢, because the strength of the current
upon the line is so great as to overcome the

‘tension of the spring 7, and force the ]ever N
.against the stopp.

3. Negative current from battery B onlv, |
(—B:) The local cirenit of the sounder §; is |
‘broken between the arm a; and the contact O |

on the lever N, but that of sounder S, remains
closed, becmuse the power of the current upon
the 11119.. though sufficient to move the arm a;
away from the stop o, is not able to overcome
the spring ?1 and. sepamte the lever Nj from
the stop ¢;. |

- 4, P{JSltlve ciirrent from battery
(+B ) The local circuits of both sounders 8;

and S, remain closed, because the strength of
‘the positive current is sufficient to brmﬂ' the .
arm ¢ into contact with the stop o upon the

contact-lever N, but is not enough to over come

the tension of' the spring 7, and thus Sﬂ[)&l‘ﬂth |

the lever N from the stop g.

Thus it will be understood that the arum-
ture a is caused to assume four different po-
sitions, corresponding to the four different
conditions of the line.. When the armature
is in either of its extreme pOblthIlS, the -local
When
‘the armature passes directly over from one
.extreme position to the other, it, of course,

..closes the local circuit for all 1nst'mt as it

- passeés the middle point, but not long enough
“to produce any effect whatever upon the sound-

. er Sy, which remains inactive. |

“Iuorder to adapt the hereinbefore-desecribe
_apparatus to the simultaneous transmission
of four communications uapon the same wire,
“two in each direction, it is only necessary to.
combine it with some smtftble known method
of simultaneous transmission in opposite di-
rections.

United States No. 136,874, which were grant-
ed to Joseph B. Stearns on the 18th of March,
1873. The combined apparatas is shown in
Fig. 6, in which the helices M M, of the re-

ceiving-instrument are each composed of two

divisions having an equal number of convoln-
‘tions, and so arranged as to exert equal and
opposite magnetic efiects upon the cores.

into two equal portions, one going to the main
line L and the other to the artificial line A, in
which is inserted a rheostat, R, correspmulmg_
in resistance to the main 1111@
current passes from the transmitting appara-
tus through the wires 14 and 15, right-hand

division of helix M, wire 10, right- hand divis- |

ion of helix M, and thence to the line L, while
the current of the artificial line goes from the

B only,

I prefer to employ for this purpose
the method set forth in Letters Patent of the

The
outgoing current through the wire 14 divides.

The main-line

1 18 had.

of helix M;, wire 18, and left-hand division of
helix M to A, and thence through rheostat R
totheearth at G. = Talso make use of condens-
ers G, and C,, which are counected to-the arti-

ficial line A, in the manner shown in the figure,

for the purpose of compensating the static
dlscharge of the line, in. the manner fally set

forth in Letters. Patent of the United . States_' |

No. 126,847, granted to Joseph P. Stearns on
the 14th day of May, 1872, tcr which reference
In order to equallze the time of the
dlSGh&I‘ﬂ'e from the condensers, and render it
of the same duration of that f10m ‘the line, I
prefer to arrange them in such a manner that

the discharge is made to pass through adjust-

ablerheostats v; 9,. An mdepeudent condens-

er, O, is arranged with one set of its plates
in: Lonnectlon with the main line L and the
“other set with the artificial lines A. Noeffeet =
1 is produced by this condenser upon the out-

going ‘current; as the potentla,l of the latter is
substantially the same on each side.
coming current from the dlstant station, meet-

ing with-the resistance of the helices M M;,
flows into and charges the condenser, which
remains charged until a: reversal of the cur-
rent takes place upon the. line, when it in- .

stantly discharges itself, and sends a moment-

ary pulsation through- the electro-magnets M
and M;, by the way of wires 15, 16, 17, and
18. This tends to hasten the actlon of the re-.

celving-magnet upon its armature at each re-

versal, and thus improves the signals upon
- The effective action ot this con- -
| denser may be much increased, if desired, by
~augmenting the resistance of the hellces M

long lmea

M], or by msprtm g additional resistances be-

tween these and the junetion of the wires leml |

_mg to the condenser.on each side. -
Fig. 7 shows the application of my im proved.

-recewmg fl,pparatus to. the method of trans-

mission described in my former United States

Letters Patent No. 187, 588 da,ted December «
.19, 1876, to which rctereme is hml and in
| which the four positions.of the keys K, and

K, produce the following electuml conditions
of the line: First key and second key both

1 that side.

open, (+B;) first key closed and second key

open, (—3B;) second key closed and first key
open,(0;) flrbtkey’{md aewnd key both Llosed _

—B.) |
The mangement of the recewmgmstru

ment, local circuits, and sounders in this case

1s precmely the same as that shown in Fig.5,
except that eare must be taken to adjust the

coil M; a little nearer the armature a than in
the other case, s0 as to give it a bias toward
The same effect may be produced
by attaching a slight spring -to the arm a;,
whiceh will be sufficient to hold it against the
insulated stop o, when no current is passing. -

T'ig. 8 shows a terminal station arranged

in precisely the same manner as that alre: uly
described and shown in Fig. 6, and also an

intermediate station.” A. swwch, Q,is provid-

‘ed at each station, by turning which to the

wire 14, by wire 17, to the left- hand division | rlth the main babtemes are removed from
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the main-line eireuit, and a rheostat, w, hav-
ing a resistance equal to the combined 1nter-

‘nal resistance of both batteries, inserted In

their stead, which enables each station to ad-

just or balance its apparatus without interfer-

ence from the batteries of any other station.
By means of the arrangement shown in Jig.

