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To all whom it may concer:

Beitknown thdtI STEPHE
a citizen of the Umted States, residing at

' Yonkers,’ in the county of Westchester and

10

20

State of New York, have invented certain new
and useful Im provements in Telegraphy; and
I do hereby declare the following to be a full,
clear, and exact description of the mventlon,
such as will enable others skilled in the art to

which it appertains to make and use the same. |

Thisinvention relatesto telegraphy and has
for its object to increase the signaling capac-

ity of lines and to enable a smﬂ'le wire to ac-

commodate a number of operatorq at, termi-
nal orintermediatestations. It may betersely
described as an improvement in multiplex
telegraphy in the broadest 1nterpretat10n of
that term, the telegraphy being multiplex in
character, whether the plar ahty of operators

employed are stationed at terminal or mter— |

mediate stations.
The basic feature of my invention lies in
the employment of transmitting and receiv-

“ing instruments having plactlcally no self-

mductlon and thelefme offering no mtardd,-
tion to the transmission of currentb |

My invention is applicable to existing sys-
tems, such as the duplex and quadruplex to
enlarge their capabilities. These systems as
now emplo}‘fed are limited to intercommuni-
cation between two terminal stations, it hav-
ing been found impracticable to interpose

| electlo magnetic devices in -the circuits of

35
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these systemf-; at intermediatestations, for the |

reason that the self-inductive effect of such
devices exercises a haltmn'or retarding effect
upon passing signals and renders them unin-
telligible at the ter minal stations. This self-

inductive property of electlo-maﬂ'netlc appa-

ratus has been one of the most serious limit-

ing factors in telegraphy, and is especially

45
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serious in multlple*{ systems. An electro-
magnet interposed in a circuit over which

passes a fluctuating or 111te1rupted cuarrent
the flow of

The current in starting to flow

acts as a choke 0011 to shut o

such earrent.
creates a maﬂ'netw field, the creation of which

generates a counter- electm motive-force, op-

posing the flow of the current, the result of

which operation in apparatus employmo‘ rap-
idly fluctuating or interrupted currents is to

shut off the main portion of the cument per-

N DUDLEY I‘IEL:D |

' mitting only a little to flow,and to retard the

iwo

action of the responding mstruments
system I employ what I may term chokeless

coils; that is to say, coils which permit an in-

Inmy

55

stanta,neous flow of the signaling currents in

‘almost full strength, the coils being so placed

and connected thafs they offer no mafrnetle ro-
tardation. Instruments constructed in ac-
cordance with my invention may therefore be

60

interposed in signaling circuits at any de-

sired points, and by arranging the system so
that current impulses used bV different cor-

responding operators will be created at differ-
ent instants of time, signals may beexchanged
between all the stations of the line simulta-

neously.

In carrying out my invention I utilize a
principle first disclosed in Letters Patent
issued to meon November13,13833,No0.393,914,
and January 1, 1889, No. 395,556, wherein is
described a receiving instrument embodying
coreless coils floating in an intense magnetic
field and nested and coupled together so as to
offer a minimum counter-electro-motive-force
to currents conveying signals. In my pres-

ent invention I utllwe thls principle in both
transmitting and receiving instruments and

mount the se_veral coils upon independent
reeds or other vibratory agents, each having

‘its own rate, which corresponds to that of a

blIlllla,l reed or similar reeds at otherstations.
Two reeds having different rates of vibration

have their afl
same magnetic field, the two coils being cou-
pled together and to line so that passing cur-
rents, whether wenerated by the movement of
the coil for tra,nsmls‘uou or creating motion
of the coil for receiving, will circulate in op-
posite directions in adJaeent portions of the

the case with or dmm Yy eleetro magnetic appa,-
ratus. |
My 1uvent10n 1681des in the transmlttmn'

and receiving apparatus, and in a combma-
tion of the two, whether thecombination com-
prises a joint outfit for a single station or a

separate outfit for different stations. As a
transmitter it comprises chokeless coils inde-
pendently governed and moving at diff

rates of vibration in the same magnetm field.

“Xed coils free to vibrate in the

co-operating coils, thus facilitating the
passage of current by reason of their mu-
tual induction instead of hampermw it as is

erent
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It also comprises such coils coupled so as to
~assist one another by mutual induetion.
~ also comprises a combined transmitter and
~ receiver, or two receivers having these rela- -

20

-~ of my invention.
a GOI'I'eSp()lldlIlﬂ‘ receiving instrument.
31sa similar view of a eombmed tra,nsmlttmu'. 5
- and receiving instrument.
- view of the macrnetw field in wh1eh the coils
- shown in Fig. 3 are placed. Fig. 5 is a dia-
gram- shewmg the manner of eeuphnw the
.--ee1ls 80 that the passage of currents is as- |
sisted by mutual induction.

