E I“

vl

o4 TRANSWITTING MECHAD
APFLICATION FILED SEPT. 17, 1814,

e
k-

T

Pl

L
| W

2 SHEETS—SHERT 1o

Ly

Prin



E. GRISSINGER,

SPEECH TRANSMITTING MECHANISH,
APPLICATICN FILED SEPT. 17, 1914,

15%@5,638, - . S Patented Nov. 91,1916,
) | - | R ,zs_riEEfrﬁ-—SHEET_z.




10

1b

20

1,205,618.

ting Mechanism.

UNITED STATES PATENT OFFICE.

BLWOOD GRISSINGER, OF BUFFALO, NEW YORK, ASSIGNOR TO AMERICAN TELEPHONE
AND TELEGRAPH COMPANY, A CORPORATION CF NEW YORK.

SPEECH-TRANSMUTTING MECFHANISI.

- Specification of Letiers Patent,

Patented Nov. 21, 1916

.&piﬂlcatiqn filed September 17, 15814, Serial No. 862,132.°

o oll whom £t may concern:

Be it known that 1, Erwoon GRISSINGER,
a..citizen of the United -States, residing at

Biiffalo, Erie county, and State of New
York, have iunvented the following de-
scribed Improverdents in Speech-Transmit-

L L]

The invention is an improvement i means
for: faithfully reproducing as mechanical
vibrations, the complex frequancy wave
forms such as are.characteristic of human
voice waves, and is particularly applicable
to- telephonic transmission of speech.

By my present invention;-the resilience

of:fa- torsional pivot is applied through a

lever element, to impart a ‘high natural
frequency or pitch to the vibratory system

of the mechanism, such as will avoid the
necessity of vibration at said naturgl.fre-
quency and thereby substantially eliminate

all ‘distorting effects such as are nhow-comi-
monly produced by mechanical resonance of
such! devices or théir mechanical elements.
“An important feature of my inventioniis
the discovery that it is -possible to ‘thus

eliminate mechanical vibiation at the Iiat-

ural frequency, without making the natuaial
freduency above the Timit ‘of andibnlity nor

~anywhere near that higl'; nor need it even
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be above the limit of frequencies miportant

to human speech, provided: the irequencies.

selected be substantially above the highest
resonant frequencies of the vowel sourngls.

i faet, one very practical embodiument.of
my. Hivention, involves. selecting. a natural
frequéncy slightly bat substantially above
tlie highest resonant frequency of the vowel

sounds.  Suel a deviee,.while  never effeg-
tively excited at-its matural frequency,- can

be designed to eause n slight magnification.

of the higher vowel frequencies which will
be progressively greater as the Trequencies

are Digher and . Lhence nearer the resonant

frequency. Such magnifieation is admira-

46 bly adapted for- correcting the ‘distortion

due to capacity in long transmission’ hines,

which,. as is well known, operates to atten-

Cunte the higher frequencies more rapidly

bO

than the lower frequencies. In-other words,

while avoiding-tlie distortion which, results

where the natural frequency of mechanical

vibration ie-¢h¢ same as a prominent. humnan

voice frequency, I may, in certain cases,.
-qtilize the graduated magnifying efiect of.

corrésponding .

approaching, .{.hougﬁ stiil sﬁbsﬁanti-a,l_ly dis-
tant, mechanical resonance, to mechanically
compensate for the reversely graduated,

losses due to the electrical defects of the’

line. L - o |
In order that the invention miay be fully
comprehended 1n 1ts relation to apparatus
of the prior art, it will be useful to explam
certain of the conditions affecting the trans-
mission of speech by means ¢f telephonic
and mechanical instrumentalities.: |
The sound waves of speech are very com-
plex. Their frequencies vary: from some-

what below 130 periods per second to some-

what above 2000 periods per second, with.
variations

which are represented.by thé’words ‘bee
gloom, pit, no, pet, raw, mat, father; 'a"n‘t'if‘
which comprise the entire range of the ed-
sential sounds of articulate !jéépéech. Har-

