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BONE CONDUCTION AUDIPHONE

Hénﬁ Koch, Jamaica, N. Y., assignor to Dicto- -
" ‘graph Products Company, Inc., New York,N. Y., .

& corporation of Delaware

Original No. 2,144,458, dated January 17, 1939, Se-
rial No. 38,882, August 31, 1335. Application for
reissue January 18, 1940, Serial No. 314,564 '

9 Claims. (CL 179—107) |

This invention relates to audiphones and has

particular reference to audiphone receivers hav--

ing & vibrating element adapted to be placed in
. operative connection with the bone structure of
the user for transmitting audible, sounds picked
up by a suitable microphone to the inner ear
through the bone structure. : '

In copending application Serial No. 678,130,

filed June 29, 1933, now Patent No. 2,148,024, there
' is disclosed a bone conduction receiver which is
characteristic in that the electromagnetic means
of the receiver is supported by the tympanum or
reed, s0 that, in response to energization by voice

currents, the inerfia of the electromagnetic means

causes it {o in- effect remain stationary while the
tympanum or reed vibrates relatively thereto.
The casing of the receiver is secured.to.the tym-
panum or reed and consequently vibrates over its
entire surface, so that any portion thereof may

be supported by a head-band or other holder in

operative connection with the bone structure of
the user, such as on the mastoid ‘eminence, for
transmitting its vibrations therethrough.

-This device has proven reasonably satisfactory,
but because the surface ares of the casing -wall
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which engages the bone is relatively large, a -
considerable améunt of power is required to pro-- -

duce sufficiently strong vibrations to enable the

r-to hear well. In this respect the so-cailed
‘button type of bone conduction receiver, in which
8 button carried by the tympanum or reed en-
gages the bone structure, has certain advantages,
‘because the area of contact of the button is rela-
tively small and its vibrations are concentrated

and it is not necessary to vibraté the headband. -

with the result ‘that less power is required to
operate the receiver. . However, the button type
of bone receiver as heretofore constructed is not
‘praciizable, because the pressure which must be
applied- to the electromagnetic means in. order
to secure firm contact between the button and
the bone causes the vibrations of the tympanum
or reed .to be suppressed and sometimes closing
of the niagnetic gap. R b

In accordance with one form of.the present

invention, & bone conduittion receiver is provided -
in which the advantages of the button type.
recelver, in so 24ar as concentrated vibration and R

reduced power-eonsumption: are concerned, are
combined with the advantages of the reaction or
.inertia type bone receiver, in so far as practica-~
bility and operating effectiveness are concerned.
" .The aforementioned form of the invention has
several modifications, one of which coniprises
" .an electromagnetic means.supported by its. tym-
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panum or reed on the facg' plate of a casing
adapted to be supported by a headband or the
like in position for operative connection with the

bone structure of the user, and having a bitton -

extending through the face plate and connected
to the electromagnetic means so that the receiver
casing, due to the inertia of the electromagnetic
means, vibrates as a unit and at the same time
the button concentrates a portion of the vibra-
tions. In this way, the face plate engages a rel-
atively large area of the bone and the button
engages & relatively small area of the bone, and
the instrument combines the advantages of the
button and inertia or reaction type of bone re-

.ceiver without having the disadvantages of these

two types of devices. The electromagnetic means

is preferably of the cantilever type with the but-
ton located adjacent the fulcrum, to produce
powerful button vibrations of small amplitude.

Another modification of the inventien com-

prises a casing supported by a headband or other
holder and having the electromagnetic means
secured thereto in such 8 way that the tympanum

‘or reed vibrates freely therein without producing

a reaction sufficient to materially vibrate the
casing, because the inertia of the reed is relatively
low.. Secured to this' tympanum or reed is a

_‘button projecting through the face plate of the

casing for operative connection with the bone

structure of the user, the tympanum or reed being
stiff and substantially unaffected by .any pres-

‘sure which is applied to the button by contact

between it and the bone structure of the user.
In this form, the so-called button effect predom-
inates, as compared to the inertia or reaction

" effect.
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In another form of the invention, the electro-
magnetiec means is secured to the casing, which

is supported by the headband, while the con- -

tactor, adapted to aperatively engage the bone
structure of the user, is secured to the tympanum

- or reed, so that the reaction. effect is relatively

small because the inertia of the tympanum or

.reed 18 low compared to that of the electromag- -
This form of the invention is, in -

netic means,
effect, a button type receiver.in which the con-
tactor button may constitute a small part of the
face plate area or may have a large area, such as

& large proportion or all of the area of the face

plate.. In that respect, the device is similar in

~appearance to the inertla reaction type of re-
celver, but differs in operation therefrom, since

the whole casing is not vibrated and hence it is

. hot necessary to vibrate the headband. Resilient
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means is preferably interposed between the cas-




- ing and the vibrating contactor or face plate,
whereby contact between the reed and the pole

piece is prevented in case of undue pressure on .

the face plate, without any reduction in effective- -

" ness of the vibration thereof.