- grammatic view of a duplex system of teleg-
- - raphy, having apparatus. constructed in. ae-'
35
- termediatestationsbetween the termini. _
7 isadiagrammatic viewof a quadruplex Sys-

o 30
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‘naling coils:

| -'spondmﬂ' transmitting instrument.
. is a side elevation of two co-operating tmns-
~mitting instruments in which the coils are
plaeed in different magnetic fields, and the
self-induction is eliminated by providing a
~ closed electrie circuit in which the: counter-
- eleetrie energy.can act, thus relieving the
line.-
‘section of a modified form of instrument from
that shown in Figs. 1, &e.,
-strings or cords are 11sed as wbra,tory agents

It

tlon,shlps It also comprises a system em-

~bodying two or more stations provided with
It also

u eomprlsesasystem capable of duplexor quad-
- ruplex functions at terminal stations and hav- .
ing. mtel posed 1 in the same circuit mstrumente :

signaling outfits of this character.

plant may have its capacity largely in crea.sed

without reduction of efficiency. It also com-
prises novel appa,ra.tus for vibrating the sig--
It comprises also other features |
which will be particularly hereinafter de- |
scribed, and the novelty of which will be deﬁ-l;_
o mtely mdlca,ted in the appended claims.
In theaccompanying drawings which illus-
_, trate theinvention, Figure 1 is amde elevation
~partially in dlaﬂram :«‘md partially in section.
of a transmlttmfr instrument, suitable for |
two independent operators, embody iIng a part |
218 a similar view of

Fig. 2

Fig. 418 a detall

cordance Wlth my invention interposed at in-
Fig.

tem elmﬂa,lly equipped. FKig. 8 is a side ele-

vation of a portion of a double receiving in- |

strument suitable for the use of two opera-
tors. Fig. 9 is a side elevation of a corre-

“Fig. 11 is a side elevation paltlally in

~in 11eu of the reeds shown in the other fig-

55

ures
a single or double transmitter or receiver.

~ Fig. 12 is a front elevation with parts re-

__ _.moved to better show the construction of the_f
. instrument shown in TFig, 11.
. detail view of the mbtruments shown in qu
11 and 12, showing a mode of mounting the'
- coils so as to prevent lateral movement in the

-narrow magnetic field in which the core issup-

| '__60

F]D‘ 13 1S ¢

© ported; and Figs. 14 and 15 are a side eleva-

- tion and a- tep plan view respeetwely of a

modification of the type of 1netrument shewn

in Figs. 1, 2, &ec. -

Referrmg hlst to F1

Flﬂ' :

Fig. 6 is. a dia- |

Fig, 10

| wires. -
| carried out by wmdmcr the two. coils in re-

I minals towether and the othel
| nals to the two
in which tuned |

This instrument may be used either ae.'

1, I h:;we shown an

5C 3,‘590

pole, N, projects, an aunular space being left

fixed to two reeds A, B, having independent

‘rates of vibration, the rates bemfr adjustable
‘in any suitable manner, as, for example, as
indicated, by drilling a hole longivtudinally

co-operating with a thread formed in the

ble with an ef

‘electro-magnet, one pole of whleh S is pro-
vided with an a.pelture into which the other

o

' between the two in which are two 00118 af-

75
of the reed and. ﬁttlnn' therein a screw plug

-aperture, by the adjustment of which longi-
| tudinally of the reed its rate.of vibration may
be varied.” The annular space between the
poles N and S is madeé-as narrow as compati-
icient vibration of the coils,and

the latter may be superposed or.nested as in-

3C

dicated in the-drawings, or-may be placed -

| side by side, the former method being pref-
_erably adopted, as the effects of mutual in-
duction are better applied, as will be herein- -

after more fully described. Ihave found that

‘in such asystem the vibration of the coils un-

der:the influence of the reed sets up in the

wire of which they are composed electriccur-

go

rents, which, although the coils may be of

quite low ref-‘zlsta,n(,e, as, for- exa,mple, about

the 1mmed1¢tte adjacent wires, so that the ef-

fect of mutual induetion between the currents

developed in the two coils will be to assist one

to self-induction.

