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“however,
which the percentage of loss of character is
large be introduced into the telephone cir-
| Muih siich further loss of character 1s en-
| erwred as to make the resulting vibra-
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*Ta all whom it may concern.:

Be it known that I, Louvis W. SOUTHG x'vr

@ citizen Of the Umted States, residing at
‘Worcester, in the county of VVorcesteL “and
State of Mass*ldhuqetts have invented a new
and usefitl Telephone Rehy or Repeater, of

which the following 1s & specification.

1t has been pmpesed by numerous in-

ventors since 1880 .to make a telepbone re-
lay or repe%tm by -using an electro-magnet
ar ¢ollm a first {*nmut, and a variable re-
sistance device or microphonein a second cir-
cait,including a new source of electricity,
'.,-u:.nl 1111{'101)110116 being connected to an iron
or steel diaphragm or armature mounted in
close relation .to the magnet, so that the
mmmplmne Wlll be actuated thereby While
it-is possible to make a telephonie relay or
repeater of this character, which will am-

it ¥, so far as T am informed and believe e,
ho telephone rélay or repeater has yet been

hrought te such practical point as to be
o, p.:fﬁe of commer cm] use.
LIS 16

The reason of
ﬂmt the sound vibrations of the hu-—-
man voice are made up of a complex series

~of fundamentals upon which are super: added
in 2 complex manner a o'rea,t variety of over-
tones  or hftt'momc_%
- harmonics give the timbre which
aid
- harmonics or overtones are very rapid, com-
plem and varied. -
~hoene, when the voice vibrations are trans-
}'mﬁd into electrical undulations or waves, a

hese wmtonoq or
l]{illeh tip
vhe chea mctu 1stie volce vibrations., These

In the ordinary tele-

loss of character occurs, and similarly when
the olectrie undulations or waves are trans-

{ated into vibrations of the receiving dia-
'-phrﬂum another loss of Chamdel OCCUTS.
But these losses of character in the ordi-

navy telephone are such that the resulting
yibrations sufliciently represent the inifial
voice vibrations to convey intelligenece. 11,
2 telephone relay or repeater in

wiony of the receiver of such poor character

g 1
7 this
._:i,hm*‘!i;h fepeatmﬂ‘ or relaying mechanisms
5 not at present commercially attempted, as

ol

-*fim Bt a1 !ength of

¥ in iﬁ#rq. |

w5 o oubtweigh the advantage of amplifica-
SL1Y ilbidiﬂﬂd by the relay or repeater. For
veasen, the . transmission of speech

and.m}t he: asgood as it would be over
ne without a repeater or

“or, diaphragm,.
n the, {}ther hand, 1f a 1"elay or' |

vepeater could be devised in which the per-
centace of loss of eharacter was small, the
dllll}hh() ion of the-current attained tll&ltb}
would greatly extend and facilitate tele-
phene service, as enough of the character of
the voice vibrations would be retained for
practical purposes. | |

The aim of the pmsent invention is, there-
fore, . to provide -a telephone relay or re-
pmtel 1 which the loss or character of the
meomning electric undulations or waves shall
be very small.

In the heretofore proposed tf,lephone re-
lays or repeaters operating on the principle
above described, several diflienlties have been
encountered. The fivst is the m agnetic lag ot
the receiving electro-magnet or cou. This

| 1s not a very nmtuml 1055 and can be prac-

tically neglected. T render this difliculty as

mmall as p()%’%lble by making the core of the

electro-magnet out of Lumnated soft 1ron,
s herein’lﬂu (leef*libed g0 that the tl‘:':msla,-—_
tion of the 1ncoimng L]E{‘h 1c undulations
into magnetic variations will be prompt.
The second and principal difficulty hereto-
fore encountered, I believe, i1s the mechan-

ical lag or iner tia of the inicr ophone, which

forms p.f,ut of the relay or rcpeater. The
force exerted by thé receiving electro-mag-
net of the relay 1s, of course, Very minute
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and only a fraction of the foree of the sound- |