It will be seen that with the several forms of =

" this invention, the advantages of the button and
inertia reaction types of bone conduction re-

ceivers are combined with the result that a mors -
“efficient and more effective instrument js pro- 10

duced. ,

For a more complete understanding of the in-
“vention reference may be had to the accompany-
ing drawing, in which: S '

" pgure 1 illustrates the new bone conductjon
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receiver of this invention, supported on the head-

band and connected in a microphone cirenit;

Tig. 2 is an enlarged . longitudinal section -

through the receiver of Fig. 1; )
Pig. 3 is an enlarged longitudinal section
through & modified form of the receiver of Fig. 2;

. the inner ear of the user.
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. Figs. 4, 5 and 8 are enlarged longitudinsal sec-

tions through other modifications of the inven-
tion; : ) C
Pigure 7 is & view in side elevation of & modi-
fled type of receive: embodying the Jinvention;
of Pigure 7.

- Referring - to Fig. 1, 't.he boﬁe conduction re-
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Figure 8 is & view in section taken on Hre5—8 - e
: oo : .- or reaction type receivers, operating in the ghar-
3¢

ceiver A includes a casing 10, of hard rubber,
phenolic resin, or thelike, having a face plate .-
i1. with a button {2 projecting slightly beyond .

the latter, and witk opposite surface slots i& in
which the prongs -14 of the fork 1§ of the head-
pand 8, or other holder, are pivotally inserted.
An electric cord-{7, connectible with separable
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illustrated in Fig. 2 is supported by a headband
.18, or the like, in the manner shown in Fig. 1,
so that the face plate 1§ and the button (2 are
simultaneously in operative contact with the bone -
structure of the user, such as the mastoid emi-
nence. Because the inertia of the magnetic struc-
ture, including the magnet 26, the pole plece 28
and the speech coil 21, is conslderably greater
than the inertia of the reed 22 and its appurte-
nant parts, the vibration effected by the electro-
magnetic means in response to voice cutrents,
causes this magnetic structure in effect to re-
main stationary while the reed 22 and the cas-
ing 6, {1 vibrate as a unit, thus i{ransmitting
their vibrations through the bone structure to

_ ‘The relative vibrations hetween the reed 22 .
and the magnetic structure are utilized in this
" receiver by means.of the button 2, which is
carried by the magnetic structure and thus trens-
mits concentrateéd vibrations through the bone
structure-of the user. The spacing of the bution.

. 12 from the fulcrum of the cantilever magnetic :

structure carrying it, causes the button 12 to-pre-".
duce powerful svibrations of small ampiitude,
whereby power requirements are reduced. Ac-.
cordingly, the receiver illustrated in Fig. 2 com-
bines the. advantages of the button and inertia

acteristic fashion of each of them without em-
bodying their disadvantages.: _ .

The recelver illusirated in Plg. 3 is'a modifi- .
cation of the receiver of Fig. 2 in that the ber
magnet 38 is supported by.a spring.stric 26 on

35 the reed 31, which also-carries a stiff cantilever
- gpring 88, with respect to Which the bar ‘megtet

eiectric connectors 18 to the electromagnetic

mesns within the casing 19, includes two wires
19, connected In: the circuit of the battery 29 anid
the microphone 2f. .Buitable amplifying means,
not shown, may be provided. The receiver A is