~ The manner of a,rla,nmnﬂ' the Wuee of the
two coils is illustrated in Fw 2, where, by fol-
‘lowing the direction of the arrows, it will be
‘seen that the currents flowing in adjoining

convolutions circulate in reverse dlreetlons

and yet the two coils are connected in series 1

relation with the line wires C and D and throw
their currents in series relation upon such
‘This arrangement may be practically

verse directions, eonneetmO' one pair of ter-

pair of termi-
‘sides of the line. -The two

twenty-four ohms each, will give rise to cur-
| rents of a voltage sufficient to be commercially gz
! valuable upon- elreults of great length. Two
coils-are connected in series with relatlon to
& line, but in such a manner that the current

_ﬂows through them in 0pp051te directions in

I0C

another and to ehmmate the retzu dation due

105
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reeds will be given different rates of vibra-

tion, as, for example the reed A may haveone

hund1 ed vibrations per second, and the reed

Bone hundred and fifty vibrations persecond.

Local apparatus is provided for maintaining

~either or both of the rceds in continuous op-
‘eration so0 long as a key controlled by the
a | transmitting opemtor 1s - actuated. Under
| these ci rcumstanees when a key is depressed
the reed is thrown into vibration, an electro- -

motive- force is developed in ‘the eeuespond
ing coil which throws current - upon line cor-

| '1*e"~‘-tp0nd1nﬂ' in {requency to the rate of the reed

to. which the coil is attached. ~When both
keys are elmulteneeusly depressed each coil

120

130

develops its own current and both sets of

 waves pa,ss to 1me It wﬂl th us be seen that




[O

20

~ energized, holding the contacts closed at 6,
and rendering the differential circuit 1, 4, 5,

503,590

the apparatus now being described is in effect
acompound dynamo-electric machine capable

of developing two sefs of impulses, either or

both of which may be actuated by two oper-
ators whom theinstrument will accommodate.

sponsive to the operator’s key I have provided

for each reed a magnet, as indicated at E, E’,
which, so long as the apparatus is quiescent

is energized by a local circuit including the

‘battery 1, wires 2 and 3, and one set of convo-
Each of the magnets

lutions on the magnet. |
E, B’ is differentially wound,that is to say,is

provided with duplex coils, one set of which

is included in the eireuit 1, 2, 3 above noted,
and the other set of which includes the bat-
tery, key 4, wire 5, and a circuit-breaking con-
tact 6 completed by the reed when drawn up
to the magnet. Under these circumstances,
so long as the key is open, as indicated in the
drawings, but one of the differential circuits
will be active and the magnets E, E” will be

6, complete at all points except the key, so
that when the operator depresses the key this

- ¢ircuit is completed, rendering the magnet

35
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neutral and permitting the reed to instantly
bound away from the condition of strain in
which it was held by the magnet, thus open-
ing one differential circuit at the point 6 and
again rendering the normally closed circuit
active. Under these conditions the apparatus
becomes instantly responsive to a depression
of the operator’s key and the circuit-breaking
function of the contacts at 6 maintains a con-
tinuous vibration of the reeds in accordance
with their particular rates so long as the keys
are closed. This construction embodies a fea-
ture of great practical importance in provid-
ing the operator with a transmitting appara-

~ tus which will instantly respond to the opera-

45

6o

‘tion of his key, and one in which there is no

delay of transmission by reason of inertia of
the current generating apparatus. The reed
being held in a condition of mechanical strain
is ready instantly torespond to the ieast weak-
ening of the magnetic field which holds it in

the condition of strain, and the generation of

current by the coil carried by the reed beging

~ instantly upon the depression of the signaling

ke}"; | S | F | -
In Fig. 2 is shown a compound receiver

which may be used to serve two receiving op- |
erators and is the complement in point of con- ;
struction to the apparatus deseribed in Ifig. 1.

