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This invention relates to & bone conduction
audiphone and has particular reference to audi-
phone receivers adapted to be mounted in and/or

carried by the ear for transmitting audible sounds

‘g Dpicked up by a suitable microphone to the inner
ear through the bone and cartilage structure of
the outer ear. | |

The receiver of conventional bone conduction

- gudiphones is either equipped with a button car-
10 ried by the diaphragm for operative connection

with the bone structure of the user, or is so ar-

ranged that the entire housing of the electromag-
netic means vibrates so that when it is placed in
operative connection with the bone structure of
15 the user its vibrations are transmitted to the
inner ear. In this latter form of bone receiver,
the electromagnetic means is usually carried by
the diaphragm or reed which is secured to the
casing, so that the inertia of the electromag-
op netic means causes the diaphragm and the at-
tached casing to vibrate as & unit. Such an ar-
rangement is disclosed in copending application
Serial No. 678,130, filed June 29, 1933. Boih
forms of recelvers are usually supported on &
05 headband in contact with the mastoid eminence
behind the ear. Many users find the headband
objectionable and would prefer something which
is carried by the ear without recourse to & head-
band or other extraneous supporting means. An
59 €xample of & vibratile casing receiver, that may
‘be supported in or by the outer ear, is disclosed
in Reynolds Patent No. 1,630,028, issued May 24,
1927, on which the present invention is an im-

| provement. o | |
os In accordance with this invention a bone con-
7 duection audiphone 1s provided of which the re-
ceiver is supported by and In the outer ear with
its vibratory member preferably shaped to con-
form to the contour of the outer ear so that in-
. timate contact between this vibratory member
" and the outer ear is effected which causes the
vibrations of the recelver to be transmitted to
the inner ear through the intervening bone and
| cartilage. It has been generally understood that
4g effective bone conduction was only possible where

intimate contact between the bone gnd the vi-
pbrating portion of the receiver is provided, but

it appears that the - cartilaginous tragus lying
hefore the auditory meatus also serves as a con-

. BO ductor of vibrations to the inner ear, apparently

tending along the auditory meatus. . .
The present invention takes advantage of this

vibration-conducting property of the tragus and
§g other cartilaginous or semi-rigid parts of the

through the intervening cartilage and bone ex-

(ClL. 179—107)

outer ear like the face of the concha, despite the

fact that these parts are elements of the auricle or

pinna which is lareely flexible and SO resilient as
to apparently preclude direct transmission of
mechanical vibrations to the inner ear. This is g
in fact the case with the greater proportion of

the auricle.
The preferred embodiment of the invention

comprises & vibratory ear-piece of rigid material

such as hard rubber, a phenolic resin, or the like, 10
shaped to conform to the contour of the concha
of the ear of the user, with & lateral extension
having intimate contact with the tragus and with
an axial extension adapted to fit part way within

the guditory meatus, this ear-piece accordingly 158

being of such shape as to frictionally support in
the ear the relatively heavy clectromagnetic
structure adapted to vibrate it. This electromag-
netic structure preferably consists of a tympanum

or reed secured to the ear-piece and supporiing 29
the permanent magnet and speech coil, so that
as the latter is energized by suitably amplified
voice currents or the like, the inertia of the rela-
tively heavy magnet and its coil causes the re-
sultant vibration of the tympanum or reed to 95
vibrate the ear-piece by reaction. -

These vibrations of the ear-piece are frans=-
mitted to the tragus and conducted thereby
through the intervening cartilage and bone struc=-
ture to the inner ear. There is also some conduc- 80
tion through the other semi-rigid parts of the
outer ear which are engaged by the ear-piece,
such as the firm face of the conchsa, and the rela-
tively firm cartilaginous outer portion of the au-

ditory meatus. 95

In a modified form of the invention the tym-
panum or reed is free to vibrate relatively to the
ear-piece and has connected thereto & plunger
button passing through the ear-piece and ending
substantially flush therewith for contact with the 40
firm face of the concha adjacent the opening of |
the auditory meatus, which transmits its vibra-
tions to the inner ear in the manner described.

“This button may be arranged to engage the tragus 4 5 |

if desired. - |
It will. be seen that with this arrangement, the

entire receiver is supported by the ear so that no .

headband or other extraneous supporting means

is necessary, and that even though the outer ear 50 "

is resilient and would ordinarily not transmit

vibrations, the cartilaginous portions thereof

“are utilized with the present invention for trans-

mitting effective mechanical vibrations to the
inner ear, whereby the user hears audible sounds, g5
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even though his normal hearing by alr conduc-
tion is impaired. >

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

Figure 1 illustrates the new bone conduction
audiphone of this invention and in particular the
manner in which the receiver is supported in the
ear;

Fig. 2 is an enlarged axial section through g
preferred form of the receiver as seen along the
line 2—2 of Fig. 3: .