" adapted to be placed with its button i2 and face

plate [§ sirnultaneously in ‘operative contact with
the bone structure of the user, such as on the
‘mastoid eminence behind the ear; with & head-
‘nand 16 supporting the recelver A in that posi=
“tion. . . . o .
as is illustrated o Fig. 2, the tympanum Or
.veed 22 is secured rigidly by screws 22, or the
like,
One end; 28; of this reed 22, i8 turned upwardly
and supports cantilever-fashion _the elongated
bar magnet 25 having st its free ‘epd the pole
" plece 26, the end of. which'is spaced from the
corresponding surface : )
parrow air gap., The speech coil 21 may be car-
“rled by the pole piece 26, and its terminals are
“ connected by two fllamentary conductors 28 to
two corresponding contact plates 29 iniaid in
the inner surface of face plate |1 and each elec-
 trically cannected by spring 30 and plug 3 to
_ the . corresponding connector I8 of the electric
“Seord 17 inserted in openings 32 of the casing 10
-~ Adjustably threaded in to the bar magnet %

of the reed 22 to form & -

" 2% and consequently the air gap is adjustable by
means of the stem 3% and nuts 48 interconneciing
spring 38 and the bar magnet 35. The advane

40 tages of adjustability of the air gap and the
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to: the inner surface of the face plate a8 -
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is & stem 33 having at its free end the button

12 which projects approximately %u to ¥ of 8n

inch beyond the surface of the face plate i1, in
© the manner. illustrated In exaggerated form in
jmgs. 1 and 2. The degree of projection of the

puttori 12 beyond the surface of the face plate -

" {1 may be.adjusted by screwing stem 33 in or

_out of the bar magnet 2% and locking it in ad-
' . justed position by means of lock nut n,. -
- In operation, the bone conduction receiver
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gvoidance of fatigue of the vibrating metal by
this spring structure’ are discussed in greater
-detail in my copsnding sprlicaiion Serial Ho.
733,738, filed July 5, 1934, which discloses the
structure of Pig. 8 just described.. ' ¢

In addition to .affording a means for adjusi=-
ment of the alr gap and the Yke, stern 32 alwo

" carries the button §2' end. is adjustable sxially

in the bar magnet to vary the degree of projec-
tion of the button §2°, which ig locked in adjusted
position by lock nut 4. The operation of the
form illustrated in ¥ig. 3 i8 the same 'ag thaé

gescribed in connéction with the arrangement

- of Figs. 1 and 2. .
n the modification iilustrated in Fig. 4, the
‘har magnet 42 is rigidly secured to the back of

.. the casing 43 by means of screws 44, g6 thet the

reed 46 extends parailel to the inner suriece of
the face plate 45 and i5 iree to vibrate relatively
.thereto In response. to energization-of the elec-
tromagnet o , by'voice currerits. Becguse
the inertia of the reed 46 iz small compared to
the inertis of the magnetic structure including
the baer magnet 42, the poie plece 41 and the
voice coil 48, together with the casing 43 and
face plate 48, the reaction effect is relatively’
smasll, although, by increasing the mass of the.

- reed #8, the reaction effect may-be increased at .

" Threadéd through. reed 48 is s stem 48 car-

rying the button 2" “projecting - through face.

~plate 48 and forming e relatively small propor-
- tion of the tatal.

tal surface area of the latter. - The .
" degree of  projection of button §2°’ beyond the.
surface of face plate _gi .may be varied by screw- -
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ing stem 49 mwardly or outwardly through reed
45 and locking it in adjusted position by means
of lock nut 80. In this arrangement, . practi-
cally all of the vibration of the reed 45 is con-
centrated in the button 12’’, so that strong vi-
brations are transmitted through the bone to
the inner ear of the user. The reed 45 is stiff and
the projection of the button 12’/ glight, so that
there is no suppression of the vibration of the
reed 45 by contact of button {2’/ with the bone.
The degree of vibration of the casing 43 may be
varied by increasing or decreasing the mass of
the reed 45 and button’(2’’, For example, by
increasing their mass the reaction effect is in-
creased.

In the form of the invention 111ustrated in -

Fig. 5, the bar magnet 51 is rigidly secured by
screws 52 to the casing 53, while the reed 54 is
- rigidly secured by screws 55 to the face plate

88. The face plate 56 and the cooperating sur- -

face of casing §3 are spaced apart to permit rel-
ative vibration between them and this space is
filled by a gasket 5T -of soft rubber, felt, or other
cushioning material. 'The face plate. 56 is, in

effect, a button, the area of which is the entlre

ares, of face plate 56.

Energization of the speech coil 58 in accord-
ance with voice currents, causes reed 54 and face
plate 56 to vibrate relatively to the headkand-
supported casing- §3, so that its vibratiocns are
transmitted to the inner ear through the bone
structure and little or no vibration is imparted
to the head band. The gasket 57 is sufficiently
firm to prevent substantial suppression of the
vibration of the reed 54 because of its contact
with the head, and also prevents contact or freez-
ing hetween the pole piece 59 and the reed 54, as
well as preventing access of dirt into the casing 53.

