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This invention relates to small magnetic mi-
crophones, such as used in hearing aids.

Heretofore, magnetic microphones have been
either too large and bulky, or too low in efficiency
for satisfactory use in hearing aids. 'The cost
of such microphones also has been a serious fac-
tor in limiting their use. Therefore, the standard
microphone for vacuum tube hearing aids has
been the Rochelle salts crystal type. While effi-
cient and cheap, the erystal microphone has
some serious disadvantages. First, the crystal is
destroyed by temperatures in excess of about 120°
F. Second, the crystal is slowly but surely dam-~
aged by the humidity conditions encountered in
hearing aid use. Third, at the usual operating
temperatures of about 90° F. the efficiency is ap-
preciably lower, particularly at the low frequen-
cies, than at usual room temperature.

It is among the objects of this invention to
provide a magnetic microphone which is free
from temperature and humidity failures; which
has an efficiency essentially the same as that of
a good crystal microphone; which is small and
light-weight; which is sufficiently sensitive for
hearing aid use; which has very flexible and
easily adjusted frequency response characteris-
tics that are particularly suited to hearing aid
use; which can be easily manufactured and ad-
justed and tested; and the output of which is
not seriously affected by temperature changes.

In accordance with this invention, a diaphragm
adapted to be vibrated by sound waves is con-
nected by a drive pin to a smaller and stiffer dia-
phragm which therefore is driven by the first dia-
phragm. = A magnet-pole piece system which in-~
cludes the usual permanent magnet and one. or
more pole pieces with coils wound on them, is
spaced by an air gap from the small diaphragm.
Electric voltage is generated in the coil or coils
-as the width of the air gap is changed by the vi-
brating small diaphragm. The large diaphragm,
which receives the sound waves and has high
compliance, forms with a supporting case a rela-
tively large chamber that does not reduce mate-
‘rially the compliance of the vibratory system. Al-
most all of fhe stiffness of the system is in the
small diaphragm, so that a stronger magnetic
system can be employed for a given desired total
compliance at lower frequencies. Also, acoustical
damping means are associated with the small dia-
phragm, and therefore a larger cavity behind the
large diaphragm is permitted than would be possi-
ble if the damping system were associated with
the large diaphragm, as is the .ususl practice.
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.The magnetic system preferably is mounted in a

second smaller case detachably connected to the
outside of the back wall of the main case, the
back wall being .provided ‘with an opening that
is  covered by the small diaphragm. The large
chamber inside the main case may be coupled to
the outside of the case by an accoustic inertance
to increase the response in the low frequency por-
tion of the range covered by the microphone.
The preferred embodiment of the invention is
iHustrated in the accompanying -drawings in
which Fig. 1 is a side view of the microphone:
Fig. 2 is an enlarged transverse section taken on
the line IT—IT of Fig. 1, with the magnetic sys-
tem shown in plan; Figs. 3 and 4 are vertical sec-
tions taken on the lines IIT—IIT and IV—IV, re-
spectively, of Fig. 1; Fig. 5 is a fragmentary
transverse section showing a modified arrange-
ment for the small diaphragm; and Fig. 6 is a
graph showing two different response curves.
Referring to the drawings, the main cup shape
case { of the microphone is made of some suit-
able metal, the choice of which will depend on
the method of diaphragm clamping. The open
front of the case is closed by a diaphragm 2 ce-
mented to the front edge. This diaphragm pref-
erably is formed from aluminum foil and is dished
to strengthen it.  Inside of the case there is a
drive pin’ 3, the front end of which is cemented
to the center of the diaphragm.  The rear end of
the pin is connected in a manner to be described
presently to the center of a second diaphragm 4,
preferably of magnetically permeable material,
which is considerably smaller and stiffer than
the other diaphragm. The back wall of the case
has a central opening 6 encircled inside the case
by a recess containing a circular seat 7 machined
in the back wall.- The small diaphragm rests
freely -against the seat to provide freedom -from
appreciable air gap chahges with temperature,
and is prevented from moving radially by the
wall of the seat recess. Machining of the case
to give accurate spacing of the diaphragm from

‘the outer surface of the .case is accomplished

easily. The small diaphragm is locked in the re-
cess by a circular cover plate 8 fastened to the
back wall of the case by serews 9. The back side
of the plate is provided with a eircular recess of
slightly less diameter than diaphragm 4 with
which the plate forms a narrow cavity or chamber
fi. A large chamber {2 remains between the
plate and the large diaphragm.