‘waves originally 1mpacting on the origmal

transmitter. The inertia of the moving p‘tlt

or parts of the microphove in the rehy thus
- becomes such retarding factor that the small
- magnetic variations caused by the original
'oveltones will not actnate the mwmphone
~and, hence, loss of character occurs.
| wer in most forms of relays
| been heretofore proposed, a diaphragm-or
spring arm is interposed between the- (,lechf)-

which h: ave

magnet and the movable electrode of the
mmrophone so that not only the inertia of
the movable electrode, but also the relatively
heavy tension of the spring or resistance of
the diaphragm to flexure must, be overcome
to operate (he microphone. Because of this
difliculty, a further fault is ericountered, as,
when the movable part of the HII{:IOI)h{}II(‘
1s arranged in connection with a spring arm

o1 ﬂvqﬂn._-mm the same oby 1ously will be

90
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much more responsive to a tone which is the

same or harmonically the same as the -

“herent rate of vibration of the spring arm
‘ Hence, not only will the mis
¢rophoné be- more restonsive to this -note.

110
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- way this. is

£% _ 881,

v persistent dominaut note (which I
helieve is cansed by this capability of the
microphone (o respond more readily to some
particular vate or rates of vibration) is scon
strucly, and a stea 'y, loud tone proceeds
from the microphone, preventing the trans-
mission of speech. This second diffculty, I
bebeve, is the point whichhas preventad the

but g

development and iutroduction of a success-

sul relay ov repester. While it is impossible
to make a relay or repeater which changes
the forms of cnergy work exactly in phase
or step with the original vibrations, if the
loss of character can be reduced to a small
percentage, a relay or repeater can be ad-
vantageously employed, To overcome this
mechanical difliculty, I have devised the foi-
lowing velay cor repeater: The microplione
of my improved relay or repeater contains,
as ils prineipal nove! feature, an armature
which is unattached and which is held in
position simply by magnetic supension o
as to form practically s floating armature,

“held in position only by magnetic pull. The
referably done is to use two

separated carbon electrodes side by side, and

to use an extremely light, delicate, reed-like

armature to bridge the space between the
same, this armature thus forming with said
electrodes a simultaneous double-acting mi-

- crophone in which the armature is a third

40

45

"~ 50

~_character is-small.

':f'ings_' forming part o

movable electrode. This armaturé is held

1 critical contact with said electrodes by a

permanent magnet, the pull of which may be
adjusted..” The receiving electro-magnet is
placed in immediate proximity to said arma-
ture. The armature is preferably held up

agawmst the two electrodes by the pull of the
- permanent magnet.

By this construction,
the armature is most delicately suspended
and 18 capable of motion by a very slight
magnetic change. Further, as the said arma-
ture, by this construction, is made of ex-

tremely hight weight, its inertia will be very
Furthermore, as the armature is un-
- attached, that 1s as there is no diaphragm

. or spring arm in the device, one large factor |
' 10 the same
1 electrodes

small,

in producing the dominent tone is elimi-

repeater is produced in which the loss o

two .she'_e'ts of draé-;
this application, 1

In the accompanyin

“have shown what I now believe t0 be the

- 55 best way for practicing the invention, and

60

85

several modifications thereof.
Referring to said drawings, and in delail,

Ifigure 1 1s a cross-sectional view of a {ole-

hone relay or repeater constructed io em-
Body my mvention; Wi, 2 is a side yiew
of the operative parts thereof; Fig. 3 is a
plan view showing the constriction of the
microphone; IMig. 4 is o plan or face view
of the floating armature; Fig. b is a dia-

~nated. By these novel features, a relay or,

‘made u
series o . _
cach pole of the permanent magnet A. The

815

relay ean be unsed; Fig. 6 is a front eleva-
tion, and IFig. 7, a side elevation of a modi-
fied form of relay constructed to embody
wy Invention; and Iigs. 8 and 9 are dia-
grammatic views illustrating different ar-
rangements of the parts as modifications,