Alternatively, the arrangement of Fig. 5 may

be modified as illustrated in Fig. 6 by inserting
the face plate 60 within the opening of the cas-
ing 61, so that the plate 60 forms a large pro-
portion of the area of the corresponding wall of
the receiver.

means, including the bar magnet 63, the pole
piece 64 and the speech coil 65, all carried by the
casing 61, the vibrations of the reed 62 are trans-

mitted by face plate 60 through the bone struc-

ture to the inner ear of the user.

Although' the reeds 22 and 371 of the forms
shown in Figs. 2 and 3 are supported by the
headband 16, inasmuch as the latter is connected
to the casing 10,
37 are secured, these instruments may be sup-
ported by their electromagnetic means, if de-

sired, simply by connecting the headband to the -

bar magnet 25 and 35, or the like, through suit-
able openings in the wall of casing I0. An ex-
ample of this arrangement is illustrated in Figs.
7 and 8, wherein the prongs {4’ of the fork 15’
of the headband 16’ are shown projecting
through openings 13’ in the wall of the casing 10’
and pivotally connected to the bar magnet 25°.

"Similarly, although the electromagnetic means is

supported by the headband in Figs. 4, 5 and 6,
inasmuch as the ldtter is connected to the cas-
"ings 43, 53 and 61, these instrumenis may be
supported by their reeds by connecting the head-
band thereto, either directly or to the face plates
B6 and 60 in Figs. 5 and 6. The effect. of this

As the reed 62 carrying the face
plate 60 is vibrated by the electromagnetic -
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While several preferred embodiments of the
invention have been illustrated and described:
herein, it is to be understood that the invention
is not limited thereby but is susceptible to changes
in form and detail within its scope. -

Iclaim:

1. In an aud1phone the combmatlon of elec-
tromagnetic means adapted to respond to vary- -

_ing currents substantially throughout the audible

frequency range, a casing secured thereto, a rela-
tively stiff vibratory member- connected to the
means for vibration thereby, a contactor secured
to the member and movable relatively to the cas-
ing and forming at least the major part of g wall
of the casing, resilient sealing means interposed
between the adjacent portlons of the relatively
movable contactor and the casing, and means
supporting the casing with the contactor in oper-
ative contact with the bone structure of the user
for conducting its vibrations therethrough' to the
inner ear. :

2. In an audiphone, the combination of a vi-.
bratory mechanism comprising two members,
relatively stiff spring means connecting said
members permitting a limited relative movement
between at least portions of béth members, elec-
trical means adapted to respond to varying cur-
rents within the audible frequency range secured
to said portion of one of said members and _oper-
atively opposed to said portion of the other mem-
ber for relatively vibrating the same, a casing for
said mechanism secured to one of said members;
a contactor directly secured to one of said mem-
bers for engaging ‘the user and forming at least
part of a wall of the casing, and supporting means
having less stiffness than said spring means me-
chanically coupled to the member that is not di-
rectly secured to the contactor for holding the
said last named member substantially stationary

40 with the contactor in engagement with the bone

structure of the user, whereby the contactor is free
to vibrate relatively to said last-named member

- and said supporting means, without suppression

{1 to which the reeds 22 and -

by said supporting means when said electrical
means is energized for transmitting the vibrations
of the contactor through the bone structure to
the inner ear.

3. In an audiphone, the combination of a vi-
bratory mechanism comprising two members, rel-

-atively stiff spring means connecting said mem-

bers permitting a limited relative movement be-
tween at least portions of both members, electri-
cal means adapted to respond to varying cur-
rents within the audible frequency range secured
to said portion of one of said members and oper-

- atively opposed to said portion of the other mem-
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change of ‘support would be to convert the forms -

" of Figs. 2 and 3 into so-called button type bone

receivers and the forms_ of Figs. 4, 5 and 6 into
. inertia or reaction type recelvers

7%

ber for relatively vibrating the same, a casing
for said mechanism secured to one of said mem-
bers, a contactor for engaging the user and form-
ing a wall of said casing, and supporting means
directly mechanically connected to said other
member for holding the same substantially sta-
tionary in use for vibration of the contactor and

~casing relatively thereto when said electrical

means is energized, whereby the contactor trans-

mits its vibrations through the bone structure to

the inner ear when operatively connected thereto
by said supporting means.

