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UNITED STATES PATeENT OFrr

STEPHEN DUDLEY FIELD, O

STOCKBRIDGE, MASSACITUSETTS.

VIBRATORY MULTIPLEX TELEGRAPHY.

To all whonv ¢ neaiy corveeri:

Beitknown thatl, STEPHEN DUDLEY I'IELD,
acitizen of the United Sta“es, residing at Stock-

-bridge, in the county of Berkshire and State

of Massachusetts, have invented certain new
and useful Improvements in Vibratory Multi-
plex Telegraphy; and I do hereby declare the
following to be a full, ¢lear, and exact deserip-
tion of the invention,such aswillenable others
skilled In the art to which it appertains to
make and use the same.

This nvention relates to the transmission
of electrie signals for the various purposes to
which it may h adapted, and may be termed
generally a “vibratory multiplex- telegraph
a-ppa.mtusj” by the use of which simultaneous
transmission of any number of . independent
sets of signals may be effected over a tele-
graphic circuit by means of current impulses

‘whose Intervals are TﬂliOHSl}* timed for trans-

mission by special instruments, and which ave
at the receiving end of the cirveuit analyzed
for 1‘@1)10(1110’[1011 by an inharmonie receiving
mstrument or repeater and the different -_~,etb
of signals selectively passed to their own par-
ticular loeal receiving and sounding appa-
atus. |
1The objects of the present invention are
nanifold: first, I aim at the application to
vibratory multiplex-telegraph apparatus of a
dynamo-electric generator, or, rather, a series
of such generators, having very low resistance
and having practically no magnetic drag, and
theretore no retarding influence on the in-
struments at the distant end of the line; sec-
ondly, I propose to soimprove the devices con-
trolling the transmission-contacts that there
will be absolutely no variation of resistance
arising from the continual opening and clos-
Ing of these contacts under the conditions of
gleat speed of vibration and there will be
practically a total absence of sparking.

A further object is to have the vibratory
transmitting-instruoments normally inactive,
but at the same time so sensitively responsive
to the operations of the transmitting-kevs
that at all times during the momentary de-
pressions of the said Lew and the closing of

the specific tlansml‘rtmﬂ circeuit belonﬂmn to

such key the lel"ﬂtOl‘}* transmitter will t;:l]{e

up and uniformly maintain its exact prede-
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rate of vibration will throw into the main cir-
cuit alternating impulses of currvent in exact
and particular accordance therewith without
any digcordance or want of unifeormity, so
that the signals due to any particular trans-
1111’[1111&—111%11‘1111" ent will he =ent over the line

with the utmost ahmpneaa and definition,

A farther objeet of the invention is to pro-
vide at the distant end a repeating appa-
ratus entirely inharmoniein its chara cler and
adapted o respond aceurately toall the vary-
ing tmpulses or vibrations of current passing
over the line, and tosort these out and repeat
them in their proper order and relations into
a number of local receiving apparatus aect-
unating sounders or registers, or other devices,
as may be found best ‘*’Tam >l under the par-
ticular circumstances of use in any given
case.

Afurtherobjectis toso constructand organ-
1ze such an inharmonic receiver that 1t:; op-
erations will all be dependent either upon a

single coil or helixin the main cireuit, so that

the magnetic drag will be reduced to an in-
appreciable minimum, or unon a combination
of coils working either in mulliple are or se-
ries one with the other in such manner as to
entirely eliminate the magnetic drag, while
at the same time it can he successfnlly nsed
as a repeating device for actuating a large
number of independent contacts in ihu local
circuits of separate tone-receivers for the se-
lection and reception of a coreat number of
sets of transmitted impulses.

A farther object is the provision of suit-
able means of eliminating the spark due to
the extra currentfs from the m agnetic colils of
such tone-receivers.

To these and other ends my invention con-
sists in the construction, organization, and ar-
rangement of apparatus and devices, substan-
tially as herveinafter more fully described and
claimed.

In the accompanying drawings, which form
part of this specification, Iligure 1 is a dia-
grammatic representation of one of N1V 1m-
prm*ed tone-fransmitters and the ron‘[rmhpﬂ—
key adapted tosend the vibrationgcorre _.,.pond-
ing to it inte the line. Fig. 2 iz a modifica-
tion of the same. Fig. 3is a diagram illus-
trating in a general manner the application
of the appropriate features of myv invention
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to a complete apparatus for the transmission | overcome this very serious defect and obstacle

