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ELECTROMAGNETIC RECEIVER
Toshio Hayasaka, Keunro Masuzawa, Ryoze Araki, and
Kiyoshi Tajima, all of Tokyo, Japan, assignors {o Nip-
pon Telegraph and Telephone Public Corporation,

Tokyo, Japan, a public corporation of Japan

Filed Dec. 12, 1960, Ser. No. 75,164

16 Claims. (Cl. 179—115)

This invention relates to an unbalanced-type electro-
magnetic receiver for telephones. The unbalanced type
electromagnetic receiver mentioned herein is defined as
a receiver, which has a magnetic pole on only one side
of the armature and no magnetic members on the other
side.

In the electromagnetic receiver according to the present
invention, an armature is provided on the opposite side of
the magnetic pole face of a magnetic circuit through a
diaphragm made of a non-magnetic body.

An obiject of the present invention is to provide a stable
and highly sensitive receiver.

Another object of the present invention is to provide a
receiver wherein a magnetic gap is made large through a
diaphragm of a non-magnetic body located between the
magnetic pole face of a magnetic circuit and an arma-
ture and without varying the air gap so that the influence
of the amount of creep of the diaphragm due to the mag-
netic attractive force normally acting on the diaphragm
may be reduced and the accident of contact due to im-
purities entering said air gap may little occur.

In the accompanying drawings,

FIGURE 1 is a sectional view of a magnetic circuit in
a conventional receiver.

FIGURE 2 is a seciional view of the magnetic circuit
of a receiver according to the present invention.

FIGURE 3 is a characteristic diagram for explaining
a conventional receiver.

FIGURES 4, 5 and 6 are sketches showing the correla-
tions between the diaphragm and the armature.

FIGURE 7 is a characteristic diagram of the force
added to the diaphragm and the displacement.

FIGURE 8 is a diagram showing the relation between
the amount of creep of the diaphragm and the time.

FIGURES 9 and 10 are diagrams showing the relations
between the magnetic gap between the pole piece face and
the armature and the force.

FIGURE 11 is a plan view showing the relation between
the diaphragm and the armature.

FIGURE 12 is a vertically sectioned view of FIGURE
11,

FIGURE 13 is a vertically sectioned view showing an
embodiment of the receiver according to the present in-
vention.

FIGURE 14 is a characteristic diagram of the receiver
shown in FIGURE 13.

The most important to the performance of an unbal-
anced-type electromagnetic receiver for telephones is that
the sensitivity should be high over the required frequen-
cies and the operation should be stable.

The formula representing the sensitivity of a receiver
is given by the frequency of stiffiness control as in the
Formula 1:

(n
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wherein

P=Produced sound pressure,

Z=Receiver impedance,

A=Force factor of the receiver,

K=Bulk modulus of air,

S,=Fffective area of the receiver diaphragm,
V,=Volume of the coupler and

se=Stiffness of the receiver vibrating system.

In the Formula 1,
2)

So= wOZm 0
wherein

wo=2rfo=Resonant angular frequency and
mo=Effective mass of the receiver diaphragm.

Further, if the stiffness of the air chambers in front and
rear of the diaphragm is ignored, sy in the Formula 2 will
be as follows:

Sp=S00—5n (3)
wherein

seo=>Stiffness of the receiver diaphragm and
sn=Negative stiffness, or derivative of magnetic attrac-
tive force with respect to magnetic gap length.

In order to increase the sensitivity, the right side of the
Formula 1 may be made larger. If the size of the tele-
phone receiver is of a proper value (not varying Sg) and
7 is separately determined from the design of an anti-
side tone circuit, what is to be a reference in the design
will be

A

S0
If the relation in the Formula 3 is rewritten, it will be
as follows:

Sy=Sn(u—1) @

wherein

u=%—°=8tability factor
Thus, if s, is determined by the design of a magnetic cir-
cuit, it will be possible to make s, smaller by reducing the
stability factor p.