“monic analysis of. the waves of:vowel sounds

shows that for each vowel spund, there is
a frundamental frequency which.contiols the
pitch. - Superposed ‘upon thisifundamental
are n-number of overtones or hjrmonics, and

these control -the quality. ~At the same

time, betwéen the fundamental dnd the high-
est observable harmonic, there. is found a

vount on-the scale of frequencies, where the
; ¥y - -

intensity of the sound is very.much greater
than at any other point on the scﬂ{e?fflge
quencies. This point may betermed a point
or region of resonance. There is thus a reso-
nanea region for each vowel, which is prob-
obly e to the shape of the mouth cavity
through which the'sound passes. L

wt '

I have . ascertained that the regions of .

in . amplitude.
‘There nre eight fundamental vowel sounds -
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resonance of the different vowel sounds o¢- !

scnle of frequencies and that the region: of

resonance of the snme vowel sound s’ found
‘at approximately the same. point on the scale .
‘of frequencies irrespective of the individual: -
uttering the sound, whether it be a man, .
woman or child. The fundamental of & par-,
ticular vowel sound spoken by & man of
low piteh voice-may be found at 125 periods
per second. and the region of resonance of

cur respectively at different- points on the’ .
80
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that vowel sound is about 900 - P. P, 8, or -

about the 7th harmonic. The fundumental
of the same vowel sotind spoken by n wom-.

105

ah may be found: at 250-and the region of

yesonance will again be. found at about 900
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same point on the scale.
*15{1~1t‘1med that the lowest region nf reso-

periods per second or between the 8rd and
ik harmonic. The region of resonance of
a vowel sound is tlmt region on the scale

of frequencies where 1g fmmd that part of -

the -composite sound which is of the. great-
est intensity, and it is hence the principal
factor in speech transmission.
be said, as some may have thought, that. the

-nn]mltmt frequencies of speech transmis-

sion are represented by any particnlar har-

‘monic, because, us stated above, the funda-
mental of a particular vowel sonnd may be

found at various different points for differ-
ent speakers and the liarmpnics accordingly,
while the region of resonance of that vowel
sound  will alxmvs e founcd at about the
Fumllv I hive

nance of any vowel soundi 1sat .1lJout 250 P. P,

5., and the highest region of resonance

of any vowel sound at about 1000 P. P.
5., and that if an instrument for transmit-
ting or translating speech waves be so con-
structed or modified as to possess a natural
frequency which is very high and at or

somewhat above the maximum of this range,

it will transmit or translate the waves with-
out distortion, and I have disclosed and
cleimed such aninstrument in pending ap-
phications filed by me on April 27th, 1910,

- Sertal No. 338,045, and May. 19th, 1‘)11
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Serial No. (28, 1—15 respectively.
When 'dlstm tion of a sound wave is re-
férred to, it is intended to mean that the at-
tempted 1eprodnctmn of such wave has re-
sulted "1n the reproduction of different
pitched tones in cifferent degrees of loud-
ness, assuming the imtiul lowdness of each
tone to be the same. An instroment having
a high natural frequency is one in which
the f1equenm of the w hole vibrating system
when struck or set in motion and allowed to
vibrate freely by itself, is high, which quali-
fication "1s suitably et in a telephone re-

peater when the fundamental frequency of

the vibratory element is about. 1000 P. P. S.;

for transmitters of telephones 1t should be

about the same, but it 15 of no consequence
1T righer, moept that the higher frequencies

are niore dlﬁu,uitly obtained and preserved.

To meet this requirement the mass or inertin
of the vibrating system may be reduced or
the stiffness IIK'I'CJbEd or hoth.
in the inertia of the mm-'lhle systemr or of
the stiffness (elasticity) of the parts com-
prising the movable system, will canse cor-
responding variations in the sensitiveness of
the device. The sensitiveness with which
any vibrating system responds to # given
gxciting foree is ayeater, the smaller its 1nass
or lllcltl" and the less the stiffness {(elas-
ticity), and .it is therefore desirable to ob-
tain  the required high fundamental fre-

~ quency for the vibr atmtr system by reducing
its mass mthel than mcmasmg its stiffness,

It cannot

‘wise. The attachment of the .