of signals. Fig. 4 is a diagram showing a
pair of transmitting apparatus connected to a
distant receiving apparatus through a single
line. Fig. 5 is a diagram illustrating the op-
eration of the inharmonic receiving or repeat-
Ing apparatus.
of a modified arrangement of the inharmonie
repeating apparvatus. Fig. 7 is an elevation
of the repeater alone in one of its practical
forms. Fig. 3 is a sectional elevation and dia-
gram of circuits of a practical form of what
Lterm a “tone-receiver” and “relay.” Iig. 9
18 & plfm view of thesame without its cireuits.
Irig. 10 18 a modification of the receiving-in-
strument, 1m which the magnetic drag 18 en-
tirely eliminated. Ifig. 11 is a modlﬁe ation
of the apparatus shown at i ig. 8, showing a
tuned fork with the coils reacting to produce
greater sensibility.
elemlv showing the m*rmwomom of circuits
of Fig. 10. T 1g. 15 shows a permanent .mag-
net for the field of the receiving-coil.
Referring to Fig. 3, T use a series of simple
Shunt-wmmd dynmno-eleetrie generators, G
G* G* GY whose shunt and armature cireuits
are so proportioned relatively to each other

1¢ same in-
ductive effect is obtained in both the shunt
and the armature circuit.

The e:
equalizing of the induective effect is such that
a-current from an outside source traversing a
oiven generator will have a tendeney to build
11p the shuntor increaseits magueuzm g effeet,
while it will, on the other hand, have a {end-
ency to take trom or decrease the magnetizing
effect of the armature, or vice versa. The ex-

tra currents produced in the coils of theshunt-

field will thus be of opposite character to the
extra currents produced in the armature, and
these two will therefore neutralize cach other
with respect to the production of any retard-
g effect 1 the cireuit-—that is to say, it the
armature shows a tendency to retard the cu-
rent the shunt will have an opposing tend-
ency to accelerate the current, and thercefore

this extra current effect will be annihilated.

Hitherto in the transmission of vibratory
currents the various transmitter - contacts
have been adjusted by springes. Such an ar-
rangement in very high speed vibrations hasa
Strong tendency to the most utter irregularity
of action by reason of the momentum of the
contact-lever giving it a tendency to fly away
from its contact at the moment of extreme
This tendency has given
rise to an 1nevitable Hutfering or jarring of
the contact-points, which ]ms the, effect of

causing a great momentary rise of resistance
at Sueh 1)0111’[ of contact, which, being in the
circuit at the moment, must 1166(,—3%&1’1]_}*_,1‘}1*0—
duce a correspondin g diminution of the

strength of current flowing in the cireuit,
which in- turn must necessarily cause great
irregularity and want of uniformity in the
action of the receiving-instruments at the
distant end of the line.

By my invention I

If1e. 1218 a dmﬂlﬂm Nore

Teet of this |

Iig. 6 1s a similar diagram

-

- CO11]

to successtul operation by substituting, either
wholly orin part, for the springs the attractive

- power of a permanent magnet so arranged

that, while drawing the contact-levers tightly
toward their stops or giving them the proper
normal tendency, it offers no resistance to
the vibration of the transmitter itself, except
at the actual mstant of breaking its hold,
and this occeurs at a moment when no bad
effect can follow either at the transmitter or
at the distant receiver.

One construction available for the forego-
ing purpose is illustrated” at Fig. 1, v,hele 2
represents a U-shaped perman ent magnet
having one pole, N, extended and turned
over so as to confront the other pole, 5. On
the pole N, I mount the two contacts 3 4, and
back of these on the same pole I mount the
adjustable soft-iron projections 5 and 6, the
adjustment being secured by a twh‘romnn-
nut. On suitable supports 1 arrange the ad-
justable contacts 7 and 8, w ]11(3]1 are both
connected to one pole of the generator G,
having interposed in each of the connecting-
lines the safety-resistance R, asshown, Piv-
oted to the pole S of the magnet or vibrator
2, not in direct contact therewith, but. close
enough to be inductively polarized to a suffi-
cient extent, are the two soft-iron contact-le-
vers 9 and 10, with platinum contaets corre-
sponding to the parts 3,4, 7,and 8. The per-
manent magnetism of the pole N, acting
through the soft-iron projections 5 and 6, and
the induaced magnetism (indicated by thelet-
ters n and s,) cause the two levers 9 and 10 to
be mutually pressed foward the pole N and

into firm contact with such other contacts as

are at the mowment in their path., The figure
shows the normal condition when the magnet
218 at rest.

The generator-circeulis are as follows: One
ter nnnal of the generatorisalwaysin connec-
tion with the contacts 7 and 8, and the other
terminal of the generator is constantly con-
nected to vibr atmg magnet 2. In the posi-
tion shown at Fig. 1 contact 3 is closed on le-
ver 8, while lever 10 is closed on contact S.
Lever 9 1s permanently connected to the line,
while lever 10 is connected to the oround or
to the next tone-transmitter, while both the
levers 9 and 10 are insulated from magnet 2.
By this construction when the parts arein the
positions shown the positive pole of generator
( 18 connected to earth, while its negative
polu 18 connected ﬂu*ouoh magnet, 2
5, and lever 9 to the line, When ﬂle magnet
o 18 caused {o move into its opposite po&ﬂmn
of vibration, the positive po]e of the genera-
tor is eonnected by contaect 7 with lever 9 and
the main line, while the negative terminal is
connected Lh]_ouﬂh the vibrating magnetf 2,
act 4, and ]_ever 10 with the ground or the
next tone-transmitter, thus reversing the di-
rection of current on the line. Durmﬂ these
movements back and forth of the pole N there
18 no fluttering of contacts or change of re-
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~astomake the current impul
- tinet no matter what may be the rate of vibra-