The method of designing a conventional receiver shall
be explained with reference to FIGURE 3. In the con-
ventional receiver, A and x are made separate references
in the design. As a method of making A larger, it is de-
signed to make the magnetic gap g smaller so that sgo
may approach the critical stability force u crit. that can
be taken against s, appearing in said magnetic gap. When
this is realized, for the critical value of the sensitivity, as
shown in FIGURE 3,

A

Su(w crit.—1)

will be larger and more effective as the magnetic gap is
made smaller. However, the defect of this method shall
be pointed out. If the normal magnetic gap is gb, the.
rise of the sensitivity will be able to be expected by mak-
ing it a magnetic gap ga smaller than it. On the other
hand, as the magnetic gap or air gap becomes narrower,
there will be caused the following disadvantages. First of
all, unless the tolerance of the mass production parts is
made strict, it will be difficult to limit g and therefore the
sensitivity in a fixed range. Then, in case g varies due to
the creep always existing in the diaphragm of an elec-
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tromagnetic receiver, the amount of variation of the
sensitivity will become large. Lastly, in case any dusts
or impurities come into or are generated in the air gap
by any cause during the manufacture or use, the narrower
the air gap, the more the contact accident will be likely
to ‘occur.

According to the present invention, a non-magnetic
diaphragm is placed on the armature side of the mag-
netic gap so that the magnetic gap may be made larger
without varying the air gap and the rise of the .sensi-
tivity may be expected without causing the above men-
tioned three defects. For experiments necessary there-
fore, there have been made precise measurements of the
relation between the magnetic attractive force and the
magnetic gap and of the displacement by the force of the
diaphragm and experimental measurements to see
whether the influence that can be newly caused by an eddy
current flowing to the metallic non-magnetic body placed
in the magnetic gap is small as compared with the ad-
vantage. As a result, it has been discovered that, by
adopting the method of the present invention, stable and
highly sensitive receivers can be designed.

The transmission band of the sensitivity of the receiver
will be determined by the resonant frequency f, and the
upper limit frequency of the transmission band must
satisfy the value given in advance by design conditions.
For example, in a receiver of the three-freedom vibrating
system, in case a deviation of about 3 db is given in the
range of 300 to 3600 cycles of the sensitivity frequency
characteristics, the resonant frequency f, will be about
1700 cycles. Therefore, it will serve for the increase of
sensitivity to simultaneously make s, and mg smaller while
satisfying the Formula 2.

A highly sensitive and stable receiver can be obtained
by making

A

So
larger by contriving the diaphragm and its driving method
as in the above. .

In FIGURE 1 is shown a magnetic circuit for a con-
ventional receiver. In FIGURE 2 is shown a magnetic
circuit for a receiver according to the present invention.
1 is an armature. 2 is an outer pole. 3 is an inner pole.
4 is a coil. 5 is a bobbin. In FIGURES 1 and 2, the
inner pole 3 is cylindrical. The coil 4 is wound on the
bobbin 5 fitted to the outside of said inner pole 3. How-
ever, in FIGURE 1, the outer pole 2 is wound concen-
trically and cylindrically on the outside of the coil 4. The
armature 1 is provided opposite the upper surfaces of the
inner pole 3 and outer pole 2. On the other hand, in
FIGURE 2, the outer pole 2 is bent inward, the armature
1 is made smaller and the opposed area of the armature 1
and outer pole 2 is the same as before. And yet the coil
4 is of the same size.

In case the outside diameter of the inner pole 3, the
thickness of the outer pole 2, the dimensions of the coil
4 and the thickness of the armature 1 in FIGURE 2 are
made respectively the same as those in FIGURE 1, the
outer pole 2 is bent inward as shown in FIGURE 2 and
the outside diameter of the armature 1 is made smaller
accordingly, if the electric performance, that is,

A

NZ
in the Formula 1 is measured, the same value as in
FIGURE 1 will be obtained. In other words, without
reducing the driving force, the mass of the armature can

be reduced.

On the other hand,
my==mgq-}-m,

(%)

wherein

mq=Effective mass of the non-magnetic body part of the
diaphragm and

mg=Mass of the armature.
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mg is so closely related with sq and the creep of the
diaphragm that it can not be made so small. Therefore,
as stated with reference to FIGURE 2, by making m,
smaller, m, can be made smaller.

