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UNITED STATES

PaTENT OFFICE.

STEPHEN DUDLEY FIELD, OF YONKERS, NEW YORK.

VIBRATORY TELEGRAPHY.

'SPECIFICATION forming part of Letters Patent No.491,168, dated February 7,1898,
Application filled January 7, 1892, Serial No. 417,249, (Nomodel.) | R

To all whom it may concern:
- Be 1t known that I, STEPHEN DUDLEY
FIELD, acitizen of the United States, residing

" at Yonkers, in the county of Westchester and
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State of New York, have invented certain new

and useful Improvements in Vibratory Teie-

‘graphy; and I1do hereby declare the following

to be a full,clear, and exact deseription of the
invention, Such as will enable others skilled
in the art to which it a,pperta,ms to make and
use the same..

The object of this invention is ﬁlbt to es-
tablish direcet inter-communication of intelli-
gence between two or more distant stations
by means of electrical vibrations or undula-

tions fo a greater distance than has hereto-

fore been pobsmle and second, to increase in-
definitely the distance limit of inter-commau-
nication by providing means by which the vi-
brations or undulations which communicate
the intelligence niay be faithfully repeated
from one electrie circuit to ancther. When
electric vibrations or undulations of a very
rapid character are transmitted over an elec-
tric circuit it is found in practice that a dis-

tance limit over which reliable communica-

tion is possible 18 soon reached. This is es-
pecially the case in fransmission of speech
and in sach systems of multiplex telegraphy

as utilize a great number of vibrations orun-

dulations on the line at the same time. My
present invention 1s designed to increase in-
definitely the distance limit of such commu-
nication. The result may be accomplished
by rendering the receiving apparatus more
sensitive; by providing transmitting appara-
tus which will produce greater fluctuations of

the transmitting current; or by using relays

~to throw upon the distant section of the line
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5O

electrical vibrationsor undulations of greater
electro-motive-force but of the same charac-
ter as those received by the relays. In car-
rying my invention into practice all of these
provisions may be adopted. |

The invention comprises an improved re-

ceiver of great sensitiveness to electrical vi-
brations, such receiver being capable of use
as a receiver in a simple circuit or as a a relay
for repeating vibrations into other cireuits.

It comprises also an improved means of

raising the tension of a current so as to give

the same a high electro-motive-force and ren- ! harmonious armature so closely in pmmmlty

[ der it capable of overcoming a great line re-

sistance, said means comprising-an armature
of an elect1 ic generator wound with independ-
ent circuits, one of which is connected to line,
and the other of which is connected to cm-

rentvarying devices in theloeal circuit, More
specifically considered the means for raising

the tension comprises a dynamo electric ma-

chine provided with carbon brushes on its

commutator and provided with two circuits,
one of which is operated by the undulations

the tension of whiech is to be raised, and the

other of which is connected to line eu'cuit
The Invention also comprises means for

preventing the absorption of vibrations of

great frequency or short period, to produce
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upon the receilving instrument a reaction -

which is a faithful reproduction of the action

of the transmitting instrument upon the line.

features of novelty which will be hereinafter

more fully deseribed in the specification and

definitely indicated in the appended claims.
In the accompanying drawings which illus-

trate the invention, Figure 1 1llustra,teb aSyS-

tem embodying my mventmn showing in de-
tail the apparatus at a station where the Vi-
brations or undulations are 'repe&ted from
one line” circult to another; Fig. 2 is an en-
larged view of the dyna,mo and relay or re-
ceiving instrument; Fig. 3 is a perspective
view of a repeatmn' apparatus showing the
method of isolating the same from interfer-
ing vibrations; Flf“b 4, 5,6 and 7 show differ-

'ent modes of drra,ncrinff 'the circuits of .the

dynamo electric machme by which the ten-
sion of the current israised ata transmitting
or repeating station; Fig, 8 is a detail view
showing a mode of pxeventlnﬂ' the absorption
of undulations of very rapid frequenecy in
their passage through the coils of the receiv-

ing or tI‘ELIlbII]lttlﬂﬂ‘ magnet; Fig, 9 illustrates

the brush used on the d}rna,mo electric ma-
chines of the system; Fig. 10 shows the ar-
rangement of cireuits on the generator.