10

395,

sistances therein, as the magnetic attraction
exerted between the pole N and the soft-iron
contact-levers 9 and 10 is alwavs maintained
uniformly, and disturbances due to inertia

cannot take place, Consequently the opera-
tions of the contact-levers 9 a

ses sharp and dis-

tion of the particular tone-transmitter. In or-
der to effect a perfectly-uniform rate and am-

- plitade of vibration of the fork or magnet 2,1

20

- Cll'cmt 15 closed through bot:

f_'att.:leh to 1ts Q{ahm‘zm‘vlaﬁ an electro- mannef
K, arranged to have its core facing in (?10&0

proximity to the other leg of the maﬂnot 2,
ora soft-iron armature attached thereto. At
a suitable location on the upper leg of the vi-
brating magnet 2, I place an .m]uatfﬂ le Insu-
lated eomact 11, and below this a correspond-
1ng contact, 12 I wind the electro-magnet E
with wo eonductor differentially dlspoc,cd o1’
connected, as shown, and connect one pole of
the local battery B w ith the differential wind-
Ing in such manner that when the hattery-

1 windings their
combined induetive e[tect upon the core will

be nothing. The remaining end of one of

these Wllldlll“% runs to the eontaef 12, while

30

40

attr aeted

the remaining end of the other w 111duw 00es
to the anvil of the key K, the key K 1tself bhe-
ing connected with the othel terminal of bat-
{eryb. Another connection is made hetween
the anvil of the key and the adjustable con-
tact 11. Thus constr ucted, when the key
KK is depressed so as to tmlch its anvil the
effect 1s to close one of the differential ¢ir-
cuits on magnet I, and, encrgizing its core,
instantly attract the 01}1)05110 p::z-le of the vi-
brating magnet 2: but the instant this oc-
CUrs mnmc‘r s cloged between 11 and 19 2,
which immediately has the effect of nputml-
izing the magnet E, and the pole N is now not
n other words, the ¢losing of the

© key K instantly sets up the full rate and am-

15
“net 2, and consequently in exact accordame

50_

55
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plitude of the vibrations which correspond
to the fundamental tone of the vibr ating mag-

with the periods of make on the part of the
key I there will be sent into the line or main
circuit a series of alternating impulses of cur-
rent whose period of alternation exactly cor-
responds with the fundamental of the mwnet
2. When the key X is open, no such vibra-

tionsare produced, but ,Instead, a continuous

current in a single (111‘90‘{1011 traverses the line
from the ﬂ‘enemtor (v,

Referrnw now to Fig. \
Lmder%tood that the Vamou% tone-transmitters
T T T3 T ave-constructed to have different
fundamental rates of vibrations, and as each
one directly controls the current from itsown
special generator G G2 G° G they will all act

'mdependenﬂ\* of each other, and each one.

by the operaiion of its own key will IMPress
on the main line its own distinctive series of
vibrations of current, and each series will
correspond in character or rate with the fun-

damental tone of one of the transmitters, T.

, 1t will be readily

5

e e e e——mm Nt ==L U

T U ke T ke AT
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- will of course hege
wnc 10 will he such

CH

vuring the periods in which a given trans-
mitter 18 Plﬂlel‘ not under opemtmn or, when
I operation, not sending vibrations into the
main line, ﬂlG oenel atm* of sueh transmitter
enerating current, and sueh
erse the line continuously
without vibration or any other ¢change. Tt will
be observed that all the generators and the
transmitters are in series with one another in
the main cireuif, the ground or carth not being
reached until 1]16 W 11(}]0 series has been in-
cluded in the eivenit. I am enabled to make
this arrangement because of the total absence
of retarding effects or other sources of confu-
sion of Hl“ﬂ;ﬂ‘a hereinbefore noted, and also
from the 151(1 that the only 1(}&1%1;111({1% m the
entire system, as illustrated in T 129, 5 and
ave the resistance of the sensitive coil of the
repeating - instrument, the line itself, the
transmitter-contaets, which, as stated, are ex-
ceedingly low,the safety-resistances R, and the
1‘{}%15&1110@5 u[lhe oeNel ators (3 J(which of them-
selves, on account of the Iuw external resist-

current will traves

cance, will be very low,) and the general result

of all this isthe advant ace of beil ng able touse
1 very low clectro-motive force from each of
the gencrators and the consequent ability to
construct the Iatter of vervsmall dimensions.
For the average length of working-circuit T
propose 1o use gencerators each having an elec-
tro-motive force of about twenty volts.