Next, the diaphragm shall be considered. It is already
well known that the structure wherein, as shown in FIG-
URES 4, 5 and 6, a flexible part 6 is provided rather
inside the clamping surface on the periphery and the part
inside it is made spherical, conical or horny so as to vi-
brate integrally is good to make S, in the Formula 1 large.
However, when the relative characteristics of the force
and displacement in a formed diaphragm in which is
adopted such clamping method as in FIGURES 5 and 6
are measured, they will be as shown in FIGURE 7 in
which 7, 8 and 9 are of the case that the thickness of
the diaphragm is 0.06, 0.08 and 0.1 mm., respectively.
That is to say, the state of displacement when a force is
applied to the diaphragm will be linear when the force
is small or the thickness of the diaphragm is large or, in
other words, when the stress applied to the material of
the diaphragm is small. But, as the thickness of the dia-
phragm becomes smaller, the displacement will deviate
from the linear state even with a smaller force. Further,
the deviation will not be symmetrical when the direction
of the force is changed but, as shown in FIGURE 7, the
displacement will be smaller when the diaphram is pulled
in the direction of its convex surface than in the case
reverse to it.

In the case that a diaphragm is to be used in an actual
electromagnetic receiver, a magnetic attractive force will
act statically and a restoring force due to the deformation
of the diaphragm and said magnetic attractive force will
act in a balanced position, Therefore, for example, if a
diaphragm 0.06 mm, thick is used, it will be to be used in
such position as the point A or B in FIGURE 7. In
order to reduce sq and mz, which are conditions to obtain
high sensitivity as described above, it will be necessary to
use a diaphragm thinner than 0.1 mm. having such non-
linear displacement. There is a difference between the
case of using it at the above mentioned point A and the
case of using it at the point B. The former, that is,
the case of placing the magnetic circuit in the direction
of the convex surface of the diaphragm is more advan-
tageous and has such two advantages in stability as are
described below.

The first advantage is in the matter of creep. In case
a diaphragm is used in an electromagnetic receiver, its
magnetic gap will be made smaller than the initial value
by the creep of the diaphragm after the use for a long
time due to the magnetic attractive force constantly acting
on the diaphragm. If this phenomenon is large, the
sensitivity and other performances will vary until the tele-
phone receiver can be no longer used as such.

The amounts of creep of the same diaphragm in the case
of using it at the point A in FIGURE 7 and in the case
of using it at the point B as described above were actually
measured. An example of the results is shown in FIG-
URE 8, in which the curve A represents the amount of
creep shown when only a load was applied to the con-
cave surface part and a force was made to work in the
direction of the convex surface and the curve B represents
the amount of creep when a force was made to work in
the direction reverse to that in the curve A, respectively
corresponding to the cases that it was made to work at
the points A and B. The amount of creep of the former
is about ¥ that of the latter. That is to say, a stable re-
ceiver can be formed in such manner.

The second advantage is in the matter of stability re-
presented by x before. A diagram explaining this state
is shown in FIGURE 9 in which the abscissa represents
the magnetic gap between the pole piece surface and the
armature and the ordinate represents the force. In FIG-
URE 9, the curve a represents the magnetic attractive
force acting on'the armature. The curves b to d represent
the restoring force due to the displacement of the dia.
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phragm. The curve b is of the case that the magnetic
circuit was placed in the direction of the concave surface
of the diaphragm, showing that the magnetic gap g3 when
no attractive force of the magnetic circuit acts is pulled
by the attractive force so as be displaced by g5 to &1
and its restoring force F; is equal to and balanced
with the magnetic attractive force Fy at g, and is in 2
stationary state. As shown in FIGURE 7, the curve b
is curved downward in FIGURE 9. Now, if a non-
magnetic body of a thickness corresponding to the mag-
netic gap g, is present in the air gap, for example, on the
surface of the armature or the pole piece and the mini-
mum value (the air gap being zero) of the magnetic
gap is g, as in the relation between the curves a and
b in FIGURE 9, between the magnetic gaps g» and g,
the curve b will be always above the curve ¢ and the
restoring force of the diaphragm will be always stronger
than the magnetic attractive force. Therefore, as soon
as the armature is brought into contact with the surface
of the pole piece by any vibration, it will be returned to
the original position by the restoring force of the dia-
phragm and will operate stably as of a receiver. The
stability factor p at this time will be given by the ratio

Mb"‘_‘E
of the tangent s of the curve b at the point P to the
tangent s, of the curve a at the point P. Now, if the
balanced position is selected at the point P by varying the
stiffness of the diaphragm by varying the thickness or any
other dimension of the diaphragm, a curve like the curve
b as rotated around the point P or, for example, such
restoring foree curve as the curve b will be obtained. As
described above, it is a requirement for the receiver to
exist stably that these curves should not intersect the curve
& between the magnetic gaps g; and g;. In order that u
may be the smallest in the range meeting this require-
ment, evidently the curve b should be taken. That is
to say, in the case of the curve b

will be the critical stability force that can be reduced.