Referring to the drawings, and in de-

tasl, A designates a permanent magnet of

the horse-shoe type. A soft iron piece B
15 fitted to the legs thereof so as to be ad-
justable back and forth in the magnet. .\
brass-serew C having a thumb-wheel ¢ is
journaled in the apex of the magnet and is
tapped mto the adjustable piece B. By
turning the thumb-wheel ¢, the piece B can
pe adjusted back and forth in the magnet,
and thus more or less of the lines of force
shunted therethrough so that the strength
of the poles can be adjusted. Secured to
the poles of the permanent magnet, is an
electro-magnet K. This clectro-magnet 1is
of two cores, each comprising a
thin, soft iron strips secured to

strips of soft iron are preferably varnished
or japanned so as to be electrically insulated
from each other. Electricinsuﬂiting ma-
terial is preferably arranged between the
poles of the permanent magnet and the

cores of the electro-magnet, as indicated by

¢ heavy lme in Tig. 2, so as to prevent
short ciremiting of the microphone throngh
the permanent magnet. The usual bobbins
of 1nsulated wire are placed on the cores
to make up the electro-magnet E, and the
first cireuit 10—10 is -electrically connected

thereto. On the ends of the ele¢tro-magnet

hobbing are  arranged electrodes F—F,
which are preferably made of carbon.
These ‘carbon electrodes are preferably
plated on their backs with metal, and wires
are secuved thereto which are connected to
the relay or repeating circuit 11-—11. The
carbon electrodes F—IF are preferably
ground off smooth with the poles of the

“electro-magnet. The electrodes F—F thus

stand side by side with their wm'kigﬁ' faces
plane with said poles. ic two
11 !

es K—I are separated from each
other so that there is no electric counection

‘between them. Bridging the space between

the said electrodes, is an armature G. This

~armature 1s preferably made of a shape

Just about to‘eover the poles of the electro-
magnet and the carbon electrodes F—F.
This armature is made out of very thin,
soft ivon. The same preferably bas points
(-—q—-—1 bearving on the electrodes [f—-|¢
to formi a double microphone.  These points
miay be hitle earbon pieces or muy be simply
humps 1n the armature. When the arma-

Aure 1s made entirelv out of metal, I pref-

erably  platimum - plake Sthe  same. Four
pomits g—g-—gi~g are prefarably used, so

grammatic view illustrating one way. the | that there will be fwa neints in contact with
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each: electrode.

stracted is preferably placed in a glass
-envelop from which

the air is exhausted.

[ L

" This can.be done in a convenient way by

the leading-in ‘ires' of the two circuits |
10—10 and 1111 in said envelop, by-ex-

10

156

20

embedding the lower part of the permanent

magnet A in a glass envelop, by embedding

v

hausting the air from said envelop, and by !

sealing the same as an ordinary incandes-

cent lampis sealed. When the relay 1s con-
structed as thus-described, the same 1s ar-

ranged between the two circuits in any de-

sired manner, as, for example, as shown 1n

TFig. 5, where the incoming undulations in
a first-circuit which contains a transmitier

are relaved or repeated into a second CIr-
cuit which contains a battery and a receiver.
Of course, the relay or repeater may be con-
nected in cirenit in any other desired way.

“When the device‘is connected in circuit, the

25

piece B is adjusted so that the armature

will be brought to critical contact in_ the
mierophone. Then  the . incoming undula-
tions of the first circuit will be translated
into magnetic variations by the electro-mag-

pet, which variations will - be faithfully
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"The

copied by the strains
armature, which thereby will actuate the
microphone of the relay as said armature
forms 2 movable electrode therein.