Yariations:

1,208,618

the eliminatiog  of dlstortwn being th.
prime object, but the reduction of the mass
1s of course limited by the practical necessi-
ties of construction requiring simplicity and
permanency of adjustment.

In. the accompanying drawings: farmmfr

70

part hercof, I have illustrated the apphca—- |

tion of a member subject to torsion as o

means of imparting a high nateral fre-

quency to vibratory systuns, which without "

it would have a frequency so low as seriously
to distort. the transmitted waves;

- Figure 1 illustrates the use of such torsion
members on a repeater of the kind referred
to in the applications above mentioned, the
parts not directly related to the ﬂbratory
system being 1nd1cated more or less conven-
tmna]l)f ; Fig. 2 is a top plan of the parts of

. 1; Fig. 3 i%wm section on line: III—-—-—-—III
uf Flg 1; %‘ % 418 & pection on line IV—IV
of Iig. 3; Fig. 5 a longltmhnal section
through the torsion member; Ifg. ¢ illus-
trrates the application of a torsion member
to an ordinary speaking transmitter, the
parts being shown in section; Fig. 7 is a
sectmn af F 12. 1 on line VII—VII of Fi g
6; Fig. 8 is a perspective detail of the form
of torsmn member shown in Fige. 6 and 7;
Figs. 9 and 10 ave details of the lever. and
the bracket as used in Fi gs.-6 and T.

Referring first to the sunpler structure—
the transmitter—as shown in Fig. 6, etc., thc
chambered base 1 of the transmitter carries
a pair of brackets 2 (Fig. 9) which are se-
curely screwed to it mth their sockets in
nlinement.” The rod 3 is fitted snugly 1nto

the sockets of these brackets and is secured

therein by serews 4. Between the brackets

the rod supports an arm: or lever 5, for

which purpose it is enlarged at its u,nter s
indicated at 6 in Fig. 8, aml the hub of the
lever hits the enlmgunent tightly and 1s se-
cured fast thereon by a set screw or other-
arts . men-
tioned is secure against any possible turning
of the lever on the bracket-supported rod.

5
80
85
90
95

100

105

110 -

The lever .5 1s connected at its other end

with a nwovable electrode .of a microphone
cell 8 of any suitable type, but preferably
having a movable electrode  of extremely
light mass so as to be as sensitive as possible.
The movable electrode is connectel to the
lever, firmly, hy clamping the latter to it
with the nut 9. The stationary part of the

cell is held b a bracket 10 screwed to the.

back of the baqe or frame, the cell itself be-
ing conveniently disposed - in an  aperture

in such frame. Inter mediate of its ends the
. lever 5 is connected mth the diaphragm 11

of the transmitter, such conngction also be-

ing a firm one such as can be had by mieans -
- of the stem 12 screwed and locked to the

lever and clamp ed to the dmphm‘rm by =

pair of nuts 12‘ or otherwise. The dla-. o
130

phragm is plamped to the ﬂ‘anm by a rmg—

115

120

125



10.

- 20

- emiployed to this end. Depending upon-the
“material of which the rod is made, its diam-
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nut and is inclosed and protected by a cover

bearing the mouth-piece of the transmitter,
but it might be supported solely by the lever
if preferred. The rear of the frame is also
closed by a casing with & hinge lug by means
of which the whole device may be mountea
on an appropriate stand or support.