Although the small diaphragm may itself serve
as ah armature, it is preferred to mount one or
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two magnetic armatures on the center of the dia-
prhragm to carry magnetic flux without saturation.
When two armatures are used, they may be small
circular disks 13 and 14 that are clamped against
the opposite sides of the diaphragm by the drive
pin.. ‘For this purpose the rear end of the pin
has a head 15 which engages the rear disk, and
the portion of the pin. directly in front of the
front disk is shaved back to rivet it over that disk
and thus clamp the two disks against the op-

posite sides of the diaphragm. By initially hav-.
ing the center portions of the disks-bowed away

from the diaphragm, their edges will tightly en-
gage it when they are flattened against the dia-
phragm. The use of two armatures prevents the
diaphragm from being dlstorted by the clampmg
pressure.
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The plate 8 is provided with a central opening

1T through which drive pin 3 extends, but this
opening is sealed by a very thin sheet of rubber
"18°that snugly engages the pin and is cemented
‘to the plate. This: seal ‘has very: low acoustic
“transmission,; "buf is flexible enough.to permit
free vibration of ‘the drive pin. Thé plate is
provided with a second opening 19 that is covered
by suitable acoustic damping resistance material,
of which several kinds are well-known. One of
- the simplest is a piece of sﬂk 20 cemented across
the opening. B

- Inorderto increase the low frequency response, '

;8 small tube-22 -having a length of the-order
-of -one-half inch  and: a. diameter of % inch is
- supported in the large chamber 12 of the case by
a-hollow angle member 23, the outer end of which

.is- mounted .in- a “hole in the back wall of the-

.ease near its side wall. - The outer end of the hole
»through this member is threaded so that it may
be plugged-by a screw (not shown) to eliminate
the increase.in low. frequency response produced
"by .the tube in cases where the users hearing
_loss indicates that to be desirable.
. ‘The small diaphragm 4 forms part of an
electro-magnetic - generating system by which
the movements of the diaphragms are converted

_into electrical energy. The rest of the generating ¢

system is formed fromr a magnet-pole-piece sys-
-tem spaced by an air gap from the back side of
the small diaphragm. This system includes a
permanent magnet 26, preferably of some strong-
.1y magnetic material, and. forwardly extending
pole-pieces 27 of highly magnetically permeable
material on which electric coils 28 are mounted.
The front ends of the pole-pieces are :spaced a
short distancé from the rear armature disk {3
‘to prov1de the usual air gap. This magnetlc
system preferably is connected by screws 29 to
‘the back wall of a small cup-shape case 31 that
“has an open front.  The front edge of this case
is surrourided by an integral flange 32 through
which extend screws 33 that also extend through
‘the back wall- of the main case | and are
:threaded in the plate 8. The front surface of the
‘flange 32 lies in a plane perpendicular. to the
‘axes of both cases, and the front ends of the
pole-pieces project from: the front of case 31 and
-are accessible for accurate grinding in a plane
‘parallel to and a constant distance from the
front plane of the flange. Accurate adjustment
‘of ‘the air gap in front of the pole tips can be
accomplished, when necessary, by inserting thin
-shims between .the two cases, or by partial de-
-magnetization of permanent magnet 26. The
 latter method can be used only for a very small
range of accurate adjustment. One end -of coils
-28 is grounded to case 381, and the other end 30
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extends through the side wall of that case for
connection in a hearing aid circuit.

Although the free contact of the small dia-
phragm with seat 7 gives freedom from appre-
ciable air gap changes with temperature;, rattle
may occur if the diaphragm is not perfectly flat
or is not pulled against the seat with sufficient
force by the permanent magnet. Therefore, it
sometimes is desirablé to clamp the edge of the
diaphragm tightly between its seat and plate 8.