In the event of a possible slngeishness of
the vibrating magnet 2 of I9ig. 1 at the mo-
ment of ¢closing the ey I T nropose to use a
modification which is shown in '] o, .3', 1n which
the magnet 2 will

be maintained in contin-
uous vibration at its fundamental rate, and
these vibrations will he sent 1o line hy means
of the key K The clectro-magnet E has its
contacts operated automatically by the bat-

tery B being permanently in the energizing-

clreuif, as 1111141.1’&4’1 and the 115111&-«111111111{1—
key I sends the Tmmtmx impulses of cur-
rent to line only when depressed.

As T proposge to transmit a large number of
different tones or sets of \1]}1{111(111‘% 1t be-
comes necessary to provide at the (hat.;mt 01
receiving end of the eircuit an apparatus ca
pable of separating these different tone im-
pulses and delivering each kind to itg re-
spective translating devices, such as tone-
relays actuating local %01111(1@15 or other equiv-
alent devices, For this purpose I have de-
vised what T term an “inharmonic repeater.”
Briefly, this device consists in a diaphragm
which is capable of responding to all sorts of
current variations, and is actuated by the
electro-magnetic chanﬂe% taking place in a
coil or coils which are included in the main
line and control the vibration of the dia-
paragm. The complete receiving apparatus
In one arrangement of circuits is shown dia-
ﬂlmmlmllca]lv at I'ig. 3, where the line or
main civeuit enters a em] 13,which 1s mounted
upon an iron core, 14, w Lich I prefer to mag-
netize by means of a separate coil, 15, in-
cluded in a 10@::11 cireuit with a batterv 16,
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~ sion adius’mble in a suitable manner.
euit, 27, 1s arranged between the diaphragm

45
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and adjustable rheostat 17, which serves to

adjust the conditions to suit the require-
ments. Afterleaving the ¢o1l 13 the line goes
to earth, (when working in one direction 0111}?'.
When working in both directions it goes to
the transmitting-keys as in ordinary duplex
mechanism.) Directly opposite the core 14
at the end which ecarries the coil 13, I mount
a diaphragm, 15, which 18 so arranged as to
be free {0 Vlbmte in accordance Wwith the
varying attractions of core 14, due to the vi-

bratory impulses of current traversing the:

main line from the transmitters at the dis-
tant station. On the rear of the diaphragm
I arrange a contact, 19, facing a contact, 20,
which 1s placed on a lever, 21, 11'10111‘11'9(1 to vi-
brate on knife-edges on the aupport 22, which
latter 1s 1ndepende]_11_ of the diaphragm 18.
At oneend the lever 21 is supported by a thin
wire, 23, having a riveted head or other
means of engaging with a soft-rubber spring,
24, which, like ﬂle dnaphragm, will not take
up any pm‘tu_ ilar tone 1o 1.115 exclusion of
others, but will be in that sense inharmonie.
The other end of lever 21 has attached to it
a long thin wire, 25, which can be to good ad-
rantage composed of German silver, and 1
term this a “thermic wire.” 1 make it of
(erman silver because of its relatively high
resistance and consequent tendency to heat
with the passage of eurrent, and I inake it
very thin in order to have it part with the
heat with the utmost possible rapidity, in
order that the wire will expand and contract
in prompt accordance with the vibrations of
current communicated to it.

The thermic wire 25 is supported at its op-
posite end by bracket 20, whieh is suitably
attached to the frame carrying the diaphragm
18, and is preferably arranged to have its ten-
A cir-

and the other end of the thermic wire, as
shown at Fig. 5, and this eircuit 1110111(1@8 a
resistance, 28 Shﬂnfed by condenser 2 and
the local cirenit then passes through the

rious tone-relays P P? P? &c., and a l)ﬂttew

30, is algo ineluded in this cireult.

Each of the tone-relays P is constructed as
shown at Figs. 8 and 9, where I give the pre-
terred form. A tubular magnet, 12° §*, is con-
structed; having the energizing-coil 31, with
battery 32 and adjustable rheostat 33, in a
local eircuit, by which means the mten‘ﬂ‘[} of
the annular. field of force betwveen the poles
n* $* may he suitably adjusted.
able %uppmt Ifixa vibi ating tongue, V, which
for each of the tone-relays will be tuned to
vibrate at a different rate, and will therefore
take up only its own rate of vibration. The
tongue V stands in close proximity to the an-
nular polar field of the magnet 2* s* and has
attached to it the annular coil ¢, and in the
polar field of the said magnet I fix the corre-
sponding annular coil, 02 so that the two an-
nular coils will face each other, one being
ﬁxed and the other movable, since it is at-