I use the same magnetic arrangement for
transmitting, 1epeatmn‘ or receiving the elec-
tric vibrations or undula,tmn% In order to
obtain the necessary delicacy of armature
movement to respond to extremely weak vi-

brations I arrange the dmphra,ﬂ*m orother in-

0

The invention also comprises various other
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to the poles of an electro-magnet that under ! the potential of the current thrown upon line

ordinary circumstances the attraction inei-

~dent to the polarization of the magnet would

cause it to come into contact with the poles.
Such contact 1f permissible in receiving in-
struments-such as telephones would render a
faithful receiving of theline undulations im-
possible. T'o guard against such contact I
provide an air spring or cushion between the
diaphragm and the magnet poles. This may

be practically carried out in an efficient man-

ner by boring a hole through the core of the

- magnet or magnets and causing a stream of
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~compressed air to pass through this hole and

impinge upon the diaphragm. The air pro-
vides a separating medium of extreme mo-
bility and holds the armature away from the
face of the magnet without in any way ham-

pering its senmtwenessa sothat I am enabled

to use a diaphragm of ettwme mobility and

at the same time have it under an intense

magnetic stress by mounting 1t close to the
magnet poles. The air thus acts as a spring
or inharmonie elastic c¢ushion for the dia-

phragm opposing the normal strain due to

magnetic atfraction and permits me to use

an exceedingly thin and mobile diaphragm.

The loss of magnetic substance is compen-

sated for by a maultiplicity of polar faces

which by their distribution over the dia-
phragm aiford a:sufficient path for the lines
of force.
well known mechanical method. To guard
against pulsations or outside vibrations be-
ing carried through the compressed air to
the armature I arrange between the reservoir

- for compressed air and the tube leading to the

LD

L5

)5

‘magnet a separator consisting of a tube filled

with wire gauze partitions; orlayersof sponge
or other deadening substance may be substi-
tuted. This structure is illustrated in detail
in Fig. 2, where 3 represents a compressed
air reservoir in which the air may be com-

pressed by any suifable mechanism, and 4

represents a flexible tube which may have

thick walls of rubber or felt, between which

is inserted a separator 5 containing a number
of transverse wire gauze partitions which will
permit the transmission of the compressed
air but will deaden any vibrations tending to
pass from the air reservoirto the tube 4. The
electro-magnet as shown is multipolarin char-
acter, its core being perfomted for the trans-
mission of the Comprescaed alr which impinges
upon a diaphragm 6 and holds the latter out
of contact with the cores. The magnet and

its operative parts are preferably mclosed in

a vessel as 7, 7/,see Fig. 3, by which the dia-
phragm is proteoted from outside vibrations.
The diaphragm reacts upon a local circuit

connected with or forming a shunt to the ar-
mature of a dynamo electric machine so that
variations in resistance of this circuit cre-.

ated by the vibrations of the diaphragm will
weaken or strengthen the current flowing
through the armature

The air may be compressed by any

491,163

by the dynamo.

The specific organlza,tlon of apparatus by
which the changes in resistance of the shunt

circuit are caused by the diaphragm is simi-
larin character to apparatus described in Let-

A

ters Patent heretofore issued to me and num- |

bered 433,120, dated July 29, 1890. It ecom-
prises a back stop carrying a contact co-oper-

ating with a contact on the diaphragm, the

back stop being elastically mounted on some

75

inharmonious substance, as, for example, soft

rubber.
cuit of the dyvnamo shunt and in a shunt
around the contacts is placed a German sil-
ver wire nunder tension. When the resistance
through the contacts varies more or less cur-

The diaphragm contacts are in cir-

80

rent is shunted through the German silver .

wire which 1s of such tenunity that the varia-
tions 1n temperature developed by such

changes in current strength will cause it to-

expand or contract and follow or recede from

the diaphragm with great rapidityand repro-

duce in the shunt circuit the faintest vibra-

tions which are impressed upon the -dia-
At the trans-
mitting or repeating station I employ for the

phragm by the electro-magnet.

purpose of raising the tension of theline cur-
rent an apparatus in which there is a condi-

two cireuits of low and high potential respect-

devices, as, for example, by a polarized core
upon whieh are wound low and high voltage
coils, but the best device I have yet dlsoover(,d

ively. Thisresult may beobtained by-various

90

95

tion of magnetic stressand in which there are -
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1s & shunt wound dynamo electric machinein

which carbon brushes of a type invented by

Mr. Rudolf Kickemeyer are used; this type

of brush 1s illustrated in Kig. 9 in plan and
side elevation, and comprises a series of in-
dependentsprings carrying sticks of arclight
carbon. The local circuitinfluenced dlreetly
by the vibrations or undulations is in shunt

relation to one of the dynamo circuits and an
independent high voltage circuit is carried
from such dynamo to the outgoing line. I
discovered that the carbon brushes of

have

105
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the pattern referred torun so noiselessly upon-.