~ In Figs. 6 and 7, a modification is shown.
This modification 1s made up of a base 12 |
and top 18, which are connected by screw-

threaded °rods 14. The rods 14 support a

hard rubber platform 15 by nuts 16, which
The said plat- |

are threaded .on the rods.
form carries.the two electrodes F—F. The

clectro-magnet E:is arranged below the mi- |

crophone, and the floating armature 1s kept

in position by the.permanent magnet A,

which is arranged above the microphone.

screw 17 to adjust the pull of the same. The

serew 17 is journaled in the top of the elec-

tro-magnet and screw-threaded into the top
13. The magnet A is held from turning
during adjustment by rods 18—18, which
project through holes in a small vuleanite or
rubber piece arranged. in the magnet. The
laminated cores of the electro-iagnet are
held in place by a brass clamp 19.

While it is preferred to have the float-
ing armature held up in contact with the

two electrodes, so far as the broad scope of

my invention is concerned, the floating ur-

mature can be arranged above the electrodes,
“as shown in IFig. 8, where the electro-magnet
 ijs shown as arranged above the same, or,

as in Fig. 9, where the electro- magnet 1s

shown as arranged below’ the same. The
permanent magnet A may or may not be

used, as desired, in these modifications. The

preferred form of the Jevice, however, is
¥5 that shown in Figs./l and 2, or Figs. 6 and

permanent magnet is adjusted by a

|

{

put on the floating |

prising a coil

e [ppp— P R e e I )

3

The reldy as thus con- ] 7, ivhereih the floating armature 1s held
up in magnetic suspension, the lines of force .

of which magnetic suspension are changed

by the action of the electro-magnet.

Many other forms of devices may be con-
structed to embody the principal features

of my invention without departing from the

broad scepe. thereof : as
claims. . . |

Having thus fully described my invention,
what T claim and desire to secure by Let-

expressed 1n - the

ters-Patent 1s:— -

1. In a telephone relay or repeater com-
prising a coil or electro-magnet and a micro-
phone, an unattached armature responsive

‘to magnetic variation arranged in the field .
of said coil or electro-magnet for actuating

the microphone. .

e

2. In a telephone relay or repeater com-
| prising a coil or electro-magnet and a mi-

crophone, a magnetically suspended arma-
ture responsive to magnetic variation for
actuating the microphone. = A

3. In a telephone relay or repeatér com-

prising a coil or electro-magnet and a mi-
crophone, a magnetically suspended unat-

tached armature responsive to magnetic va-

riation arranged in the field of said coil or

electro-magnet for actuating the micro-

phone.

4. In a telephone relay'--or repeater com-

prising a coil or electro-magnet and a mi-
crophone, an’ unattached armature arranged
in the field of said coil or ‘electro-magnet

and forming the movable electiode of the

microphone. | |

5. In atelephone relay or repeater com-
prising a coil or electro-magnet and a mi-
crophone, having a magnetically suspended

electrode otherwise free to move by gravity

in the field of said coil or electro-magnet. -
6. A telephdne relay or repeater com-

prising a coil or electro-magpet; and a mi- -~
110

crophone, consisting of two electrodes, and
a third unattached electrode actuated by
magnetic variation arranged in the field of
said coil-or eléctro-magnet. .

7. A telephone . relay ' or repeater  com-
prising a coil or electro-magnet; and a mi-

crophone, consisting of two electrodes and

| a third electrode actuated by magnetic va-

riation held in magnetic suspension in con-
tact: with the two electrodes. T

8. A .telephone relay or -repeater com-
prising a coil-or electro-magnet; and a mi-

70

75

80
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100

105°
responsive to magnetic:variation arranged

115

120

crophone having two electrodes and a third |

L unubtached electrode actuated by magnetic
variation lield in magnetic suspension In’

contact with;the two electrodes.