“For this purpose, as shown in Fig. 5, the back

side-.of the plate is provided with an anrular
rib 36 which presses the edge of the diaphragm
‘against the seat. 'If maximum freedom from
thermal effects is necessary, the material of
case | and plate 8 should have the same coefficient
of-thermal expansion as the diaphragm £ to pre-
vent reduction and possible closure of the air
gap at low temperatures. It usually is desirable
to use a magnetic diaphragm 4, and case | and

-plate 8 also may be made from-the same mag-

netic material.: However, small case 31 should

~be made of non-magnetic material to prevent

serious shunting of the permanent magnet. As
the small case is short in the direction perpen-
dicular to the diaphragms, ifs expansion and

-contraction at a different rate than the pole-

pieces and other parts has little effect on the
air gap. By also providing- diaphragm -4 with
only one armature, as shown in Fig. 5, a consid-
erably higher resonant frequency for-the system
can be obtained. When g single armature 37
is used, it is soldered or cemented to the front
of the diaphragm so that it will not be necessary
to depend on riveting, which might distort the
diaphragm, to hold the armature: in place. The
drive pin is riveted over the armature -merely
to rigidly connect the pin to the armatule and
small diaphragm.

The primary purpose of th1s invention is to
brovide a high-output, small size magnetic micro-
phone with frequency response characteristics
suitable for hearing aid use. The response of
such a microphone need not extend below a fre-
quency of 250 to 400 cycles. This is advantageous
because ‘it reduces noise and prevents overload-
ing from the higher speech powers encountered
at low frequencies. - A definite need for more am-
plification in the range from about 1509 to 4000
cycles than in the region below this should also
be kept in mind. The effects of head diffraction
and ear canal rescnance give an individual who

"is not using a hearing aid a considerable amount

of amplification at the higher frequencies above
about 1500 cycles. To give a net “flat” response
curve with a hearing aid, some element in the

‘system must provide selective amplification of

the high frequencies to give the. most natural
sounding results.  Also, the bafile effect when a
hedring aid is worn increases the low frequency
response below about 1000 cycles, thereby further

* increasing the desirability of added high fre-
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quency response in-the hearing aid to give bal-

-anced performance. The microphone of the pres-

ent invention is particularly adapted to be con-

-structed with response characterlstlcs sultable for
.hearing aid use.

. The diaphragm 2 has a relatively large effective

‘area A1 (about 135’’ outside diameter is suitable)

with a compliance C: and a mass Mi. This dia-
phragm converts sound pressure on its surface
into a force driving the second diaphragm assem-
bly, consisting of the small didphragm 4, arma-
tures 13:and- {4 and drive pin 3, having a mass
Mz, -a-compliance: Cz, and an effective area As.
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In back of the large diaphragm is a cavity of
acoustical complianee Ca: coupled to the outside
of case I by the tube 22 having an inertance Mai
and an acoustical resistance Rai. The effect is
to raise the low freguency response by some fif-
teen decibels at some peak frequency. Generally,
the resonant effect of tube 22 is made to be maxi-
mum af from 300 to 490 cycles, although it can
be raised or lewered to reduce or extend the fre-
quency. ranhge of the microphone. The cavity
compliance Cai is also coupled to the small cavity
11, - whose accustic compliance is Ca2, by the
acoustic resistance Raz formed by the silk 20 cov-
ering hole 19 in plate 8. The small diaphragm is
also coupled to cavity I{ since it forms one wall
of if, and also it is coupled to the cavity in case
31 behind it, which has an acoustical compliance
‘Cas. The acoustical compliance Caz of cavity (1
in front of the small diaphragm, taken in con-
junetion with the damping element Raz, can be
used to control the damping of the principal peak
in the microphone response. The magnetic sys-
tem is coupled to the small diaphragm, and has
the effect of increasing the compliahce Ciz be-
cause of the action of the permanent magnet, and
of increasing the effective mechanical resistance
of the second or rear diaphragm system, depend-
ing on the electrical load placed across the micro-
phone coils. The output of the microphone de-
pends on the alternating velocity of the second
diaphragm system, and for a flat output this
velocity should be approximately constant with
frequency. For the shape of output curve desir-
able for hearing aid use, the velocity should be
roughly constant from 300 to 1000 cycles, and
should rise to a higher level ahove this. Because
of the increasing alternating velocity of the small
diaphragm for a given amplitude of vibration at
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high frequencies, the response at frequencies

above rescnance does not drop off rapidly, but
extends well over 6000 or 7000 cycles. A top limit
of 4000 cycles is all that is needed for good hear-
ing aid reproduction.