In this instrument I have two reeds A’, B’

‘whose rates of vibration correspond to those

of two fransmitting reeds located at other sta-
tions and to which are affixed coils similarly

arranged to those described in connection

with Fig. 1 and connected in series relation
in the line circuit. The rates of vibration
of the reeds may be rendered adjustable,
either in the manner indicated in Fig.1,o0r as
shown in Fig. 2, by a slide or weight longi-
tudinally adjustable of the reed. The coils

For rendering the instrument instantly re-

8-

are supported in an intense annular magnetic

field produced similarly to that shown in Fig.
1, though the magnet may be modified struct-
urally. Asshownitcomprisesatubular mag-

net, one pole of which, N, is surrounded by

the walls of an annular opening formed in

the other pole, S, one reed being supported

above both poles and the other passing
through slots formed in the poles. Kach reed
carries a contact co-operating with another

75

contact attached to a spring actuated lever

and normally closing a local circuit ¥, EF’ in-
cluding a local battery and sounder. The

times as a transmitting reed having a corre-
sponding rate is in operation, when 1t will be
thrown into vibration, and by varying or

opening the contaects of its local eircnit will

operate the sounder and reproduce the signal

‘thrown upon line by the transmitting oper-

ator. | -

The same instrument may embody both the

features of transmitter and receiver as illus-
trated in Fig. 3. In this case one of the reeds,

So

reeds A’ or B’ will be silent except at such =

9c

as A, co-operates with an atfracting magnet

E and a transmitting outfit similar in char-
“acter to that described in connection with the
instrument shown at Ain Fig.1,and the other

95

reed, B’, having a different rate of vibration
from the reed A co-operates with a local cir-

cuit F/ in the same manner as reed B’ de-
seribed in connection with Fig.2. Two coils
carried by the reeds A, B’ may be arranged

in the same manner with relation to the mag-

netic field as the coils described in the pre-

ceding figures, and are connected In series
| ;relatiﬂﬂ with the line. Such an Organization;

may provideasingle operator with both trans-

‘mitting and receiving outfit. 'Thecoll mount-
‘ed upon the receiving reed B’ is quiescent,
‘except at such times as there 1s passing upen
line impulses having a frequency correspond-

ing to the rate of vibration of its reed, when

it will be thrown into operation and repro-
- The cores of

the electro-magnets are preferably laminated
so-as to increase the effectiveness and sensi-
tivenessof theapparatus. Theannular open-

duce the transmitted signal.

- 104Q

105

ITO

115

ing in which the coils are supported and the

‘corresponding shape of the coils may be made
As illustrated in
‘Fig. 4, it is somewhat elliptical in shape. A

of any convenient shape.

line equipped with apparatus as hereinbefore
deseribed has removed from it the most se-
rious obstacle to multiplex transmission.
Additional instruments inserted in the-cir-
cuit do not materially affect the clearness of
transmission, so that the limitation imposed
by static effects which may be provided for
in other ways not necessary to consider here,

‘becomes the chief controlling factor of the

line’s eapacity. - - TR
It will be noted that a circuit equipped
with the apparatus hereinbefore described
may be completely closed at all times during

transmission, and the signaling currents are

20

125

130

induced currents propagated over the line
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* . the bias referred to.

- -sociated in other relationships such as for
 example one acting-as a transmitter and the

~ other as a receiver “the inharmonious spring |
will be arranged in such a way as to oppose !
~ the bias whloh the line current will tend to.
o -gwe them. = . !
" While the manner of ellmmatmw the ooll;g-:mounted upon any suitable portion of the
frame work of the apparatus.
{ tion is shown in Fig. 13 and has been omitted
from Figs. 11 and 12 111 order to zwmd ob- ..

‘seurity.

I

; Wlthout in-any way dlsturbmﬂ' its oonduotwe
~ integrity or interposing appara.tus causing |
~ retardation of transmission.

- sistance of the apparatus corresponding to a |

10

qmgle operatoris so trivialas tobe negligible.

“When the apparatus is mterposed in a du- |
- 'plex or quadruplex system ‘the reeds em-
employed are preferably of such rigidity that -
- the currents utilized for duplex or quadru- -'
"plex transmission can have but little effect
~ upon them, and yet when currentsare passed |

‘The ohmie re- |

" through their a,tta,ohed coils in unison with

20

- side currents passing through the coils. I |-

30

 teract the tendenoy just- noticed, the former |
" figure showing two receiving reeds coupled
'. to*ﬂ'ether by a link G passing through a per-
S 'foratlon formed in a rubber sphere H and
o p1ov1ded with an adjusting nut by which the
- tension may be varied. Thlq sphere being |

35

-caused to vibrate.

to thh it hee been tuned. This defect ma

the beat or pitch to which they have been
‘tuned or adjusted, they will be promptly |
In some cases, however, |
‘it may be desirable to avoid the bias given a

- reed when the apparatus is used in one of
* these systems by the duplex or qua,d"uplex'
| eurrents.
reeds will have approximately the same ef- |

The strain of this bias upon the

' =-f-5o'3,530 .

whloh acts as a olosed seoondary clromt and

reduces the counter-electro-motive-force of
the coils.