the commutator that when carrying current

no fret-or tear is noticeable in the most deli-

cate mechanism included
These brushes consist of a

in the - cirecuit.

bearing in aline upon the commutator. Their
efhclene} in such a system as this probably
results from the fact that a perfect contactis
maintained and no sparking occurs. The

-IIS

series of carbon
pencils carried by 1ndependent springs and

120

shunt dynamo has several veryimportantad-

vantages to a signaling system and especially
such a swna,lmﬂ* system as involves the trans-

‘mission of speech At uniform speed abso-

125

lutely uniform currents are obtainable and '

there is thorough absence of inductive re-
tardation in the passage of rapid electrical

vibrations, which eannot be S:'le of ordinary

wll and thus channe i electro- mawnots

130
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The circuits upon the dynamo may be va-

riously arranﬂ‘ed as 1illustrated in Figs. 1,2,
4, 5, 6 and 7. Iu Figs. 1 and 2 the armaturei

18 prowded with two independent cores, one
of which is wound with a low resmtance coil
03, and the other of which is wound with a
hlﬂ'h tension coil 0% In shunt relation to

- the low resistance armature is a separate

10

circuit O3 the coils of which are-fixed and

surround both the other armature circuits
and will influence both of them. Any fluc-
tuation of resistance in the loeal -circuit

therefore produced by the movements of the

- transmitting orrepeating diaphragm not only
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varies the magnetism of the low resistance

and thereby reacts on the high resistance eir-
~cuit but also acts directly on the high resist-
The latter is therefore affected
~ both by the direct action upon its core of the

ance cireuit.

shunt circuit O? and by the increased output

of the machine developed by the increased

excitation of the low tension armature.

‘The field-magnetof the machine may bo ex-
cited by a shunt from the high tension circuit
as illustrated.

In Fig. 4 is shown a system of wmdmﬂ' in

which the_ two armature circuits of the frener-'
~ator are wound upon the same core _b_ut de-

livertheircurrents to separate sets of brushes.
Surrounding the common core is the coil 0°
analogous in all respects to the coil o* of the
machme illustrated in Figs. 1 and 2.

In Fig. 5 the auxiliary exciting coil o? is

omifted and the low resistance ar mature coill
alone is relied u pou to vary the output of the'

machine.
In Figs. 6 and 7the coil o? is capable of
a,ntrula,r adgustment with relation to the ar-

mature poles or diameter of commutation of

the low potential armature so that its induet-
ive effect upon the armature may be varied.
The preferable mode of mounting - it is as

- shown to have it surround the ar mature and

mounted upon a fixed part of the dynamo
frame so as to be capable of partial rotation.

It is well known that rapid electrical vi-
brations experience a damping effect when

 caused to pass through a wire coiled parallel

50
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~length, any short impulses in the series will
be completely damped or wiped out so as to
have no effect upon the cores around Whlch

6c

to itself, the effect being greatly magnified

when the coil surrounds a core of iron as is
The more mi-

the case in electro-magunets.
nute the periodicity of the vibrations.the

more damaging the effect of a given length

of coiled wire. In some forms of apparatus
where the coils of wire are of sufficientlength
to give a strong magnetlzmﬂ' effect to long im-
pulses in a series of pulsations of varla,ble

they should circulate.. This defect may be
largely overcome by arranging a battery of

small magnets in series, each of a size to ac-

commodate the most minute impulses em-

‘ployed. The line currents after passing the

first magnet find a return through a con-
densger prowded between the coil or magnet

__th1 ough the set. -

and the one next in series, a more prolonged.
- 1mpulse serving to fill this condenser and en-

ergize the next magnet of the series and so on
To adapt this arrangement

to my improved receiver I proceed as in Fig. = -

8 where the current first passes through the
center coil thence through the one to Lhe right
and finally that of the left finding partial cir-
cmt in transit via the condenser shown.