On a suits

tached to the vibrating tongue V. The two
coils ¢ ¢* ave differentially connected into the
circuit 27 of the repeating apparatus and the
various pairs of such coils are In series, asin
Fig. 5, so that the current from the 1‘61&} mng-
| attel*y 30 will pass through all of the %.;ud
pairs of coils and the 11111‘_)111%0% of current, ac-
cording to their rate, will be responded to 01113?
by the tonﬂues V which corr espond to such
rates. Fach tongue is provided with a back
contact, 34, and the. contact-lever 35 1s nor-
mally drawn into contact by means of the
spring 36, and the sounder-circuit is estab-
lished between the tongue V on the one hand
and the lever 55 on the other hand through a
local battery, 37, and ordinary sounder, 38, SO
that each of the tone-relays is thus provided
with its own independent sounder-circuit and
battery therefor.

It will be observed that the diaphragm 18is
absolutely untrammeled in itsmovement,since
no obstacle lies in its range of vibration which

can in even the slichtest degree act as a

damper to its movement. It thus differs es-
sentially from all such apparatus as réquire
the movement of the diaphragm to expend
part or all of 1its inel tia in imparting motion
to contact springs or levers or in effecting
changes of Jems’ranee bhetween two or more
local-cireuit contacts. Such.mechanical work
I throw upon the local battery and thermic
wire, and I use the diaphragm only to con-
trol the local circunit in the manner described,
and as this does not require the expenditiire of
any énergy whatever on the part of the dia-
phragm the latter is obviously totally unre-
stricted in the movements impressed upon it
by the arriving vibratory current impulses.
Thus Oonahuﬂted the opemtlon will be as
follows: Allthe different kinds of current im-
pulses coming over the linewill pass through
the dlaphrfwm coil 13, and will therefor
throw the diaphragm 18 into vibration in ex-
act correspondence with said impulses in ac-
cordance with well-known principles. When
the diaphragm is attracted, it breaks the local
circuit 27 at the contacts 19 and 20, and this
1111111edmiely causes the thermic wire 25 to
contract. Contact 20, being attached to the
lever 21, which 1s plvoted on knife-edges and
held in plaee by the strain of the soft-rubber
inharmonious spring 24, obeys the motion
given to it by the thermlc wire, which 1s obvi-
ously in exact correspondence with the mo-
tion of the diaphragm, since it is governed
thereby. A continuanceof the v 11)1‘&1310113 on
the main line through coil 13 obviously acts,
through the 111‘rerpoc41t10n of diaphragm 18, to
cause a motion of the latter and there sultant
breaking and making of the contacts 19 and
20 such that the latter respond to any and all
vibratory influences of the main-line currents,
and therefore the vibrations of the tr mlsmm
ters at the distant end are transterred into

tioned tone-relays P P? &c. The self-adjust-

ing-contact arrangemeunts just deseribed will

the circuit 27, which contains the above-men- -
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have thelr adjustment so arranged as to al-
ways break on the attracted movement of the
diaphragm and close immediately upon the
reversed motion of the same. The office of
the resistance 28 and the shunted condenser
29 1s to eliminate the vetarding effects due to
the extra currents of the instruments in the
circuit 27, and thereby to eliminate the spark
at the contaets 19 and 20. |

It will thus be seen that by the employvment
of a single coil, 13, for the purpose of receiv-
g and causing the transfer and analysis of
the various pulsations of current flowing on
the main line T have only to contend with the
small magnetic drag of a single coil, and this
will be so slight in the gencral result that its
Influence may be neglected. By winding thig
coil 13 differentially the system may be du-
plexed in a manner well known in the at,
and therefore not necessary to specifically
describe herein. It is evident that by the

- foregoing arrangement all retarding effects

or counter-eleciro-motive forces of magnetic
coils are practically eliminated from the main
circuit, and that in the independent local re-
lay-circuit 27, T have only to contend against
the retarding effects or counter electro-mo-
tive forces due to the mechanical movenient
of the armatures of the tone-relays. The
two substantially equal coils ¢ ¢? are in the
same magnetic field and are conneected in
such manner that the current will cireulate
in opposite directions in the two. The re-
sult of this arrangement is that the extra
current produced in each coil will be of op-

- posite sign, (as already described in con-
~hection with the shunt-generators G,) and

40

- which are not in harmony with a particular

45

therefore there will be no counter electro-
motive force to the arriving signals; hence
when both coils are motionless there is no
drag in their circuit, and signals passing

tone-relay will experience no retardation be-
yond that due to mere resistance. . When,
however, the movable coil ¢ on the tongue V

- Vibrates, a slight counter electro-motive force

18 set up in the cireuit 27.