“An impulse passing through one
of these coils will develop secondary currents

| in the copper ring which flowing in an Oppo-
site.direction to those 111 the 0011'5 Wlll faolh-
tate their passage. '

‘In Figs. 11,12, and 13 I have shown a trens—-

_mlttmg and receiving instrument or both in

75

which tuned strings or cords-are used as the

harmomo v1brator instead of the reeds illus-

‘trated in the figures helelnbefore described.
1 A smgle coll in this case may be used both

for transmitting and recewmg or may act as
a double transmltter or receiver.

8¢
The coil

{ floats or is suspended in an intense magnetic
| field formed by the pole-pieces N, S, of an
| electro-magnet; over theformer whloh 18 pref-
| erebly lemmated may be placed a conductive

fect as if a spring were attached thereto ren-

dering it sluggish to the influence of impulses

be overcome by coupling the reeds together

by means of an inharmonious or neutral
spring, Whlch by opposing orreleasing strain

ring 1 snmla,rly to the ring described in Fig.

10, and the ring may be formed. of iron so as

1 to form a path for the lines of force travelslnn'
v-{ the field as well asto form a conduotor for the
| secondary currents developed. The .coil is

{ pivotally supported by means of toggles L, L

{ upon armatures M, M’ mounted upon oords
'-'compensetes for any bias exercised by out- ;

organization in Figs. 8 and 9 adapted to coun-

J, J’, the tension or tone of which may be ad-
J usted by means of wing nuts K, K.
‘have found a rubber sphere 1o be admirably |

adapted for this purpose, and have shown an

In op-

erative relation to the armature Mis an elec-
1 tro-magnet P dlﬁerentlally wound and con-
-neoted *mth an operator’s transmitting circuit

90

05

in a manner similar to the- apparatus de-

seribed in connection with Fig. 1.” If the.ap-

‘paratus is adouble transmltter two such elee-

tro-magnets will- be provided, one for each

__,-ha,rmomo vibrator, and each will be coupled
in such a dﬂferentlal trensmlttlnn' cireuit,

~ inharmonious in its action will permit the |

40

- yet will oppose a tendency to separation by

- any

| 50

RE

I 6__0

influence exerted by a direct current..

‘reeds to respond to impulses corresponding |
to their rates, acting simply as a stiffener and

In Hig. 9 eeoh of tworeedsforminga double‘ e

'tra,nsmlttlng outfit is shown as prov1ded with
a separate rubber sphere for oountereotmg-

When the reeds are as-

retardatlon which I have described is the one |
I prefer to use, there are other ways in which
 its effect may be mitigated and which may be |
- used in conjunction with the plan hereinbe-
fore described or as an independent means of
'rendermg the coils chokeless.
in Fig. 10 I have shown a system of two in--
etruments, one of which may be the transmit- {
ter and the other the receiver, the coils being !

" coupled in series relation to the line a,nd

“netic fields.

= Ti-iﬁ—;-.--g — .

For example, :

:l :

and when the keys are depressed the SII‘IDD'S
‘willbe thrown into instantaneous vibration by |
means of the make and break at the contact
6, which is the oounterpa,rt of the contact 6
f 'deserlbed in Fig. 1. ‘The harmonic vibrators
J,J’ now beoome the counterparts of the reeds |

[OO

res

IIO

_desorlbed in Fig. 1 and each end of the coil
1'is vibrated 1ndependently of the other end in

&ccordance with the rate to which its con-
trolhnﬂ' string has been tuned TIn order to
prevent lateral deflection of the coil and im-

. pingement against the walls of the magnetic
field, cords O, O’ may have one pair- of ends

'aﬁixed to the corners of the coil the other ends

~“When the apparatus is to aot as. a double

_reoewer the magnets P and their arms will of
course be omitted, the arms upon which the
toggles are mounted being secured to the
strings in any suitable way. By using such-

1 a magnet on one armature, M, and Omlttlnﬂ"
“mounted so as to vibrate in independent mag- |

‘Overthecore of the electro -mag-
net creating the magnetic field is plaoed al
: oopper or other good oonductwo ring I, I’

it from the other the. appara,tus beoomes a

-combmed transmitter and receiver.