75

‘Having thus described the several partsof -

my system I will now desenbe their arrange-
ment for co-operation in the transmitting or
repeating of electrical wbra.tlons or undula-
t1ons. |

two lmes termmate

In Fig. 1 is represented a statlon in which .
Both lines are normally . .

arounded through a coil of a receiving mag-.
'net and an 1mproved button sw1tch The'

80

dynamos used in the system are contmuously._; _

in action at a constant speed.- If the line
west is in action current will pass from line
wire a by way of coil b and wire e to switeh L

and ground by wire k. Any fluctuations in
the emrent on line causes variation at the

90.

points of contact in the relaying dl&phmﬂ'm .

and varies the resistance of loeal cireunit o

The operator at the repeating station apon

hearing a signal proceed from the western

instru ment w111 throw the switch L.to the left,
| thus providing for a repeating of the vibra-

| tions transmitted over the western line to
Every change of load in

the eastern line.
the local circuit'o’ developed. by the move-

95
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ments of the diaphragm of the instrument at

A will react upon the dynamo. Asshown in
the diagram an independent dynamo i8 pro-
vided for each circuit.
that as but a single machine 18 connected to

The

-Jt1s obvious however
| I05
either circuit at the same time one machine
‘might be made to answer the purpose.

switch bemﬂ' thrown to the left to conneect the

western lme to the eastern line cuts into ac-

tion the dynamo d’, closing a ecircuit for its

110

high tension armature 0011 throuwh wires k m

eontacts p q wire m’ coil b’ and. line. An ar-

tlﬁual circult 1s closed by way of circuit & m N

P g m' s coil ¢’ adj ustable condenser h and
wire & to earth. The auxiliary coil ¢’ and the .
artificial circuit just traced are for the pur-

pose of deadening the effect of the current on
the home mstrument

on the eastern side he will understand that

| the person at the distant end of the eastern
| line desires to break, when a reversal-of his

Should the attendant
note any irregularity in the signal going out

115
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switch will give the eastern operator the com-

mand of the circuit., When the switch 1s in

midway position both dynamos d and d’ are

detached and both relays are operated by

currents circulating through both of their
¢oils 1n series and ﬁndmw earth through their
_ The four arms of the
switch and the four pairs of co-operating con-

attached condensers.

123
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tact points. permit of either dynamo being
thrown upon the real and artificial lines cor-
responding to either the line east or the line =
west by a single movement, and in the nor-
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mal condition of the apparatus both lines

east and west can call the intermediate oper-

ator but are disconnected from each other.
Normally the inductive devices, in this case
the dynamo electric machines, are on open

circuit; as soon, however, as the switech I, is

turned the lines east and west will be thrown
into communicating relationship. The dyna-

mo raises the low electro-motwe-force of the

incoming currents to a high limit and will re-
peat faithfully fluctuations or undulations of
the calling or speaking circuit. The arma-

ture being in a condition of magnetic stress

the famtest fluctuation of resistance in cir-

cuit o’ will be transferred with maﬂmﬁed-

strength to the outgoing line. Ata termlnal
station the transfer switch L will of course
not be needed. The equipment of such a

station might be the ordinary equipment for

throwing signals upon the line whether the
impulses accompanying such signals be inter-
mittent, pulsatory or undulatory in character.

If a tension raising device such asthe dynamo

I have described be used the local cireuit will

be connected with the current varying de-

vices and the high tensmn circuit with the
line.

Having thus described my 1nvent10n what
I claim as new and desire to secure by Letters
Patent is:—

1. The combination of alocal circuit includ-
ing signal transmitting devices, a line circuit,
and low and high tension coils connected to
the respective circuits, said coils being in in-
ductive relation to the magnetic system of a
continuously operating dynamo electric ma-
chine.

2. In a signal or mtelhﬂ'enee transmitting
system a loca,l circuit contammn‘ Y &1‘2’[&1106
varying devices, a dynamo electric ‘machine
having such circult in shunt relation to a low
resistance armature coil, and an auxiliary
high tension armature 0011 connected to line,

| 3 The combination with a signaling sys-
tem, of a dynamo electrie-generator having
its. armature adapted to be connected to line,
and a shunt to an armature polarizing coil in-
cluding a local eircuit containing signal trans-
mitting devices.