1'his, however, is

- 1n strict proportion to the work done, and as
-1t 1s always accompanied by corresponding

5§50

increase of power, due to the sequence of vi-

~bration from the corresponding transmitter,

60

the effect is altegether harmonious. In event
of & comparatively short main line it is prac-

ticable to dispense with the repeating devices,

and 1n that case the various tone-relavs May

~be connected directly into the main eireuit,
- as clearly illustrated by Fig. 4.

Asamodification of the arrangement shown
at Fig. 5, the thermie wire 25 may be s0 ar-
ranged as to be shunted by a cireuit of low

-resistance, 39, and the various relav-cireuits
27, with their respective tone-relavs P P?, &e.,

and their respective batteries 30, will all be
arranged in multiple are, as shown at ig. 6.

In this modification the thermic wire 25 is
1

1

‘erently arranged. The contact is made

F

- —r— e ———— . —

with the diaphragm dirvectly through the
interposed soft-rubber spring 24, which now
18 placed under the support 22, and its
tension or strain acts to press the contact
20 against the contaect 19 of the diaphragm.
In the condition of no motion of the dia-
phragm, as shown in the figure, the ther-
mic wire 25 is shunted by the low - resist-
ance wire 37 through contacts 19 and 20.
When, now, the diaphragm is attracted, this
low-resistance cireuit is broken and the loeal
current passes through the thermie wire
alone, which instantly expands and restores
the contact hetween 19 and 20 on the attempt
of the diaphragm {o come backwardly, and
the motion and the varyving effects are re-
peated with the same results as in the form
shown at Iig. 5. In this multiple-ave arrange-
ment and shunted thermicwire I do not need
to use the shunted condenser, as there is no
actual break of the local civeuifl, but simply
a change in 1ts resistance.

Instead of providing a separate battery, 32,
and adjustable rheostat 33 for each of the
tone-relays, obviously a number of the latter
may be connected in circuit with a single po-
larizing-battery and adjusting-rheostat, be-
cause the various disturbing elements or
weakened currents which might take place
on the lime under any contingency would
affect all the tone-relays alike, and therefore
the common adjustment required would be
the same for each of the tone-relavs. Ob-
viously the annular polar field for the loca-
tion of the coils ¢ ¢* may be obtained by the
use of a permanent magnet instead of an
electro-magnet, as indicated by Fig. 13.

Heretofore tuned bars and strings have
been actuated by magnetic attraction and re-
pulsion as a source of motion for vibration-
receivers i harmonic telegraphy; but the at-
tempt to use them has developed certain ob-
Jections which prove very serious. There has
been an excessive magnetic drag due to the
clectro - magnets heretofore used, and the
tongues or strings once put in motion have
had a tendency to prolong the vibration after
the actuating impulse of ciurent has ceased,
and such continuved vibration would of course
prolong the signal, to the resulting mutilation
thereof. In my arrangement, however, the
coils, being closed on themselves and one of
them vibrating in a most intense magnetic
field, will experience a dampening effect, due
to the current set up by cutting the lines of
force while vibrating in a field independently
maintained, and must therefore come to rest
with great rapidity, and consequently the sig-
nals rendered will be sharp and distinet.

For some purposes of repeating the tone
relay or repeater illustrated in IYig. 5 may
be constructed with a diaphragm carryving the
coll ¢, instead of having the latter attached to
a vibrating tongue. This modification is illus-
tratedd by Fig. 10, which also embodies the
construction of a receiving-instrument which
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will have absolutdy no magnetic drag and
will act perfectly as a 1*epe:-1ter In this case
the diaphragm 18 has attached to it a hobbin,
40, on which are two coils wound side by slde
the cnds of both said coils being ]omed {0-
gether and their beginning ends (marked 41
and 42) being left open for connection, as will
be explamed These coils are an -anged to
stand 1n an Intense magnetic field similarly
to the instrument shown ait Fig. 8, except that
the two coils, or, more plopelly the double
coil, will be in thl% case attached to the lower
side of the diaphragm 18. Polavization of the
sald coils is obtained by means of a battery,
43,10 whose outer terminals the wires 41 and
42 are respectively attached. The line-termi-
nal 44 is connected directly to the middle of
the battery 43, and the other line-terminal,
45, or ground 1is connected to the joined ends
of the coil ¢, as indicated in the figure. It
will be observed that the battery 43, acting by
itself, will have no effect whatever upon the
ex‘remov polarization so long as no impulses
of current are traversing the line, because
the current of said batter} Szmply flows
around one of the conductors of coil ¢ in one
direction and comes back to the other pole of
the battery through the twin conductor of
the same coil by reason of the junetion of the
two wires at the terminal 45. An impulse of
a given direction now coming over the line
will take either path 41 or path 42 to reach
point 45, and, according to the direction, will
increase the current flowing in either one or
the other of the twin coils ¢, thus disturbing
the balance and producing motion of the dia-
phragm in accordance with the direction of
the current impulse which preponderates.
As a modification of the receiving appara-
tus illustrated by IFigs. Sand 9, I may use that
shown by Iig. 1] whmem ﬂ1e tubular field-
magnet 7° s° is used, but 1ts poles are slotted
out to receive one of the tongues of a vibrat-
ing fork composed of two tongues, V V2 at-
tached to a suitable support t and havmg A1
adjusting-clamp for the purpose of tuning the
1'espeet1ve instruments to their proper mte of
vibration. The leg V of the fork in this in-
strument occuples the same relative ¢ position
as the tongue V in IFig. § and has attached
to 1t the m]mﬂm* heh\ ¢, as in said figure,
The leg V* stands dir evt‘x under the lef V
and In the bl()t in the upper portion of the
field-magnet »n* §°, and this leg on its upper
surface has attached to it a second annular
coil or helix, ¢ the relations being such that
one of the annular coils plcwq inside the other,
and the two coils are joined in parallel or se-
ries into the circuit in such manner as to be
cumulative in their action. Thus, when an
impulse comes tending to draw the coil ¢ and
its leg V downwardly, the same impulse will
act to move the coil ¢*and its leg V? upwardly,
so that the vibration which is the resultant of
these two motions will be strong and sharp.