Fig. 3 is a rear view of the receiver showing
the shape of the ear-piece thereof; |

Fig. 4 is an enlarged section of g, modified form
of the invention: and |

Fig. 5 illustrates a so-called button type of
modification of the receiver of this invention.

Referring to Fig. 1 of the drawing, numeral 10
designates the receiver of the bone conduction

‘audiphone of this invention and includes a re-

cessed ear-piece { and g recessed cover 12, which
cooperate to form g housing for the electro-
magnetic means adapted to vibrate the receiver
10 as a unit. A small electric cord 13 is con-
nected to the receiver 10, and contains two wires

in the circuit of a battery 14 and microphone {5. __

Suitable amplifying means, not shown, may also
be provided. |

The configuration of the ear-piece 11 is illus-
trated in Figs. 2 and 3 and it includes a stem 16
adapted to fit part way into the auditory meatus
M of the ear: a substantially flat surface 17
adapted to engage the firm face of the concha C;:
a double-concave portion 18, shaped to closely
cngage and preferably partially distort the tragus
T to insure intimate contact therewith, and a
horn-like extension 9 adapted to lodge in the
recess of the anti-helix. Ear-piece {[ is prefer-
ably formed of initially bPlastic material, such
as hard rubber, a phenolic resin, or the like, and
may be provided in several sizes to fit the left
and right ears of the average user or may be
specially shaped to fit the ear of an individual
user from a mould formed of an impression taken
in wax of the shape of the outer ear.

The projection 16, adapted to be inserted part

- way into the auditory meatus M, serves princi-

pally as a supporting member as does the horn 189,
while the surfaces {7 and I8, principally the lat-
ter, serve the important function of transmitiing
vibrations to the firm portion of the face of the
concha C and to the tragus T, respectively, al-
though part 16 and the other surfaces of the ear-
piece 1§ which engage the other cartilaginous
portions of the ear also transmit some vibration.

The cap 12 is sutiably secured to the ear-piece
I1 and forms the chamber
tromagnetic vibrating means is housed. The
reed 21 of the electromagnetic means is rigidly
secured to that surface of the ear-piece {1 which

forms the bottom of the chamber 20, and one

end 22 thereof is preferably bent at right angles
and carries bar magnet 23, having at its free
end the pole piece 24, which forms 8 narrow air

gap with the corresponding surface of the reed 21.

A speech coil 25, mounted on the bar magnet 23,

Is connected by two fllaments 26 to a pair of
sockets 27 inserted in the cover i12 and adapted
to frictionally receive the connectors 28 of the
electric cords 13. |

Energization of the speech coil 20 by voice cur-
rents developed by the microphone i§ In response
to sound, causes relative vibration between the
magnetic structure elements, including parts 23,

20 in which the elec-

24 and 28, and the reed 21 in accordance with
the well known electromagnetic phenomenon.
Because the inertia of the relatively heavy mag-
netic structure 23, 24, 25 is considerably greater
than the inertia of the light reed 21 and its
appurtenant parts, the magnetic structure in
effect remains stationary and the reed and its
appurtenant parts vibrate relatively thereto, so
that the entire receiver 10 vibrates as a unit, thus
transmitting its vibrations to the tragus T, and

to the other cartilage engaged thereby, through

the bone intervening between the outer ear and

the inner ear, so that the sound 1s conducted

through the bone to the inner ear and the user
hears the sound. |

In the modified form of the invention illus-
trated in Fig. 4, the ear-piece 29 is shaped in
the manner described and is provided with a
socket 30 in its outer flat surface, this socket

‘having an annular spring wire 31 for rigidly re-

ceiving the annularly-grooved tip of a button-like
extension 32 secured to the relatively stiff dia-
phragm 33 of a circular telephone receiver of the
so-called midget type, which includes the two-
part casing 34 housing the speech coils 3% ‘and

the permanent magnet 36. The receiver is ac-

cordingly supported by its diaphragm 33.