4. In an audiphone, the combination of a vi-
bratory mechanism comprising two members
having unequal inertias, relatively stiff spring

‘means connecting said members - permitting a

limited relative movement between at least por-
tions of both members, electrical means adapted
to respond to varying currents within the audible
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frequency range oberatively electrically coupled
to said portions of said members for relatively vi-
brating the same, a relatively flat contactor for
engaging the user secured to the member having
less inertia and having an area at least as large
as the said portion of said last-named member,
and supporting means directly mechanically cou-
pled to the member having greater inertia for
holdihg the same substantialiy stationary in use
for vibration of the contactor and the low inertia
member relatively thereto when sald electrical
means is energized, whereby the contactor trans-
mits its vibrations through the bone structure to

the inner ear when operatively connected thereto

by said supporting means. .

5. In an audiphone, the combination of a vi-
bratory mechanism comprising two members
having unequal inertias, relatively stiff spring
means connecting said members permitting a
limited relative movement between at least por-
tions of both members, electrical means adapted
to respond to varying currents within the audible
frequency range operatively electrically-coupled
to said portions of said members for relatively vi-
brating the same, a relatively flat contactor for
engaging the user secured to the member having
less inertia and having an area at least as large

22,658
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as the said portion of said last-named member, .

supporting means directly mechanically coupled
to the member having greater inertia for hold-
ing the same substantially stationary in use for

vibration of the contactor and the low inertia’

member relatively thereto when said electrical
means is energized, whereby the contactor trans-
mits its vibrations through the bone structure to
the inner ear when operatively connected thereto
" by said supporting means, and resilient means in-
terposed between said contactor and a fixed part
of the audiphone for limiting the movement of
the contactor relatively to said part under ex-
cessive pressure between them.
6. In an audiphone, the combination of a vi-

“‘bratory mechanism comprising a relatively flat .

reed member and a cooperating electromagnetic
member including a permanent magnet, rela-
tively stiff spring means connecting said mem-
bers permitting a limited relative movement be-
‘tween at least portions of both members, a volce
«coil operatively associated with said electromag-
netic member and adapted to relatively vibrate
_ said portions of said members when energized by
- varying currents within the audible frequency
range, g relatively flat contactor for engaging
the user secured to said reed member and hav-
ing an area substantially coextensive therewith,
and a supporting means directly mechanically
coupled to said magnet for holding the same
substantially stationary in use for vibration of

30

the contactor and the reed member relatively
thereto when said voice coil means is energized,
whereby the contactor transmits its vibrations
through the bone structure to the inner ear when
operatively connected thereto by said supporting
means. R

7. In an audiphone, the combination of a re-
silient headband, electromagnetic means adapt-
ed to respond to varying currents throughout the
audible frequency range, a casing enclosing said
electromagnetic means and having a wall form-
ing & contactor, means connecting said head-
band to-said electromagnetic means for holding
said electromagnetic means substantially sta-
tionary, and an armature fixed to said contactor
for vibration by said electromagnetic means, said
armature being substantially stiffer than the
headband to prevent the resiliency of the head-
band from appreciably flexing and thereby sup-
pressing vibration of said armature.

8. In an audiphone, the combination of a resil-
ient headband, electromagnetic means adapted
to respond to varying currents throughout the
audible frequency range, a casing enclosing said
‘electromagnetic means and having a wall mov-
able relatively to the remainder of said casing and
forming a contactor, means connecting said head-
band to said electromagnetic means for holding
said electromagnetic means substantially sta-
tionary, and an armature fixed to said contactor’
for vibration by said electromagnetic means, said
armature being substantially stiffer than the
headband to prevent the resiliency of the head-
band from appreciably flexing and thereby sup-

5 pressing vibration of said armature.

9. In an audiphone, the combination of a vi-
brating mechanism comprising two members, rel-
atively stiff spring means connecting said mem-
bers and permitting limited relative movement

40 between at least portions of both members, elec-

trical means adapted to respond to varying cur-

' rents within the audible frequéncy range secured
~ to said portion of one of sald members, and oper-
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atively opposed to said portion of the other mem-~
ber for relatively vibrating the same, a casing for
said mechanism secured to said other membet,
said casing having at least one opening therein
adjacent to said ore member, and supporting
means directly mechanically coupled fo said one
member through said casing opening, whereby
said casing and said other member are free to vi-
brate relatively to said supperting means and said
one member to transmit the vibrations to the in-
ner ear when said casing is operatively connected
to the bone structure of the user by said sup-
porting means. ' :
HENRY KOCH.