The instrument when in onerdtlon 1s con-
trolled by two sets of 1mpulses, one corre-

This organiza-

1§

{ of the cords being fastened to posts or studs -
120

[25

30
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| sponding to each of the strings J, J’, and the

motion of the coil will be a resultant motion
When the

due to these two sets of impulses.

- Instroment is acting as a receiver this result-

- theirown particular rates.

- IOQ

20

- 30

transmitter.
of the coil is in action but one of the strmgs

ant motion will be resolved by the strings

themselves into such components as will
throw the strings into vibration according to

are acting as transmitters the attached coil
will take a resultant motion which will throw
upon line currents of exactly the value nec-
essary to their reproduction in the corre-
sponding instruments at some other station.
When one of the strings acts as a receiving

agent 1t should be provided with a tremulous
~contact controlling a

sonnder cireuit -in a
manner similar to the recelvum reeds herem-
before described.

If desired nested coils may be used inde- |
pendently and fixedly attached to separate

vibrating strings. The strings will prefer-
ably be formed of metal or if made of other

“marterial measures should be adopted to pro-

vide for the circuit breaking operation at the
contact 6 when the apparatus is acting as a
If simply the tra,nsmlttmﬂ' side

will be vibrated and the coil will be given a

simple vibratory movement correspoudmcr to
the tone of the string. -

Figs. 14 and 15 show a modified form of con-

- struction of the combined transmitting and

35
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receiving reed instruimnent.

11.
ported upon two elastic arms Q, Q, Q’, Q’,

The 0peration of
the apparatus 18 similar in funection to that
described in Fig. 3. A single coil however is
used and 18 supported at opposite ends so as

to partake of a compound movement when
‘both the transmitter and receiver are in op-

eration, similar to the coil described in Fig.
Each side of the coil is pendulously sup-

“bent at their inner extremities so as to em-

e
O
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| Ilﬂ" reeds.

tion to the line.

‘brace the coil, and supported at their outer

extremities upon a yoke piece R, R’ secured
to the ends of the transmifting and receiv-
The transmitting reed has a co-
opera,tmﬂ' magnet and cireuit connections
similar to those deseribed in connection with
Fig. 1, and the receiving reed B’ carries a

_spring contact T controlling a lozal cireunit
including the receiving sounder.

Transm1ttmg and receiving anparatus in-
volving the principles he_rembefore described

‘may be used at two terminal stations and at

intermediate stations if required. When

used at intermediate stations the entire ap-

paratus at all such intermediate stations will

of course be in series relation to the line.

Two or more outfits at the terminal stations
may be connected in series or mulfiple rela-

should be adopted to prevent short circuits.
A line embodying a number of such instru-
ments simultaneously operating would con-
tain a mass of unintelligible impulses until
each set of impulses was pmked out by the

W hen both cords

If the latter, provisions

several instruments adapted to respond to

some component factor of the aggregate.

In Fig. 6 I bave shown an organization in
which apparatus constructed in accordance
with my invention Is interposed between the

| termini of a duplex system at two or morein-

termediate stations. In such a system two
operators may exchange signals, for example,
between New York and Bos*on, while simul-
taneously two or more operators are inter-
communicating with each- other between
Bridgeport a,nd New Haven. For example,
suppose an operator at Bridgeport desired to
communicate with -an operator at New Ha-
ven, while two operators at New York and
Boston were exchanging signals. By depress-
ing key a the operator at Bridgeport sets his
reed into operation, ereating upon the line
vibrations or undulations synchronous in pe-
riod with the vibrations of reed b. At New

Haven is a receiving reed b’ which corre-

sponds in rate to the trausmlttmﬂ‘ reed b,and

75
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when thrown into vibration will open 1ts

sounder or recording circuit and reproduce
the signal transmitted by the depression of
the key a. These undulations haveno effect

upon the operation of the duplex instruments
| at New York and Boston.

are of such rapidity that ordinary electro-

magnetic apparatus will not respond to them.
On the other hand the only effect of the cur-
rents used by the operators at New York and

90

The vibrations

05

Boston will be to give a slight bias to the vi- -

brating reeds at Brldﬂ*eport and New Ilaven
which Ui annoying may be counteracted in
the manner- hereinbefore deseribed. Simul-
taneously with the operation of the key a an-
other operator at Bridgeport may be manipu-
lating a key ¢ which will throw into opera-