The rod 3 is the torsion member, held se-

curely at both ends in-the brackets 2, and
the vibratory movergent of its lever arm
takes placé about the axis of such rod as &
ceniter and against the said member’s elastic
resistance to torsional displacement, that 1s

- to say, the lever arm can be moved only by
15

slightly twisting the two short sections of
the rod which intervene between the proxi-
mate faces of the brackets and lever hub
portion. The construction of the member

- 1s desirably such that only the part of the

rod intermediate -the brackets is subject fo
torsion, and various different means may be

ater and the amount. of length subject to
torsion may be greater or less, but for hard-

‘ened steel, which may be assumed to be the
material of the rod 8, the propovtions shown

are about correct, and its elastic character-
istics under torsional vibration are such theat
the whole vibratory system of the transmit-
ter, including diaphragm, and the moving

parts- of the microphone cell, is.thereby
raised in pitch to a-high natural frequency .

equal to or above the highest resonance -pe-
riod of vowel sounds.

electrical waves, without obsérvable distor-

tion. The natural frequency of the torsional
part or parts of the rod slone, vibrating.
torsionally, is of course extremely high and
much higher than that of the rest of the sys- -
tem taken alone, that is to say, of the dip- .

.pli:l‘ﬂ gﬂl itself H-I]_d . it,g cOnnecti{}n's ) "ﬁ"ith ) Lhe

cell, which would have 4 very low nathral
period, but when the high torsienal fre--
 quency is applied to the other parts it pro--

duces a resultant frequency sufficiently high
to give the results above explained und not-

- withstanding the mass-and mertia of dia-

o4

phragm: . In order that the torsion rod shall

‘not vibrate by lateral bending, both of ifs

ends are supported in the bracketls as above

- described, and, - further, to guard against

&b

" of the brackets and lever hub, but not so-as
- to" restrict -the torsion which takes .place.
within them. The lever arm b5, although
- appearing large .in . proportion to the rod,
is nevertheless of very slight mags; being
" madse of aluminum or an alley of aluminum

ﬁn

95

bending, the sleeves 13 are fitted snugly there-
on between the proximate perpendicular faces

and formed with thin deep ribs which make
it substantially rigid -anhd non-flexing to

fqlg'(jeﬂ of a,'py .mﬁ-}_-‘{-nitﬂdé*]ike].yﬂ to ocenr in’

Tt is preferable that: such, system wil _
have but a single- resonance period below
2000 P. P. 8. I have applied such a tor-

of . 5. ouch systera trans-
. mits the voice waves, or translates them into

-for 1ts ultimate purpose.

&

the lever out of the common aluminum alloy

known: as dure-aluminum, inasmuch as that
particular composition affords substantially

‘the stiffness of hardened steel but without

the. welght. |

In the form shown, the lever is ef the
second class, the actuating force being up-
nlied between the.rod fulcrum or axis and
the microphone connection, which gives
some magnification of the amplitude of the
inotion, but it will be evident that 1t might
be a lever of any class and arranged to give
any degres of amplification or none at all,

according to .circumstances and as will now

be evident. Such a lever and torsion mem-
ber: may be applied to eliminate distortion

in varioug different kinds of apparatus and

to other devices operated by -oscillating en-
ergy represented by speech or sound, pro-

-vided only that the. torsiondl. frequency is
selected to give the whole vibratory system

of the device the desired natural frequency
of about 1000 P. P. S., as asbove ﬁHYlE}JHﬂd.
, 1gelf,,

sion member in this way to the vibratory
system of a recerding phonograph with

‘marked improvement in the resuls.

Bach of the above described. mechanical

details 1is of ‘importance because of the
well known, but none the léss phenomenal

70
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sensitiveness of the microphone cells, dia-

phragms,, and the human ear in connection
with: which they are used. In such connec-

tion, there is special significance i the hght
but wonderfully rigid lever construction as
“well as the absolute fixity of the axis of

100

vibration of the lever and. of the -arc of

vibration of the free-end thereof, all in-
suring a perfect single natural - vibratory
period, the freguency of ~wwhich may be

wasily made as high as desirable In practice,
~without unduly shortening :the amplitude
ot the vibration, or saerificing sensitiveness

and efficiency of functioning .of the device

105

110

The. advantages of the construction will

be evident when contrasted with the pres-
ent commercial telephone instruments. In
these, it has been: found wholly mmpractical

to use levers of any kind and even-the sim-
ple diapbragm. instruments that .are used,
have. at least one and sometimes fwo regions

of pronouneed mechanical resonance within

the range of frequencies characterizing the

strong vowel sounds. - -
While .my invention is a great practical

Amprovement in such devices, it is a still
ereater improvement as applied to tele-

phone. repeaters wherein  the slightest in-

115
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ternal causés’ of distortion are far morve .