When the receiver of Fig. 4 ig connected in
the circuit shown in Fig. 1, and the speech coils
3% energized in accordance with sounds picked
up by the microphone 15, the diaphragm 33 is
vibrated but, because the entire receiver is sup-
ported by this diaphragm through the connection
between button 32 and ear-piece 29, the heavy
magnetic structure of the receiver in effect re-
mains stationary, and the reaction of the vibra-
tion of the diaphragm 33 causes the entire re-
ceiver to vibrate, producing the effect described
in connection with the recelver ijllustrated in
Figs. 1, 2 and 3.

In the modified form of the invention illus-
trated in Fig. 5, the midget receiver casing 37
is screwed into a socket formed on the face of
the ear-piece 38, or is otherwise secured there-
to. A button 39 is secured to the diaphragm 40
and passes plunger-like through an opening in

1€

15

40

45

the ear-piece 38, projecting slightly beyond the
surface thereof, for example, approximately 14,

of an Inch or a distance of that order, so as to en-
gage the firm face of the concha C when this re-
celver is mounted in the ear. As the speech coils
41 of this receiver are energized in the usual
way, vibrations of the diaphragm 40 are not com-
municated to the ear-piece 38, but are directly
transmitted by the button 39 to the firm surface

~of the concha C, which with the intervening car-

tilage and bone conducts the vibrations to the
inner ear. Instead of engaging the firm surface
of the concha C, the button 39 may be arranged
to engage the tragus T, the walls of the auditory
meatus M, or some other firm portion of the
outer ear for conducting the sound through the
cartilage and bone in the manner described. |

It will be seen that, as was suggested in the
aforementioned copending application, vibrations

which enable a deaf person to hear may be con-

ducted to the inner ear by the cartilaginous por-
tions of the outer ear as well as directly by the
bone structure and that, because of this property
of the cartilage of the outer ear, a bone receiver
may be conveniently supported by the outer ear,
thus dispensing with headbands and other ex-
traneous holding means and, in some cases, se-

- curing better hearing for the users than with
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other bone conduction instruments, because, in 7
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those cases, conduction by the cartilage appears

to be more efficient than that by the skull bones.

While the devices illustrated and described
herein represent preferred embodiments of the
invention, it is to be understood that the inven-
tion is not limited thereby, but is susceptible of
changes in form and detail within its scope.

I claim: - |

i In an audiphone, the combination of &
member operatively engaging & cartilaginous
portion of the outer ear and shaped to substan-
tially conform to the contour thereof, and elec-
tromagnetic means carried by the member for
bodily vibrating itself and the member by reac-
tion in accordance with sounds within the audible
frequency range for transmitting the vibrations
by means of the member through said cartilagi-
nous portion and intervening bone to the Inner

ear of the user. _
92 In an audiphone, the combination of &

member operatively engaging a cartilaginous por-
tion of the outer ear, said member being shaped
to substantially conform to the contour of said
cartilaginous portion, and electromagnetic means
carried by the member for bodily vibrating it-
self and the member by reaction in accordance
with sounds within the audible frequency range
for transmitting the vibrations by means of the

member through said cartilaginous portion and

intervening bone to the inner ear of the user.

3 In zn audiphone, the combination of a
member operatively engaging a cartilaginous por-
tion of the outer ear, said member being shaped
to substantially coniorm to the contour of the
outer ear and having a portion for at least par-
tial insertion into the auditory meatus of the ear,
and electromagnetic means carried by the mem-

‘per for bodily vibrating itself and the member

by reaction in accordance with sounds within the
sudible frequency range ior transmitting the vi-
brations by means of the member through said
cartilaginous portion and intervening bone to the

inner ear of the user. _
4 In an audiphone, the combination of &

member operatively engaging a cartilaginous por-
tion of the outer ear, sald member being shaped
to support itself within the outer ear, and elec-
tromagnetic means carried by the member for
bodily vibrating itsell and the member by reaction
in accordance with sounds within the audible
frequency range 1or transmitting the vibrations
by means of the member through said cartilagli-
nous portion and intervening bone to the inner

ear of the user.
5. In an audiphone, the combination of a

member operatively engaging a cartilaginous por-

tion of the outer ear, said member being shaped

to substantially conform to the configuration of
ot least a part of the outer ear for support there-
by, and electromagnetic means carried by the
member for bodlly vibrating itself and the mem-
ber by reaction in qccordance with sounds within
the audible frequency range for transmitiing
vibrations by means of the member through the
cartilaginous portion and intervening bone to
the inner ear of the user. |

6. In an audiphone, the combination of &
member operatively engaging a cartilaginous por-
tion of the outer ear, meals shaped to substan-
tially conform to the contour of the outer ear for
supporting the member within the outer ear, and
electromagnetic means carried by the member for
bodily vibrating itself and the member by re-
action in accordance with sounds within the audi-
ble frequency range ior transmitting the vibra-

3

tions by means of the member through sald car-
tilaginous portion and intervening bone fo the
inner ear of the user.