_ | or electro-magnet; and a mi-
crophone having an electrode actuated by

magnetic variation arranged in the field of
said electro-magnet or coil and a permanent

125
9. A telephone relay or repeater com-

130
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*

N Ve S - By Ty ] Fol frr o



a | L 981,815

magne{ holding this electrode magnetically ] side, and a third elecivode bridging - the
suspended in proper contact. ' space between the same, the poles of the 50
- 10. A telephone relay or repeater compris- %-electrb-‘magnet* and the electrodes being ar-
Img a coil or electro-magnet; and a micro- | anged in the same plane. _
phone having an electrode actuated by mag- | 17, A telephdhe relay or repeater compris-
netic variation arranged in the field of sald | Ing an electro-magnet; and a microphone
electro-magnet or coil, a permanent magnet | having two electrodes and a third electrode 5¢
~holding this electrode magnetically suspend- | responsive to magnetic variation, the two
“edyand means for adj usting the pull of the | electrodes being arranged inside of the poles

permanent magnet on said electrode. | of the electro-magnet.
. 1L “A telephone relay or-repeater compris- 18. A telephoné relay or repeater compris-

g a coil or elect ro-magnet; and a micro- | ing a permanent magnet, an electro-magnet, 60
phoney having an electrode actuated by mag- | and a microphone having a member - re-

netie variation arranged in the field of snid | sponsive to magnetic variation, a glagé en-

electro-magiet or coil, a permanent magnet | velop for the microphone, and means for
for holdling this electrode magnetically sus- | adjusting the pull of the permanent maghet . .

pendédd, and an adjustable piece for adjust- | from the outside of said envelop. 65
ing the pull of the permanent magnet on the | "19. A teleplione repeater having a receiv-.-
electrode. " - Ing circuit, a receiving magnet, a transmit-

12,- A telephone relay or repeater compris- ting cireuit containing a variable resistance
g ascoil op electro-magnet, two electrodes, . transmitting medium, and an -armatured -
"2 third electrode movabte by magnetic varia- | electrode conuecton between said magnet and 70
tion arranged in the field of said coil or.elec- | said medium, said cennection having unre-
tro-maguet, and a permanent magnet hold- | sfricted vibratory movement due solely to
~ing the third electrode in place in contact | the pull of the magnet and the weight of the
with the two electrodes, o | sald connection tol transmit current varia-
~ 13. A telephone relay or repeater compris- | tions from said recerving circuit to said 75
mg a coil or electro-magnet, two clectrodes, | transmitting circuit. |
a third electrode movable by magnetic varia- 20. A telephone relay having a receiving
tion arranged in the field of said coil or ¢ circuit, a receiving magnet, a transmitting
electro-magnet, and a permanent magnet in

cireull, a variable resistance transmitting
line with the electro-magnet for holding the | medinm in said transmitting circuit, and an 8o
third electrode by magnetic suspension in | arinature electrode connecting said magnet

contact with the two electrodes, and said medium, said electrode bemg ar-
. 14 A telephone relay or repeater compris- | ranged for free vibratory movement in g
mg a coil or electro-magnet’; and a micro- vertieal direction and positioned wholly by
phone having two electrodes, a third elec- | the action of the magnet and the welght of 85
trode responsive to magnetic variation, and | the arma ture cleetrode member thereby to
& permanent magnet above the microphone | vary the conduetivity of said medium and

_—t— N ol Se—— e ey S
Ll

for holding the third electrode in position. to transmit carrent variations from said Ie-
. - - i . - . - - ., L . - .
15. A telephone rélay or repeater cCompris- | celving cireulit to said transmiiting cireunit.
g a microphone cousisting of two elec- I testimony whereof T have hereunto sel 80

trodes, a third magnetic electrode, an elee- | my hand, in the presence of two subscribing
tromagnet, and 4. permanent. magnet ar- | witnesses. |

ranged above the ficrophone, 5 | LOUIS W. SOUTHGATE.
16. A telephone relay or repeater compris- |  Witnesses: - |

e an electro-magnet; and a microphone Pairar W. SOUTHGATE, -

comprising two electrodes arranged side by | Mary . FForpe.

" i
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