’ } N -
fatal than in transmilters or receivers. =
Figs. 1 to 5 -illustrate the application
of a preferred form of forsion member to

130
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n telepllone repeaters The repeater strue-
tare Includes a transmitter mechanism, as
ahove deseribed, and comprises a relativel
massive base af nonmagnetic material witli
a substantial frame 14 secured thereon and
upporting a double-acting microphone cell.
The latler CoOmprises n central fixed elec-
trods 13 and two opposite ‘movable elec-
trocles 16, both electro-pla rted with platinum
and provided with_heles in their faces and -
having the space between them partly filled
wth trmnulur earbon, The mm"abie elec-
(rodes are medmmmlly connected by a ceu-
teal stem 17 passing through a hole in the.
fixed clectrode and thwuwh the grantile-
containing chamber, but are mqnhted from
cach other by an mtm*]ms:.ed insulating sec-
tion which forus a positive nwc‘]l‘uuml COM-
nection hetween the two end portions of the
stem. The s tem and movable electrodes nre
maulated from the casing by means of the
thin septum awvalls 18 to which they "are
clhimiped by means of nuts threaded on the
rocd, These walls: may be of thin umulauufr
O ﬂeixh]o material, wmica, for instance, .md
the stem 1s thlmded so that the electrodes
mav be clamiped thercon as Jruhmtml The
ends of 1!1{- stems edeh CAITY an nmﬂ_tme
19, whiclt is nlso heht 1y ‘\H‘H“IIL amd |
front of cach armature there is monnted nn
t‘li‘ttln-lll.i“ht‘ the nmmonetie field whereof
15 controlled by the tvlephcmlc' current flue-
tuntions {o he repeated. The eoils of these
magnels are connected b nmltlph‘ with the
sérding Tine, Init in opposite: directions, so
that a envrent wave tending to increase th&
msractie fiekd of one ny wnvf will diminish -
(hat of the other. and v e versi. The two
hilves of tlm dotible microphone: éell are
conneeted n he halves or br anches of the
i ey ontml nrimaty -clreuit of an indsiction.
cotl. the H{{nl]dll‘\" whetreof 185 conneceled
mth the qiHgoig Hine, as shown in the din-
e In order to veduce the w eight, of the

Rt limltnn wqtvm toward or to. th{a ‘leOllltE

NI 1{=r]1m11v for a maximum effi-
cloney tlw armatitre 19 1s formed as'a ring
w,:h*fl i’ a eivenniferesitial -rabbet "mmf
i bucking 24 which mayv - be made of
alumintim and is. preferably of the duro-

".tlummmu allfn ul}uw -r£=tt~1wd to. The

60

65

mass of dvon in the ring-19 is sufficient only
to respond with quumte force to the mag-
iretie fluctuation of the électrd-magnets, and
its snpport or b: rcking 20 is extremely hght
so- that the inertia’ of the parts. 1S, thus

very. Jow.

~ The septum walls 18 ara ciumped agmnsb
the. ends of the grannle chainber by means.
of a pair of ribbeted rings 21, andithe latter
ave clamped between two Bm'nlnr but larger
rings 22 which are screwed together by

means of 4 set of holts, one: of which ap-

pears at 23. The rings oo form the support
or rigid: base fer the torﬂlﬁnnlly ﬂbra.tmfr