100
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tion a transmitting reed d and develop im-

pulses which will traverse the line and throw

into operation a corresponding reed d’ at New

Haven., Similarly at New Haven are two
transmitting outfits ¢, ¢ which have transmit-
ting reeds fand h, to which reeds 1’y h' at
B11dﬂ'ep0rt will respond Assume that reed
b has been set to a vibratory rate of twenty
periods per second; reed d to thirty per sec-

ond; reed f at ﬁfty per second; and reed /v at

seveuty per second. We now have four trans-
mitting reeds operating at differentrates and

ITIO
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contmlled by separate keys, two beinglocated

at Bridgeport and two at New Haven. Sup-
pose that receiving instrument 6" be set at
twenty vibrations per second; d’ at thirty;
7’ at fifty; and &’ at seventy. If the key e

be depressed reed f will be operated at fifty

persecond,andreed f” willeorrespond thereto.
If both e and g be depressed f and £ will

I120
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throw waves at the rates of fifty and seventy -

upon line, which will be picked out of the
receivers f and A’ and reproduced at Bridge-
port. Similarly if the keys « and cat Br 1dﬂ'e—-
port be simultaneously operated reeds b and
d will throw upon line impulses at the rate
of twenty and thirty per second respectively,

I30
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. ingreeds being given sufficiently wide mar-

produemﬂ‘ a compo&ate set, of eleetrlc undu-
lations which will be resolved or analyzed by
the receiving instruments b’ d’ at New Haven.
‘These mstruments might be located at as |
many stations as may require service, the |

rates of vibration of the sets of correspond-

ginsto prevent Interference with one another.

The ad] ustabilily in the rate of the reeds of |-
the several stations enables the operatortoad-
~ Just his reed to counteract irregularities due
~to climatic effects or to eha,no'e the tone of

10

20
- signaling will be as hereinbefore described to -

35

his reed so as to bring it mto synchronism

-with the reed eorrerondmcr to the station he

mey desire to communicate with.

In Fig. 7 a single transmitting and receiv-

ing outfitis shown as mterposed at two inter-
- medlate Stationsin a quadru plexsystem. The

only tendency of the variation in strengthor
reversal of currents used for the quadruplex"

give a bias to the apparatus, which, if found

obJectloneble may be counteraeted in the

way: descrlbed The polar and neutral relays
at the terminal stations may perform their.

“In the system shown in Fig.7 the transniit-

tmcr outtit a, at say Br1dgeport will be ad-
30 ._
- outfit.a” at New waen and the transmlttmw'z ‘stress, and a kev for c]gsu]cr 3, ]_0(33,1 GlI‘GHlt

outfit b at New Haven will be mmﬂarly a,d-'i and releasing the vibrator, and circuit con-

- justed with reference to the receiving outfit
b’ at Bridgeport.

. IPatent 1§~
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1. A transmntlng genel ator for a Swnalmﬂ'

-~ system containing a chokeless coil supported
40

in a magnetic ﬁeld a harmonic vibrator for

‘vibrating the coil across the lines of forece
of said field said vibrator being normally |
strained, and a key and controlhng magnet
Afor. 1nsta.ntly reieasing the strain, Whereby Vi-

brations are mstantly sent to 11ne upon opera,-.
tlon of the key.

2. A transmitting generator for a swna.hncr -.1nstrument for:a harmonic- elgnellng eystem

- system comprising nested coils supported in -

a common magnetic field and mounted so as: magnetic field and attached to harmome vi- 115

‘1o vibrate: hermomeally inopposite directions. | brators of different rates.

~3." A harmonic signaling instrument com-.
prising two coils attached to harmonic vibra- .

eaoh other by mutual induction.
‘4. A harmonie

bretors of different rates.

field and attached to vibrators of dlﬁerentﬁﬂ
rates and independent means for actuetmg?

the several coils.

503,590

._m the sarne man'netl.o ﬁeld seld coils bemﬂ'

attached to. harmomo wbmtore of ad;mstable
rates-adapted to vibrate them across the field.

7. A signalinginstrument for a harmonic 7o

;teleﬂ"raph system comprising two connected
‘nested coils supported in the same magnetic
-field and attached to two hormome ad] usteble

1 vibrators having different rates...

8. Atranemlttmn‘mstrument forahermomo 75

telegraph system comprising a - normelly
strained harmonic vibrator, a coil of wire in
a magnetic field attached to said vibrator, a

key fm:' releasing the strain, and an electro-

‘magnet-and local conneetlons for maintain- 8o

ing the vibrator in 0pemt10n S0 lonﬂ' as the
kev is held closed.