Response curves of actual experimental micro-
phones made according to this invention are
shown in Fig. 6. Approximate values for the
acoustical and mechanical elements of the micro-
phones are listed in the table below for the two
curves:

Curve A | Curve B
5 5
3X10-6 3X10-¢
e 1.1 11
-| 1.25X10-7 0. 2X10-7
5X10-7 5X10
0.25 0.25
6X10-% 6108
3.8 3.8
900 900

While the above values are representative of
successful microphones made according to this
invention, relatively large departures may bhe
made from those values without affecting the
scope of the invention. Values of

CiXC,
Ci+Cs

as low as 2 10-8 ¢gs units have been successfully
employed.

The curves illustrated in Fig. 6 were taken in
conjunction with a miniature input transformer
and represent the voltage available at the grid of
the first amplifier tube in the usual hearing aid
amplifier. Curve A is that of a microphone hav-
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ing high sensitivity with ‘a moderate peak in re-
sponse hetween 1500 and 3000 cycles, at the prin-
cipal resonant frequancy of the vibratory system.
The amount of the peak response is limited by
the acoustic resistance 28. At low frequencies,
due to the action of the tube 22, the response
holds up down to about 300 cycles.

Curve B is that of a microphone very similar
to the one of curve A. The volume of cavity i,
however, has been reduced, and its compliance
lowered, resulting in a much greater damping
action by the acoustic resistance 20, and flatten-
ing out the peak to a gently rounded form. This
type of curve is particularly well suited for hear-
ing aid use.

According to the provisions of the patent stat-
utes, T have explained the principle of my inven-
tion and have illustrated and described what I
now consider to represent its best embodiment.
However, I desire to have it understood that,
within the scope of the appended claims, the in-
vention may be practiced otherwise than as spe-
cifically illustrated and described.

Iclaim:

1. A magnetic microphone comprising a dia-
phragm adapted to be vibrated by sound waves, a
stiff pin having one end connected to the dia-
phragm and driven thereby, a smaller and stiffer
diaphragm driven by the pin, a magnet-pole-
piece system spaced by an air gap from the small
diaphragm for generating electrical voltage as
the width of said air gap is changed by the vi:
brating small diaphragm, a case surrounding the
space between the two diaphragms and support-
ing them, a plate mounted in the case between
the two diaphragms and separating the space
between them into a large chamber behing the
large diaphragm and a small chamber in front of
the other diaphragm, said plate being provided
with an opening for passage of said pin, and a
flexible sealing member engaging the pin and
secured to the plate around it to seal said open-
ing, said plate being provided with a second
opening, and acoustic damping resistance mate-
rial covering said second opening.

2. A magnetic microphone comprising a dia~
phragm adapted to be vibrated by sound waves, a
pin having one end connected to the diaphragm
and driven thereby, a smaller and stiffer dia-
phragm driven by the opposite end of the pin, a
wall separating the space between the two dia-
phragms into two chambers of unequal size, the
small diaphragm forming one side of the smaller
chamber, said smaller chamber being sealed ex~
cept for an opening through said wall, acoustic
damping resistance material covering said open-
ing, and a magnet-pole-piece system outside of
said chambers and spaced by an air gap from the
small diaphragm for generating electrical volt-
age as the width of said air gap is changed by the
vibrating small diaphragm.