“* -~ © 1,305,618
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members of thls form of the mventlon. As
shown more clearly in Fjj 1gs: -3 to 5, the tor-
sion member : consists :of q, smg]a piece or
block formed . with - qqmlred ends 24, by
means of which it may: be: secured dlmctly ro
to the face of ‘the: ring.: <Two: relatively
heavy Dbolts 25, one pﬂssmg bhrr_mgh each
squared end- and- serewed. tlf‘rhbl}f 1nto“the
ring, ‘serve -this -purpose. Between “the

squarﬂd ends - the block lor’piece ‘is formed 75

with relative enlargement . for: connection to
the lever arm' 20, such enla.rgement repre-
senting -the hub of ‘the :lever- but: ‘I:M.al.n%)e
fact an integral part of:the- torsion . mem

Between the lever hub and the squared. at- g0

tachment- ¢nds, the - iiember - is: Teduced’ in
diameter so as: to form’ tivo, ‘short,’ tnper-

“cnrved posts 27.-the cross: mctlonul urea of

which is fiether veduced by boring . the mem-

ber longitudinally fromieach:end: lnto and 35

throwgly the posts; as indieated at-28 i in-Fag. -

5. The two posts ave thius tubnlar; in cross
section nand their fmss-sectwnnl frea is Euch

vibrating tovsionally,. as will equse the Iever

arm-to hnw 4 natural frequency of :vibra- g0

tion which-is.very high; high ‘enotigh so that
when the other ]T;ITtCS of . the -vibritory sys-
tem are connected to it: the whole will have
the high" frequency - above referred: to. By

111.11-&11'? the, torsionally’ wbmterv post par- 95

tions tubu]m thev mayybe: crf somew b
Targer diameter than if: cwohd ‘and by virthe
of their larger dl.lnlt‘tl‘ are: less - hl{eljf to
bend later ﬂlv than W mﬂd nlhermqe be the - .

case. althougli . Some. lmnﬂmﬂ' Avill ~do'.no 100 =

harm, provided: the mtur-ﬂ fraqnency of .the
bending: movement is-alspihigh, The léver
arm 26 may cither be fotmed. mteg'rnlly with
the liub portion”or. separately;.as: desired..

I formed qepnmtelv, it"must-be secured :to 105 .

the hub portion with. nbsolute. .tlghtness of
fit so. that there  ean be no-lost motion. be-
tween the lever and.its torsion. pnsts. - The
lever itself is ]mthudmnllv yibbed:as ‘above.

explained, o ns-fo be'] pr 1cl;1mllv unbendmw 110".3:?{?{--'2:?- .

fo the forees emplm"{*d andiaslightins Possi-

ble. - The; genetil 111'01"{}1‘&0115 of ‘the: tor-

smn momber ' us well .15 of the; lever shnwn

rrrrr

dm'{;-—alummnm nllo}' Smne mndlﬁcntmn 115 f

thereof miglit -be! necessary it nnnther it TR
terial is q{tlected The lever ifself is, in any
event, alvminum or its  equivalent’for. sake
of- ]whtness. A torsio member: -—wnth ite .

Tever ‘?G mude ng: ﬂbm:'e doqcrlbed ‘18.secured ; 120
‘to the face of each'ring 22 on’ nppmnte gides -

of the microphone cell and: the.ends of: the .
levers are clamped: toithe ‘opposite-ends’ ef

rrrrr

theé stem 17 betveen insnlated: nuits: 29 there-

on. In: this ‘repeater: the. vibratory system. 125
comprises-the - stem: 14 cnrrymg“t o.active
electrodes,’.thé . septum; wals: ‘inclosing the

-granules, the niits:nid armatires:as well: A8

the two torsmn levers. The effect: qfﬂ'm tor—
ston, pﬂsts 18 to 1mpmrt tn mmh System,:as:

-—l'.

r & r 2
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a whule., the desired. high _fr.effuéncyl equal

- to or exceeding the highest resonance period

10

because human speech: does not contain any

of vowel sounds, and thereby the repeater
becomes capable of transmitting telephonic

voice currents without cansing any appre-

clable distortion of the wave forms such as

commonly -oceurs where-the vibratory mem-
ber responds disproportionately to one of

_-the prominent frequencies of human speech.