7 In an audiphone, the combination of a
member operatively engaging a cartilaginous por-
tion of the outer ear, an ear-piece shaped to con-

form to the configuration of at least a part of

the outer ear for supporting the member, and
electromagnetic means carried by the member for
bodily vibrating itself and the member by reac-
tion in accordance with sounds within the qudible

10

frequency range for transmitting the vibrations by -

means of the member through said cartilaginous
portion and intervening bone to the inner ear of
fthe user.

8. In an audiphone, the combination of &
member operatively engaging a cartilaginous Por=-
tion of the outer ear, an ear-piece shaped to suba-
stantially conform to the contour of the puter ear
for supporting the member in the outer ear and
having a portion for at least partial insertion into
the auditory meatus of the ear, and electro-
magnetic means for bodily vibrating itself and
the member by reaction in accordance with
sounds within the audible frequency range for
transmitting the vibrations by means &€ the mem-
wer through said cartilaginous portion and inter-

vening bone to the inner ear of the user.

9. In an audiphone, the combination of 2
member shaped to fit into the outer ear and
having a portion operatively engaging the tragus
of the ear of the user, and electromagnetic means

for vibrating the portion In gecordance with

sounds within the audible frequency range for
transmitting the vibrations by means of sald por-
tion through the said tragus and intervening bone
to the inner ear of the user. |

10. In an audiphone, the combination of a
member shaped to fit into the outer ear and hav-
ing a portion operatively engaging the firm face
of the concha of the ear of the user, and elec-
tromagnetic means for vibrating the portion in
accordance with sounds within the gudible fre-
quency range for transmitting the vibrations by
means of said portion through the said firm face
of the concha and the intervening bone to the
inner ear of the user.

11 In an audiphone, the combination of &
member operatively engaging the tragus and the
Arm face of the concha of the ear of the user, ahd
electromagnetic means for bodily vibrating itself
and the member by reaction in accordance with
sounds within the audible frequency range for
transmitting the vibrations by means of the
member through the said tragus and conchg and
intervening bone to the inner ear of the user.

19. In an audiphone, the combination of a
member operatively engaging 2 cartilaginous por-
tion of the outer ear and supported by the outer
ear, electromagnetic means carried thereby and
adapted to respond to varying currents substan-
tially throughout the audible frequency range, an

element vibrated thereby, and an operative con-

nection between said element and the member,
whereby the vibrations of the element are trans-
mitted by the member through the said cartilagi-
nous portion and intervening bone to the inner
ear of the user. |

13. In an audiphone, the combination of a
member shaped for support by the outer ear and
operatively engaging & cartilaginous portion of
the outer ear, electromagnetic means adapted to
respond fo varying currents substantially
throughout the audible frequency range, an ele=
ment carrying the means and vibrated thereby,
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4.

- contour of the outer ear of the user for operative
.10 contact ' with :
~ thereof, a telephone. receiver and an operative
SR ’connection between the receiver: diaphragm and
. the ear-piece whereby energization of the re- - user.
. celver by voice currents causes the dlaphragm to - = -

2,148,477

and a. supporting: and operative connection be-  bodily vibrate the receiver and ear-piece by reac-- .

tween said element and the member, whereby
the bodily vibrations of the element, means and -
EEEE member are transmitted by the member through =
. 5 the said carcilaginous portion and intervening .
RS :bcme to the inner ear of the user. |

. . 14, In an audiphone the combination of an
SRR ear-plece shaped to substantially conform to the

tacting cartilaginous portions of the outer ear

and intervening' bone to the mner ear of the user, - .: .

15, In an audiphnne the combination of an

tion for transmitting vibrations through the con-- o

!

Y ear—-piece shaped to substantially conform to the
~outer ear of the user, a telephone receiver sup-
- ported thereon, and a button vibrated by the re-

ceiver in response to voice currents and opera- o

certaln  cartilaginous portions tively engaging a firm portion of the outer ear I
~ within the latter for transmitting the vibrations

through said ﬂrm pﬂrtmn to the mner ear of the; | :
' HENRY KOCH.
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