In case the magnetic circuit is placed in the direction of
the convex surface of the diaphragm, from the curve in
FIGURE 7, the restoring force will be, for example, as re-
presented by the curve ¢. If such curve as will give the
critical stability force is sought by reducing the stiffness
of the diaphragm in the same manner as in the preceding
case, the curve d will be obtained. The stability factor
«d in such case will be evidently of a value smaller than
that of the previously obtained ub. It is found that the
rise of the sensitivity can be thereby expected. Further,
the curve ¢ is represented to be a curve whose tangent
sgo at the point P is equal to that of the above described
curve b. The stability p and sensitivity of each are
respectively equal to those of the other. However, the
difference between the restoring force of the diaphragm
and the magnetic attractive force in the curve c is so
larger than in the curve b that the curve ¢ can be said
to be stabler.

The effect of the non-magnetic body provided in the
air gap shall be described. It has already been described
in the explanation on FIGURE 9 to insert a non-magnetic
plate of a thickness corresponding to gp into the air gap.
As the magnetic gap may be represented to be zero
instead of g, in FIGURE 9, it can be readily understood
that, even in case no non-magnetic plate is inserted, there
will be the same effect and exactly the same explanation
may be repeated. However, the non-magnetic plate is
effective in itself to reduce the stability factor u.

In order to explain this point, reference is made to
FIGURE 10 in which the curve a is a magnetic attractive
force curve and the curves b to d are diaphragm restoring
force curves and are curved as described above. (In the
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drawing, they are represented in straight lines to avoid
complicacy, because curves in two directions and straight
lines are all represented. Exactly the same explanation
can be established on each curve.) The critical value to
which the stiffness of the diaphragm can be reduced in
case it is used in the magnetic gap g; without placing the
non-magnetic plate as in a conventional receiver is given
by the curve b intersecting at the point P3. The critical
stability force at the point Py in this case shall be ub.
Then, in case the non-magnetic plate g, is placed, the
critical value of the diaphragm restoring force will be as
shown by the curve ¢ and the critical stability force uc
will evidently become smaller than pb. However, the
air gap length in this case will be g;—g, and will be smaller
than the air gap length g; in the case of the curve b.
With this only, in the case of an accident that dusts or any
other impurities enter the air gap due to any cause, the
operation as for a receiver will be likely to become in-
sufficient. ‘Thus, it is not always advisable. Therefore,
when the nen-magnetic plate g, is put in, if the magnetic-
circuit is made longer by the same length as the thickness
and is operated with g,’, the critical stiffness will be as in
the curve d and the stability factor in such case will be
ud. Now, by the actually measured results, the stability
factor and other characteristics in the case that the dia-
phragm of the curve d was used at the point Py shall be
compared with those in the case that the curve b was
used at the point P;. As an example, the values in the
case that the thickness of the non-magnetic plate was 0.03
mm. are as shown in the following table:

Magnet- Critical | A, dyne/
jc gap, |sn, 108 dyne/om. | stability | amp. -
mm. foree, u So
In the ease of
point P and
CUrve dueeane 0.20 ( 0.185 | 0.320 1.73 | 1.0X108| 0.19
In the case of
point P; and
curve b.___... 0.15 | 0.242 § 0.627 2,59 1 1.1X108 | 0.14

As understood from the table, the effect of reducing the
stability x by placing a non-magnetic plate is larger than
the reduction of the force factor due to the necessity- of
enlarging the air gap and is about 1.36 times as large in

A

So
as combined. When this value is used in the Formula 1,
the sensitivity will rise by about 2.6 db. In the range of
carrying out the above operation, the amounts other than
A and s, in the Formula 1 will not be varied at all.

FIGURES 11 and 12 show an embodiment in which a
non-magnetic plate is arranged. In the structure, an arma-
ture 1 is calked with several extrusions 16 in the center of
a conical diaphragm 18. The magnetic circuit is arranged
and driven in the direction of the convex surface of the
diaphragm 10 (downward in FIGURE 12). The thick-
ness of the material of the diaphragm corresponds to g,
shown in FIGURES 9 and 10, Thus there is an advan-
tage that, even if the strength of calking the armature is
weaker than in a conventional receiver in which the arma-
ture is directly opposed to the magnetic surface, the arma-
ture will not be peeled off by the magnetic attractive force.
Further, there is another advantage that the magnetic
atiractive force at the point g" in FIGURE 10 is so small-
er than at g that the fear of the creep of the diaphragm is
less.