~ S either terminal station may send two simul-

taneous communications to the way-station

" or to the other terminal station, or to both;

or it may send two and receive two simultane-
ous communications while corresponding with
either the way or the other terminal station,

but not both at the same time. :
‘Tig. 9 shows an arrangement well adapted
to the transmission of press-reports, or other

matter which is to be transmitted from one

station and received simultateously at-a num-
ber of other stations. I
For example, let the two stations in Kig. 9
represent Baltimore and Philadelphia, the ter-
minal stations at Washington and New York
being arranged in precisely the same mauner
as the terminal station in Fig. 8. By this ar-

rangement two simaltaneous communications |
may be sent, say from Washington, each of

which may be received independently at Balti-
more, Philadelphia, and New York, while
citber of these stations may interrupt the
senders at pleasure by operating their pole-
changing transmitters 1, . '

Fig. 10 shows a method of combining my

improved receiving apparatus with the bridge

duplex method described in Letters Patent
of the United States, No. 132,932, granted to
Josepl B. Stearns on the 12th of November,

1872, and reissued on the 22d of June, 1879,

(No. 6,508.) In this case either the arrange-
ment of the Latteries and transmitting appas

ratus showu in Figs. 5 and 6, or that shown

in Fig. 7, may be employed. The wire 30,

jeading from the transmitting apparatus, di-

vides into two branches, 37 and 33, the
former leading to the main line Li through
the rheostat V, and the latter to the artificial
line A through the rheostat V,. The arrange-
ment of the rheostat R and condenser C; In
connection with the artificial line 1s fully set
torth in the hereinbefore-mentioned patents
of Joseph B. Stearns, and therefore need not

be further described.  In this case 1 prefer

to construct each of the helices M M; of the

- peceiving-instrument in two divisions, the
left-hand division of M and the right-hand

division of M; being included in the circuit of

“the bridge-wire 39 40. A rheostat, I, 1Is

placed in the bridge-wire between the recelv-

ing-instrument and the artificial line. The

incoming current, being partially obstructed
Ly the rheostat R,, flows through the wires
42 and 41, and charges the condenser G, At

the instant a reversal fakes place the con-
denser is discharged through the wires 41

and 42, passing through the right-hand di-

~ vision of the helix M and the lett-hand di-

vision of the helix M, and thus hastening the
action of the reverse current from the distant

2% 6 - B - | .:3

I station upon the armature «, by which means
the signals, especially upon long lines, are ma-

| terially improved. - - | |

| I claim as my invention—

1. A receiving-instrument having one armil-
‘ture so arranged as to respond to changes in
the strength and in the polarity of the liite-
current, either or both, in combination with
two independent sounding or recording -1n-
struments. | | | |

2. Two independent keys or trausmitters in
combination with a receiving-instrument hav-
ing one armature so arranged as to respond
| to changes in the strength and in the polarity

| of the line-current, either or both, and two in-

dependent sounding or recording instruments.
3. Two independent keys or transmitters, So
arranged with reference to each other and to
a main battery or batteries that their sepa-
rate and combined action is capable of pro-
ducing four distinet electrical conditions in the
main line, differing from each other in respect
to the strength or polarity of the carrent, or
both, in combination with a receiving-instru-
ment, having one armature so arranged as to
be capable of being placed in four different
positions, corresponding, respectively, to the
four electrical conditions of the main line and
| two indepeundent sounding or recording nstru-
ments. ' - B
4. Akeyordevice fortransmittingsignals by
changing the polarity of the line-current, and
an independent keéy or device for transmitting
signals by changing the strength of-the line-
current, in combination with a receiving-in-
strument having one armature so arranged as
to respond to changes in the strength and In
the polarity of the line-current, either or both,
and two independent sounding or recording
instraments. ‘ | .
| 5. A key or device arranged to transmit
signals by reversing the polarity of the 1Or-
mal main-line eurrent, in combination with a
second key which, when depressed, transmits
! a signal by diminishing or weakening the noi-
mal current, irrespective of the polarity of
said current. o | - |
6. In a receiving-instrument, a polarized
| armature, acting upon two movable contact-
levers, one of which presents a contact-point
and the other an insulating-point to the said
armature or its extension, in-combination
with stops which serve tolimit the movement
of each of the said contact-levers in each di-
rection. S o |
7. The vibrating lever ¢ of a pole-changing
transmitter, in combination with the contact-
springs f and g, mounted upon a fixed sup-
port, and the adjustable stops b and ¢, sub-
stantially as and for the purpose specified.
In witness whereof I have hereunto set my

|

| hand this 9th day of February, A. D. 1877.

- GERRITT SMITH.
Witnesses: . - | |
FrANK L. POPE,

WM., ARNOUX.
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