 There is special advantage in making the
natural frequency of the system about 1000

prominent sounds of this frequency and the

~ only resonance effect will be a tendency to
16

stronger. response to the upper part of the
range -of frequencies characteristic of the

- vowel sounds say from 600 to 900 per second.

20

95

30

35

40

_ that it or they shall. impart tothe other parts
of :the system.  Generally speaking, the.

. 45
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gréater for the liigher of these. frequencies

- This' resonant - response :is progressively

and these are the very frequencies which are
“most . attenuated' on long .
-quently, whilg the instrument does not actu-

iines. Conse-
ally prevent. the. unequal, distorting losses
on the line, it does compensate for them by

responding. most strongly to the frequencies
which have suffered most in transmission.
By actual tést, it has been found that where -

instruments” properly - designed in accord-
ance with. my present invention, are located

at proper distances from the sending sta-

tion, the reproduced vowel wave forms are
substantially as perfect as if there had been

“no unequal -attenuation of the higher fre-

quencies, and the resulting effect is substan-
tially that of distortionless transmission. -
From the description given, the. principle
of the invention and the manner of apply-
ing 1t to. other forms of instrumeunts will

“now be apparent: . It need only be added that

the torsion member may have greater or less
length  between .points of attachment,. op
greater or less cross sectional area, according
to the frequency characteristics it is desired

shorter the length and greater the di ameter,

the hlgher will be the freque_n ey, and thi-

maker will proportion these factors so that
the desired result will be gained with g

minimum degree of stiffness, thus promoting
the sensibility: of the instrument 2s-above
explamed. The torsion members may be put
under initial, permanent stress if desived by
manipulating .the nuts 29 one way or the

other, although this 1s not necessary/and
- tends to increase the work to be performed
‘in moving the systein.
initial stress in one member may counteract

In such case) the

that of the other, producing a static eqiailib-
rium when the parts are at rest, gnd sach
condition may operate to increase’the fre-
quency of the system as a whole and may be
used- for that purpose. In case of the rpe-

peater, and also to some exten? in thé trans-
mitter, the. torstonally-vibruting members

O INCHINer

“the Hmit of audibility

serve as ) 'supporb, for the other parts éf
the system and may constitute the chief or
sole support, if desired, thus providing for

& mimmum weight or thickness of the micro-
phone septum. without rendering the instru-

ment unduly deélicate. Such septum. can be
made of flexible but nonh-elastic material

8

70

such as fabric, which opposes the least in-

ertra or résistance to the movement of the
electrodes. In the repeater, the magnet pole

Pieces are set up closely to'their respective
armatures and carefully adjusted by means
~of the thumb-wheels at the ends of the per-

Inanent magnets, to produce g substuntial
balance of magnetic attraction on opposite
sides. The double-acting or two-part micro-

phone cell contributes: to the symmetry. of
the vibratory motion since thereby the physi-

cal resistance to.movement in either direc-
tion 1s made approximately equal~a mat-.
ter of rmportance when the extent of vibra-

tory motion-is small.:
iclatm: . - R N |
1. An instrument-of the kind described

having a -vibratory system ineluding an drm
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supported -on a mermber resisting vibration .

by its elastic resistance to torsion and. such
resistance being sufficient to impart .to the
systelr as n whole a frequency below -the
limit of sudibility but in excess of the fre-

vowel sounds. -~ . . A
2. Am instrument. of the kind deseribed

‘Thaving a vibratory system including a ¥od

ends and subject. to

. 3

fixed at both

95

‘Yuency. of the highest resonance period of

19040

torsion by force applied hetween its ends .

and having a torsional resistance suited to
give a natural frequency to the said system

as o’ whole, ‘below the limit of wudibility |,
105

but in excess of the resonance region ‘of
vowel seunds. o
3. A telephonic transmitting device dom-

Cprising a.microphione cell, means connected

therewith to operate it and 2 torsion mem-

her connected to such means and impressing

sthereon a natural frequency period below

| by but higher than the
highest resonance region of vowel sounds.
4. A transmitting . means for telephouic

apparatus comprising s microphone, means
for operating the same, comprising alever, -
said ineans and lever having a hatural fre-

L.