FIGURE 13 illustrates an embodiment of an electro-
magnetic receiver according to the present invention. A
coil 4 is wound on a bobbin 5 fitted to the cutside of a
cylindrical inner pole 3. An outer pole 2 is arranged on
the outside of said coil 4. The forward end of said outer
pole 2 is bent inward, A magnet 12 is arranged outside
the bobbin 5. A magnetic circuit is formed of said re-
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spective parts. Further, the inner pole, bobbin, outer
pole, a ring 11 and a yoke 13 are fixed by the peripheral
part of the frame 14 so as to form a magnetic circuit.
On the other hand, an armature 1 is secured by being
calked with several extrusions 16 in the center of a dia-
phragm 16 made of a non-magnetic body. After said
armature 1 is arranged opposite said magnetic circuit
through the diaphragm, said diaphragm is fixed by a cas-
ing 15 and cover 17.

FIGURE 14 shows the frequency characteristics of the
receiver according to the present invention illustrated in
FIGURE 13.

What we claim is:

1. An unbalanced-type electromagnetic receiver com-
prising a conical diaphragm, an armature provided at the
center portion on the concave surface side of said conical
diaphragm and a magnetic circuit including a cylindrical
inner pole juxtaposed the center portion on the convex
surface side of said diaphragm to define an air gap there-
between and an outer pole arranged concentrically on the
outside of said inner pole,

2. An unbalanced-type electro-magnetic receiver com-
prising a non-magnetic conical diaphragm, an armature
provided at the center portion on the concave surface side
of said diaphragm and having the thickness of less than
0.08 mm., and a magnetic circuit including a cylindrical
inner pole provided at the convex surface side of said
diaphragm to define therewith an air gap having a length
greater than the displacement length wherein the relation
between the force and the displacement of said diaphragm
has a non-linear relation and an outer pole arranged con-
centrically on the outside of said inner pole.

3. An unbalanced-type electro-magnetic receiver com-
prising a conical diaphragm, an armature calked with sev-
eral extrusions at the center portion on the concave sur-
face side of said diaphragm and a magnetic circunit includ-
ing a cylindrical inner pole provided through an air gap
on the opposite side of said diaphragm from the armature
and an outer pole arranged concentrically on the outside
of said inner pole.

4. An unbalanced-type electro-magnetic receiver com-
prising a conical diaphragm, an armature provided at the
center portion on the concave surface side of said dia-
phragm and a magnetic circuit including a cylindrical
inner pole provided on the side of said diaphragm oppo-
site said armature to define an air gap therebetween and
a hollow cylindrical outer pole provided at the outside of
said inmer pole, the end of which is bent inwardly.

5. An unbalanced-type electro-magnetic receiver com-
prising a conical diaphragm, an armature provided at the
center portion on the concave surface side of said dia-
phragm and a magnetic circuit including cylindrical inner
and outer poles arranged concentrically with each other
to define an air gap on the convex surface side of said
diaphragm whereby the stability factor is less than 2.

6. An unbalanced-type eleciro-magnetic receiver com-
prising a conical diaphragm, an armature provided at the
center portion on the concave surface side of said dia-
phragm and a magnetic circuit including a cylindrical
inner pole positioned to define an air gap at the opposite
side of said diaphragm from the armature and an outer
pole arranged concentrically at the outside of said inner
pole, said outer pole having a parallel face with the
armature.

7. An unbalanced-type electro-magnetic receiver com-
prising a diaphragm having a flat flexible part, the inside
part of which is conical, a disc-shaped armature mounted
on the concave surface side of the center portion of said
conical part and g magnetic circuit including a cylindrical
inner pole and an outer pole arranged concentrically with
said inner pole, whereby the convex surface side of said
diaphragm is arranged to oppose the i inner and outer pole
faces of said magnetic circuit.

8. An unbalanced-type magnetic receiver comprising
a conical diaphragm, a disc-shaped armature being calked
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with several extrusions at the center porticn on the con-
cave surface side of said diaphragm made from non-
magnetic material having thickness of 0.08 mm. and a
magnetic circuit including a cylindrical inner pole pro-
vided opposite to the center portion on the convex sur-
face side of said diaphragm to define an air gap having
a corresponding length to the range of non-inear dis-
placement of said diaphragm and an outer pole arranged
concentrically with said inner pole, said outer pole has
a parallel face in the outer diameter direction.