- 0, A transmitting lnstrument f01 a ha,rmome
telegraph system comprising a coil- supported

in a magnetic field, said coil being attached 85
| toa harmonic v1bmtor an electro- magnet pro-

vided with a normally closed circuit for hold-

ing said vibrator in a state of stress, a keV

| a,nd cireuit connections for 1elea,smrr the vi-

brator and maintaining it in operatlon when g» -

| the key is actuated.
functlons independent of the harmonic sys- |

tem in operation at theintermediatestations. | :

10. A transmitting mstrument for a har-
monic telegraph system comprising a.coil sup-

| ported in a magnetiec field, said coil being at-

| tached to a harmonie v1brator a maﬂ'net for gg

;]usted 111 rato of vibration to the reeewmfr.-','normally holding the wbra,tor in a state of

| nections 1nelud1nﬂ' an. eleetro magnet and in-

1 terrupter to maintain the vibrator in aetlon 100

‘Having thus described my mventlon what 1 while the key is in signaling position.

. I claim as new, and deswe to secure by Letters_fé

11, A transmlttmﬂ 1nstrument for a har-

“monic telegraph system comprising a gener-

ating c¢oil supported in a magnetic ﬁeld said

coil bemﬂ' attached to a harmonic v1brator a 108
charged oleetw magnet for normally holdmﬂ'

the "irlbra.tor in a state of stress, a. dlﬁorentlel
winding on said electro- magnet ‘including a

signaling keyand an interrupter for opening
thedifferential e1rou1t at each wbretlon of the 110
| -Vlbretor

12. A combmed transmlttmn' and receiving

comprising two coils supported in a. COmmon

13. Aoombmed transmlttllnﬂ'-ond recewmﬂ‘ '_ I

| instrument for a harmonic mgna,lmﬂ' Syetem

‘tors of different rates and supported in a mag-: comprising two .coils eupported in the same

netic field and interconnected so as to aeelst | magnetic field, one’ serving as a. transmitting 120

’:aﬂ*ent and the other as d receiving agent, said

signaling instrument com- -coﬂs being attached to‘two hermomc vibra-

prising nested coils supported in- a common
magnetic field and attached to hermome w-@z |

tors havmﬂ' different rates. -
14.°A harmonlc ‘telegraph system compms—

'1ng three or more stations connected 'in se- £23

5. A transmitting generator compmsmgif ries relation by a.continuously closed circuit,

‘nested coils supported in a common magnetic | chokeless transmitting and receiving 11:1.3131'11-
ments at the several Statlons comprising har-
| monic vibrators and generating coilsfor origi-

T | nating electric vibrations, and similar vibra- 130
6. A signaling 1nstrument eompmsmg two |

coﬂe connected in series a.nd reversely wound-??

tors and receiving coils, the instruments at

--‘;the several stetlons h.:wmg dlﬁerent rates of

- - a . - . . . - -
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‘nating line impulses and harmonic vibrators
for receiving line impulses, the several vibra- |

503

vibration and their eoils being wound to elimi-
rate self-inductive drag.

15. A harmonic t(ﬂleo*mph system contain-
ing a series of stations connected by a con-
tmuously closed circuit, and inductionless or !
chokeless signal transmitting and receiving
mstruments at different statlons coopemtmﬂ
with harmonic vibrators of adjustable rates
of vibration.

16. In a balanced telegraphic circuit such
as a duplex or quadruplex, the combination
with the terminal stations provided with bal- |
anced signaling apparatus, of one or more in-
termedlate Sta,tlons included in the main cir-
cult provided with chokeless signaling appa-
ratus comprising harmonic vibratorsfor origi-

:

,590

tors at different qtatmns bemﬂr tuued to dif-

ferent rates.

chokeless harmomc signal transmlttmﬂ' and

receiving instruments lueluded in the same .

circuit e_ompus.nw_harmomc vibrators for
originating line impulses and harmonic Vvi-

brators for receiving line impulses, the sev-.

eral vibratorsat dlﬁex enfstations bem otuned. -
| 30

In testimony whereof 1 afﬁt m y swnanure in.

to different rates.

presence of two witnesses. -
STEPHEN DUDLEY I“IELD
Witnesses:
- R. EICKEMEYER, Jr.,
HENRY OSTERHELD.

20
17. A multlplex telewraph system eomprls--_-

ing a series of stations at two of which is bal-

anced signaling apparatus, and a series of
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