LT, nCuly ex . g f L .
-quency above 1009 vibrations per second and
sd1d microphone lever and parts thereof hav- .

ing only ome resonance region: below 2000
vibrations per second, in combination with
speech waves. . . R -
5, In a telephone repeater, the combina-
tion of opposed electro-muagnets, a variuble
resistance miedium located between said mag-
pets and having relatively movable elédc-
trodes, oné of sayd electrodes having an ar-
mature on each -side thereof, and torsion

means for imparting to the movable system.
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Jmeans for operating said parts by human
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" tion of .opposed electro-magnets,

&

a natural frequency below the limit of audi-
bility -but in excess of the frequency of the
haghest resonance period of vowel sounds.
6. In a telephone repester. the combina-
AT a variable
resistance medium ' located between said
magnets and having
and & mevable electrode provided with ar-
matures on opposite sides thereof, and tor-

sion means for imparting.to the movable

gystem a natural Trequency below the limit

‘of audibility but in excess of the frequency

of the highest resonance period of vowel
sounds. | |

7. A telephone repeater comprising an ex-
citing fleld, a double-acting microphone and
& vibratory system including two torsion
members, each under permanent stress and
couhiteracting each other. said torsion mem-
bers imparting to the system a natural fre-
quency .below the limit of audibility but in
excess. of ‘the highest resonance period of
vowel ghunds.! |

8. Am instrument for utilizing complex
frequency. variations characteristic of hu-

nin voice waves, said instrument having a

vibratory system of which one of the mem-

- bers comprises an elastic torsion shaft or
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pivot substantinlly inflexible transversely of
1ts axis together with a lever element sub-
stantially rigid transversely of its length,
whereby oscillatory movements of said lever
element are unitary and ave confined to arcs
having said axis as a center, the torsional
restlience of -said pivot being sufficient to
umpart to the svstem as a whole a natural
frequency slightly but substantially higher
than the highest important resonant fre-
quency characteristic of the vowel sounds.
i combination with means for applying. to
sald syvstem, the complex variations charae-
teristic of human speech.

9. At instrument for utilizing complex .

frequenicy variations characteristic of human
voree waves, said mstrument having a vibra-
tory svstem of which one of the members

a stationary electrode

1,905,818

conprises an elastic torsion shaft or pivot
substantially inflexible tranzversely of its
axis and a fever element substantially rigid
trapsversely of its length, whereby oscilla-
tory movements of said lever are umtary
:mg are conhned to arcs having said axis as

# center, the torsional resilience of said pivot

b0

being sufficient to impart to the system as

i whole a natural frequency far below the
hmit of audibility but substantially higher
than the highest important resonant fre-
quency characteristic of the vowel sounds, in
combination with means for applying  to
sald system, complex variations of various
fre:}uencies substantially different from the
siid natural frequency of said vibratory
system,

10. An mstrument for utilizing complex

frequency variations characteristic of hu-
man voice waves, sald instrument having a
vibratory syvstem of which one of the mem-
bers comprises an elastic torsion shaft or
pivot. rigidly secured at both ends and sub-
stantially inflexible transversely of its axis.
together with a lever element rigidly sécured
thereto und substuntially rigid transversely

of its length, whereby oscillatory movements

of said lever element are unitary and are
confined to ares having said axis as a cen-
ter, the torsional resilience of said shaft or
pivot being sufficient to impart to the svs-
tem -as & whole a natural frequency below
the limit of audibility but higher-than the
highest important resonant frequency char-
acteristic of the vowel sounds, in ‘combina-
tton with means for applying to said sys-
tem, complex varigtionz of various frequen-
c1ee all substantially ¢ifferent from the said
natural frequency of said vibratory system.
In testimony whereof, I have signed this
specification in- the
nesses. B
ELWOGOD GRISSINGER.
Witnesses: o
Fraxxrixy R. Brown,
Dax’n. W, EMeruING.

presence of two wit-
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