9. An unbalanced-type electro-magnetic receiver com-
prising a diaphragm having a flat flexible part, the inside
part thereof is conical and a disc-shaped armature being
provided at the flat part of the center portion on the
concave surface side of said conical part, wherein the
thickness of non-magnetic diaphragm is made less than
0.08 mm. and an inner pole and an outer pole are posi-
tioned to define an air gap on the convex surface side of
said diaphragm so that the relation between the force
and the displacement of the diaphragm is made non-linear
within the range of the length of the air gap.

10. An unbalanced-type electro-magnetic receiver com-
prising a cylindrical inner pole, a conical diaphragm, a
bobbin wound with a coil on the outside of said pole, an
outer pole, the forward end of which is bent inwardly
at the outside of said inner pole, a magnet and a ring
arranged at the outside of said bobbin, a magnetic cir-
cuit formed with said inner pole, bobbin, outer pole and
ring, said diaphragm structure being formed with an
armature calked with a plurality of extrusions at the cen-
ter portion on the concave surface side of said diaphragm,
said diaphragm being made of non-magnetic body in such
manner that the convex surface side of the diaphragm
defines an air gap with the magnetic poles of the mag-
netic circuit, and a casing and a cover supporting said
electro-magnetic receiver.

11. An unbalanced-type electro-magnetic receiver com-
prising a diaphragm having a flat flexible part, the inside
part of which is conical, a disc-shaped armature coupled
to the flat part of the center portion on the concave sur-
face side of said conical part, and a magnetic circuit in-
cluding a cylindrical inner pole and a cylindrical outer
pole arranged concentrically with said inner pole and
having a part of one pole bent inwardly, wherein the
convex surface side of the diaphragm is opposed to define
an air gap with the pole heads of said inner and outer
poles.

12. An unbalanced-type electro-magnetic receiver com-
prising a conical diaphragm, an armature calked with a
plurality of extrusions at the center portion on the con-
cave surface side of said diaphragm and a magnetic cir-
cuit including a cylindrical inner pole provided through
an air gap at the center portion on the convex surface
side of said diaphragm, opposite the armature and a hol-
low cylindrical outer pole arranged on the outside of said
inner pole, the end of said outer pole adjacent said dia-
phragm being bent inwardly.

13. An unbalanced-type electro-magnetic receiver com-
prising a diaphragm, an armature calked with a plurality
of extrusions at the center portion on the concave surface
side of said dlaphragm and a magnetic circuit including
a cylindrical inner pole defining with said diaphragm an
air gap at the center portion on the convex surface side
of said diaphragm and an outer pole arranged concentri-
cally on the outside of said inner pole and having a face
parallel with the armature.

14. An unbalanced-type electro-magnetic receiver com-
prising a conical diaphragm, an armature provided at the
center portion on the concave surface side of said dia-
phragm, said diaphragm being of non-magnetic material
having the thickness of less than 0.08 mm. and a magnetic
circuit lncludmg an inner pole defining with said dia-
phragm an air gap on the convex surface side of said
diaphragm and an outer pole, the end adjacent said dia-
phragm being bent inwardly, said outer pole being ar-
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ranged concentrically around said inner pole and having
a face paralle! with the armature.

15. An unbalanced-type electro-magnetic receiver com-
prising a conical non-magnetic diaphragm, an armature
calked with a plurality of extrusions at the center portion
on the concave surface side of said diaphragm and having
the thickness of less than 0.08 mm. and a magnetic cir-
cnit including a cylindrical inner pole positioned to define
with said diaphragm an air gap on the convex surface
side of said diaphragm and an outer pole arranged con-
centrically with said inner pole.

16. An unbalanced-type electro-magnetic receiver com-
prising a diaphragm having the thickness of less than 0.08
mm., the peripheral part of which is a flat fiexible part
formed with non-magnetic material, the inside of which
is comical, the center portion of the conical part being a
substantially flat surface, an armature provided on said

5

10

15

10
substantially flat surface and a magnetic circuit including
an inner pole positioned adjacent said diaphragm to define
an air gap on the opposite side of the diaphragm from
said armature and an outer pole concentric with said inner
pole.
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