In this case the respective eontaeh of the lo- |

X
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cal-sounder ecircuit may be attached to the
free ends of the legs V V7, as shown, and for
convenience of euemtmg, the legs V V* mnay
be insulated from cach other in anyv suitable
manner. |

I claim as my invention—

1. In a vibratory mulUplex telegraph sys-
tem, two or more d} namo-cleetrie gencrators
having their armatures in series with each
other and theirfields each in plain shunt to its
own armature, in combination with a group of
pole-changing transmitting-keys, each adapt-
ed to ehmwo The polarity of its own generator
with respect to the general cirve ait without
opening the latter.

2. In a vibratory 111111111)1@\ telegraph sys-
iom a eroup of dynamo-electric oenerators in
series, a @011&%1‘)011(1111,3 oroup of vibratory
pole-changers provided with vibrating mech-
anism and respectively adapted to change the
polarity of their generators with 1991)0(?( to
the general civeuit at different rates of vibra-
11011, and a group of keys adapted to control
the operation of the vibrating mechanism of

md pole-changers.

3. In a multiplex- telegraph system, a pole-
changing transmitter having two magnetie
eonm(,t-levem and a \*1bmtmﬂ magnet Inter-
posed hetween them adapted to e:xelt an at-
tractive effect on said levers, in combination
with suitable pole-changing contacts on said
levers and magnet, \1]101 eln springs may be
dispensed with and their disturbing effects
prevented.

4. In a multiplex-telegraph system, a pole-
changing transmitter having iron eonhwt le-
Vers 111(111theh" polarized at their pivoted
ends and a \*1bmtmﬂ nmagnet-pole bhefween
their free ends, in Combmm_Lon with suitable
pole-changing contacts on said levers and
magnet, the polarity of said free ends and

sald interposed magnet-pole being of oppo-

site sign, so as to produce mutual attraction
of the levers toward said interposed magnet-

pole, substantially as deseribed.

5. In a vibratory telegraph system, a pole-
changing transmitter composed of a U-mae-
net having suitable contact devices, an elec-
tro-magnet interposed between the legs of
sald magnet, and a local battery and key in
circuitlocally with said electro-magnet, where-
by the operation of the key in the local cir-

~cuit starts the U-magnetin vibration or stops

1t, according to position.

0. In a vibratory telegraph system, a pole-
changing transmitter comprising, with suit-
able circwiting deviees, a vibrator whose vi-
brations are controlled by intermittent mag-
netie attractions, in eombination with an elee-
tro-magnet 1n cireuit loeally with a local bat-
tery and a key adapted to send the local cui-
rent through said magnet, and thus control
the lemtor, Sub%tantmll}r as described.

. In a vibratory telegraph system, a pole-

ehannmﬂ transmitter comprising, with suit--
able m**euﬂum devices, a tuned fork hawnﬂ
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between its legs an electro-magnet energized
by a local battery and having a neutralizing-
coil In addition to its energizing-coil, and con-
tacts suitably arranged, the whole so eon-

structed and adapted for operation that when |

sald electro-magnet is energized it attracts
sald forlk, and thereby closes the civenit of
the neutralizing-coil and the attraction there-
upon ceases, and thus the forlk is automati-
cally vibrated. | |

. Arelay or repeater for vibratory cur-

rent impulses, congisting of a coil in the main
line, a diaphragm arranged for free and un-
obstructed vibration responsively to said vi-
bratory current impulses and located within
inductive range of said coil, a" local cireuit
having automatically - adjustable eontacts
actuated by said diaphragm, but depending
tor adjustment on devices in the local civeuit,
and receiving devices in said local cireuit.