4. The combination of a local circuit, a line
circuit, and a dynamo electric machine hav-
ing 1ts armature discharging through carbon
brushes into said circuits, the local circuit be-
ing in shunt relation to one pair of brushes,
sald dynamo electric machine being in coi-
tinuous operation during transmission.

5. The combination of a local circuit, a line
circuit, and a dynamo electric machine hav-
ing its armature discharging into said circuits
through carbon brushes having multiple and

independently movable carbon contacts, the

local eircuit being in shunt relation to one
pair of brushes, said dynamo electric machine
being in eontmuous operation during trans-

6. The combination of a dynamo electrle
machine having independent high and low po-

|

]
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tential windings on its armature and inde-
pendent pairs of brushes for the two windings,
a local and line circuit connected to the re-
spective windings, the local circuit contain-
ing current varying devices, and a coil elec-
trically connected to the local circuit, said coil
being in inductive relation to the hwh poten-
tial cll‘cult

7. The combination of a dynamo electric

‘machine having independent high and low po-

tential Wmdmﬂ's on its drmature local and
line circuits eonneeted to the respectwe wind-
ings, the local circuit containing signal trans-

mitting devices and being in shunt relation

to a 0011 inductively related to both armature
windings.

8. The combination of a dynamo electrlc
machine, independent high and low potential

jwze'mlchn*r:rs a line circuit connected therewithk

a local eircuit including signal transmitting
devices and a regul&ting coll connected with
the local circuits surrounding the armature
and fixed relatively to the line of commuta-
tion.

9. The combination of a dynamo. electric
‘machine, having independent high and low

potentlal wmdmo*s, a line (311'(31111] connected

with the high potential circuit, signaling

transmitting devmes connected w1th the low
potential cu'cmt and a coil controlled by the
signal-transmitting devices for varying the
output, said coil surrounding the armature
and being angularly a,d,]ucata,ble with relation
to the 11ne of commutation.

Y
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10. A transmitting or receiving instrument

forelectric Vlbra,tlon% or undulatlons compris-
ing an electro-magnet and an armature there-
for controlled by a gaseous retractile agency.

11, A transmlttmw Oor receiving instrument

for electric vibrations or undulatmns cCompris-

ing an electro-magnet and an armature there-
for' held l*etmcted by the pressure of a gase-
ous current.

12. A transmitting or receiving 1nstrumenf
for electric vibrations or undulations compris-
ing an electro-magnet, and a diaphragm or
other inharmonions armature therefor, said
diaphragm being held in a retracted position
by a current of air. |

13. In a signaling system a, relaymﬂ‘ or.re-
peating statlon at whmh the lines from the
terminal stations are normally grounded,
transmitting or receiving mstrument‘s at the
relay statlon in com mumca,tlon with each
line, each instrument being surrounded by a
vibration damping material for the purpose
described, and provided with externally pro-
jecting mouth or ear pleces, whereby an op-
erator may communicate with both lines,
means for reinforecing vibrations or undula-

tions from either hne, and a switch controlled

by the operator for placing this reinforcing
agency in operative relation to either line.
14, A transmitting or receiving instrument
provided with a wbratory armature, an elec-
tro-magnet, and a retractile agency consisting
of a stream of compressed air, means for iso-
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lating the armature from disturbing local vi-

bra,tlon and means for excluding VlbI‘&th]l
throu n‘h the stream of air.

15. A transmitting or receiving instrument |
for signaling systems operated by electric vi-

bra,tlons or undulatlons of varying frequency,
having sectional coils, each section having an
mdependent refurn path adjacent seetlons

being reversely wound, separate magnetic

clremts being provided for each section.
16. An eleet_ro magnet for responding to

-electric vibations of varying character, hav-
- 1ng a series of coil sections ih series success-

ive sections being reversely wound, a common
core, a pole piece at both ends of each sec-
tion, and an armature acted upon by' all of
the pole pleces |

17. An electro-magnet having connected at
one or more intermediate points of its convo-
Jutions, one or more condensers, said con-

20 -

denser being connected with a return path -

from the electro-magnet, whereby impulses of

different character may pass more freely.

18. A transmitting or receiving instrument
having a number of coll sections and one or 2
more condensers conneeted in shunt relation
| to the line and the several coil sections. .
In testimony whereof I affix my signaturein-

presence of two mtnesses.
STEPHEN DUDLEY FIELD

Witnesses: |
HENRY OSTERHELD

- RUDOLF EIQKEMEYER, Jr.
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