3. A magnetic microphone comprising a case
having an open front and a central opening in its
back wall, a diaphragm closing the open front of
the case and adapted to be vibrated by sound
waves, a pin in the case having its front end con-~
nected to the diaphragm and driven thereby, a
smaller and stiffer diaphragm in the case en-
gaging the inner surface of said back wall around
said opening, the rear end of the pin being con-
nected to the small diaphragm for driving it, a
magnet-pole-piece system connected to the out-
side of said back wall and having its pole-piece
portion spaced by an air gap from the small dia-
phragm, a plate mounted in the case between the
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two diaphragms and dividing the space between
them into a large chamber behind the large dia-
phragm and a small chamber in front of the
other diaphragm, the plate being provided with
an opening for passage of said pin, flexible ma-
terial engaging the pin and secured to the plate
around it to seal said opening, the case being pro-
vided with a hole that opens into the space be-
tween. the two diaphragms, and a small tube
inside the case connected to said hole for increas-
ing the low frequency response of the micro-
phone, said plate being provided with a second
opening, and acoustic damping resistance mate-
rial covering said second opening.

4. A magnetic microphone comprising a case
Kaving an open front and a central opening in
its back wall, a diaphragm closing the open front
of the case and adapted to be vibrated by sound
waves, a pin in the case having its front end con-
nected: to the diaphragm and driven thereby, a
smaller and stiffer diaphragm in the case-en-
gaging the inside of said back wall around said
opening, the rear end of the pin being connected
to the small diaphragm for driving it, a plate
fastened: to the inside of said back wall around
said opening and spaced from at least the major
portion of the small diaphragm to form a cham-
ber in front of it, said plate having an opening
through it for said pin, flexible material engaging
the pin and secured to the plate around it to seal
said - opening, said plate being provided with a
second opening, acoustic damping resistance ma-
terial covéring the second opening, and a mag-
net-pole-piece system connected to the outside of
said back wall and having its pole-piece portion
spaced by an air gap from the small diaphragm.

5. A’ magnetic microphone comprising a case
having an open front and a central opening in its
back wall, the inside of said back wall being pro-
vided with a recess around said opening, a dia-
phragm closing the open front of the case and
adapted to be vibrated by sound waves, a pin in
the case having its front end connected to the
diaphragm and driven thereby, a smaller and
stiffer diaphragm in said recess engaging said
back wall around said opening, the rear end of
the pin being connected to the small diaphragm
for driving it, a plate fastened to the inside of
said back wall around said recess and having a
recessed back side of smaller diameter than the
small diaphragm to provide a chamber in front
of the small diaphragm, said plate having an
opening through it for said pin, a flexible sealing
member engaging the pin and fastened to the

plate around it to seal said plate opening, the 5

plate heing provided with a second opening,
acoustic damping resistance material covering
said second opening, and a magnet-pole-piece
system connected to the outside of said back wall

and having its pole-piece portion spaced by.an 6

air gap from the small diaphragm,
6. A magnetic microphone comprising an elec-
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‘tro-magnetic generating system including a dia-
phragm, a drive pin connected to the diaphragm,
a largey and more flexible diaphragm spaced
from the other diaphragin and adapted to be
vibrated by sound waves, the large diaphragm
being connected to the pin for driving it, a case
surrounding the space between the two dia-
phragms and supporting said system, and a plate
mounted in the case between the two diaphragms
and dividing the space between them into g large
chamber behind the large diaphragm and a small
chamber in front of the other diaphragm, said
small chamber being sealed except for an‘acous-
tic resistance opening of very small size through
the plate.

7. A magnetic microphone comprising a case
having an open front and a central opening in its
back wall, a diaphragm closing the open front of
the case and adapted to be vibrated by sound
waves, & pin in the case having its front end con-
nected to the diaphragm and driven thereby, a
smaller.and stiffer diaphragm in the case engag-
ing the inside of said back wall arocund said open-
ing, the rear end of the pin being connected to
the small diaphragm for driving it, a plate fas~-
tened .to the inside of the back wall around said
opening and spaced from at least the major por-
tion of the small diaphragm to form a small
chamber in front of it, said plate having an open-
ing through it for said pin, means sealing said
plate opening, said plate being provided with a
second opening, acoustic damping resistance ma-
terial covering said second opening, a second
cup-like case having an open front surrounded by
a flange, fastening members detachably connect-
ing said flange to the outside of said back wall
around said opening, and a magnet-pole-piece
system mounted in said second case with the
front face of its pole-piece porticn lying in g
plane parallel to the plane of the front face of
said flange, said pole-piece portion being spaced
by an air gap from the small diaphragm. ’

SAMUEL F, LYBARGER.
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