S Ina vibratory multiplex-telegraph $YS-
tem, a combined tone receiving and distrih-
uting apparatus comprising a coil in the main
line, a vibratory diaphragm of inductive ma-
terial arranged for free and unobstructed vi-
bration responsively to all current chan ges in
sald coil, a local civeuit having adjustable
contacts actuated by said diaphragm, but de-
pendent for adjustment on devieces in the lo-
cal eircuit, one or more relays in said local
circuity, and local sounders controlled by the
relays.

10. In a vibratory multiplex-telegraph sys-

tem, the receiving apparatus comprisng the
following elements in combination: first, a
coll or helix in the main line, and within in-
ductive range thereof a vibratory diaphragm
«apable of responding to the changes of cur-
rent in the line: second, a single pair of back
contacts controlled by said diaphragm and
included in a loeal cirenit containing tone-re-
lays, and, third, a group of tone-relays in the
local ecireunit respectively adapted to vibrate
at rates corresponding to those of the varions
transmitting-instroments, said haphragm he-
ing adapted to operate its back contaets in
accordance with the impulses on the main
line, and said relays being adapted to select-
ively respond to the loeal current Impulies
thus set up. |
I1. A repeater or relay composed of an

electro-magnetic coil, a vibrating diaphragm

responsive tocurrent changes insaid coil and
having back contacts, one moved by the dia-
phragmand the othercontrolled by a thermie
wire or rod adapted to expansion and con-
traction by the presence or absgence of cur-
rent therein, and a local cireuit including said
contacts and thermie wire or rod and one or
more receiving-instruoments.

- 120 A vibratory or harmonic repeater or re-
lay comprising, with a diaphragm and its
actuating coil or coils, a wire controlling the
back or loeal contacts and in the loecal cirenit
and adapted to be momentarily expanded by
the local currents, substantially as described.
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15. In a repeater or relay wherein the line-
currents effect the vibration of a diaphragm,
the combination therewith of a thermic wire
m a local cireuit containing a battery and
contact deviees forsaidlocal cireuit controlled
by the thermie wire, hut actuated by the dia-
phragm, and mechanieal connections between
sald thermie wire and contaet deviee.

14 In a
carrents effeet movement of one member of
therelay, the combination, with such member,
of a thermic wirein alocal ¢ircuit eontaining
a battery and contact deviees for said local
cireuit controlled by ihe thermic wirve, huat
actuated by said movable member, and me-
chanical conneclions Detween said thermic
wire and contact device. |

1o, Inavibrating telegraph system, a tone-
receiver comprising a tuned vibrating tongue

- or fork having suitably-armanged sounder-

contacts and carrvying an actuating annular
helix fixed to said tongue and located in an
annular field of foree, whereby said helix sets
the tongue vibrating in response to the cur-
rent impulses sent through it.

16. In a vibratory telegraph svstem, a tone-
receiver comprising a tuned vibrating fork
having an actuating annular helix fixed fo if,
In combination with a tubular field-magnet
for polavizing the ficld in which said helix
Noves.

7. In a vibratory telegraph system, a fone-
receiver comprising a tuned vibrating fork
having an actuating annular helix fixed to
it in an annular field of force and a second
annular helix stationary in the same field,
both said helices heing included in a common
cirenit, and one helix movable in «aid feld.

Is. In a vibrating telegraph system, a tone
receiver composed of two similar reeds, each
carrying an annular helix, the two helices
belng in cirenit together and arranged one
inside the other in the same field of foree.

100 Ima vibratory telegraph system, a tone-
receiver composed of two gimilar reeds, each
carrying an annular helix, the two helices
being 1n eircuit together in the same field of
force and the reeds being adjustable as to
piteh.

20. Ina vibratory telegraph system, 2 com-

- bined tone-receiver and relay composed of

two stmilar reeds of the same piteh, each car-
rying an actuating-helix, hoth helices heing in
circuif together in the same field of force and
each reed provided with one of a pair of con-
tacts for the local eirenit.

21 Inavibratory telegraph system, a oroup
of Two or more tone-receivers of different
piteh in the local circuit of a general repeat-
mg-mstrument adapted to respond to and
analyze the line-currents and repeat them into
the local cireuit, in combination with a local
batters and sounders, one for each {one-re-
cerver,

22, A recelving-instrument for alternating

il Md

- current impulses, consisting of a vibratory dia-

50 i

repeater or relay wherein the line-
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phragm and a pair of coils wound side by side | In testimony whereof Taffix my signature in
and controlling said diaphragm, both ecoils : presence of two witnesses.

- ———

yeing at one end connected to earth and at | " VT Y RTRTT
being at one end conneeted to earth and at STEPHEN DUDLEY FIELD.
the other to the tferminals of a battery to | | |

5 which the main line is connected at an inter- | Witnesses:
mediate point, whereby magnetie lag 1 such JAMES LI. PANDERSON,

instrument is elimimnated. | LAURENCE RYAN.
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