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smaller case with an offset in which a portion of This invention relates to sound transmitters, 
such as microphones and receivers, and more par 
ticularly to very small telephone receivers of the 
type generally used for hearing aids or audi 
phones and which utilizes Rochelle salts or simi 
lar. electrically responsive crystals for converting 
the electric power supplied to them into acoustic 
energy which is delivered to the ear of the wearer, 
Most hearing aid crystal receivers employ a 

long narrow crystal which extends nearly across 10 
the receiver case and has its opposite ends an- . 
chored and its central portion connected to the 
diaphragm and free to vibrate in response to the 
electric power supplied to it. Such a crystal has 
a length nearly as great as the width of the case. 
While a “bender' crystal of the type commonly 
used gives a relatively high efficiency up to about 
3500 cycles, the number of failures of such crys 
tals in service has been so high that they can not 
be considered satisfactory. Besides, the fre 
quency curve. of such a crystal shows non-uni 

the crystal is housed. With such an arrangement 
a crystal may be employed whose edge is nearly 
One-half the length of the inside diameter of the 
case, Nevertheless, there is a definite objection 
to the increase in size of the receiver necessitated 
by the offset, and the amplitude of vibration of 

: the diaphragm can not exceed that of the free 
Corner of the crystal. 
A problem that arises with all crystal receivers 

is that of service and repair. They are so difficult 
to repair that the practice is to discard the entire 

s 
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formities which are not desirable and does not 
extend to a sufficiently high frequency with good 
efficiency. Moreover, such a "bender” crystal has 
to be extremely thin and comparatively long in 
relation to its width in order to attain sufficient 
flexibility to give the desired frequency response 
characteristics. generally .020 inch, which means that each sec 
tion of the crystal is only .010 inch thick. The 
mechanical difficulties involved in handling such 
long thin slabs of Rochelle salts are considerable. 
They are subject to mechanical breakage because 
of their relatively long length, and are also afor 
fected by humidity very much more than the 
more compact square type that will be referred 

Another disadvantage of a long to presently. 
narrow crystal is that it is supported in the case 
at only two widely spaced points. 
A more practical type of crystal is a square on 

receiver and replace it with a new one. 
It is among the objects of this invention to pro 

vide a crystal receiver which has greatly improved 
efficiency for its size, which has more uniform 
and wider frequency response characteristics 
than heretofore, which is rigged in construction, 
which utilizes a type of crystal that is mechan 
ically strong and affected by humidity to the least 
possible degree, which is simple in construction 
and easy to assemble, in which a much larger 
proportion of the available space inside of the re 
ceiver case is occupied by the crystal to thereby 

25 permit the use of a larger crystal giving greater 

The actual crystal thickness is 
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so constructed that when three of its corners are 
more or less anchored the electric voltage sup 
plied to the crystal will cause it to tend to twist 
and thereby cause its free corner to vibrate. This 
type of crystal is quite sensitive and the amount 
of motion secured is relatively large in compari 
son with many other arrangements. However, 
the principal objection to "twister' crystals has 
been that in order to use such a crystal of a prac 
tical size the case must be relatively large because 
the free corner of the crystal is located at Sub-, 
stantially the center of the case below or behind 
the center of the diaphragm. An attempt has 
been made to use a smaller case, without reduc 
ing the size of the crystal, by providing the 

sensitivity, in which the sound reproducing unit 
is a separate element which can be easily replaced 
by a dealer or user without replacing the entire 
so. case, in which means may be.provided for damping the vibration of the reproduting unit 

so that practically all of the vibration is that of 
the diaphragm whereby back radiation from the 
receiver case is reduced to the point where it does 
not feedback to the microphone of the audi 
phone, and in which a definite-lever action is pres 
ent so that the relatively high mechanical imped 
ance of the crystal itself is efficiently matched to 
the considerably lower impedance of the dia 
phragm and air column beyond. 
The invention is illustrated in the accompany 

ing drawing in which Fig. 1 is a greatly enlarged 
bottom plan view of my receiver as shown here 
in; Fig. 2 is a transverse section taken on the line 
II-II of Fig. 1; Fig. 3 is a transverse section 
taken on the line III-III of Fig. 2; Fig. 4 is a 
horizontal section taken on the line IV. IV of 
Fig. 3; Fig. 5 is a somewhat diagrammatic section 
of the reproducing unit illustrating in an exag 
gerated manner the vibration of the diaphragm; 
Fig. 6 is a view similar to Fig. 5 of a modification 
of this invention; Fig. 7 is a reduced plan view 

“Of Fig. 6 broken away in part; Fig. 8 is a plan 
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view similar to Fig. 7 of a further modification 
of this invention; Fig. 9 is a sectional view simi 
lar to Figs. 5 and 6 of the modification shown in 



2 
Fig. 8; and Figs. 10 and 11 are fragmentary plan 
views of additional modifications of my invention. 

Referring to Figs. 1 to 4 of the drawing, an 
audiphone receiver case is formed from a cup 
like base member of Bakelite or the like and a 
metal cover 2 screwed on the base. The cover is 
provided with a central opening 3 encircled by an 
integral boss 4 adapted to receive an ear tip (not 
shown), for holding the receiver in the ear of a 
person who is hard of hearing. , 
In accordancce with this invention the repro 

ducing elements of the receiver are not connected 
directly to the case as has been the practice here 
tofore, but they are mounted in a metal cup 6 
that is removably mounted in the case and held 
therein only by the cover so that if any repairs 
are required the reproducing elements can be 
readily removed as a unit and a new unit quickly. 
inserted in their place. The cup preferably is 
cylindrical with a flat bottom and with an open 
top encircled by an integral flange 7 on which 
rests the marginal portion of a diaphragm 8 of 
metal or other Suitable material. 
Disposed within the cup below the diaphragm 

is a square piezo-electric crystal 9 having three 
corners Secured to slightly resilient triangular 
pads to affixed to the botton of the cup close 
to its side wall. The fourth corner is therefore 
left free to vibrate when the crystal is supplied 
with varying electric voltage through wires 
connected to a pair of metal terminals 2 at 
tached to rivets 3 extending through the bot 
tom of the cup on opposite sides of the free cor 
ner of the crystal. The rivets are insulated from 
the cup by encircling insulating headed sleeves f4 
and by an insulating block 5 held against the 
outer surface of the cup's bottom by the rivets, 
as shown in Fig. 3. These rivets clamp against 
the insulating block a pair of tubular spring clips 

for receiving and gripping the tips of wires 
(not shown) from the microphone with which the 
receiver is used. The bottom of the case has a 
thick central portion provided with a pair of 
parallel passages 8 through which the micro 
phone wires are led to the clips. When varying 
electric voltage is supplied to the crystal from 
the microphone, the tendency of the crystal to 
twist causes its free corner to vibrate and this 
vibration is transmitted to the diaphragm through 
a driving pin (9 secured thereto and hooked 
around the free corner of the crystal to which it 
is cemented. - 

The cup 6 is clamped in the case by the cover 
2 from which the diaphragm is spaced by a disc 
like cap 2 provided with a marginal portion rest 
ing on the marginal portion of the diaphragm as 
shown in Figs. 2 and 3. The cap is encircled 
by a flange 4 that overlaps flange T of the base 
member to center the cap. The major portion 
of the cap is pressed outwardly toward cover 2 
so that none of the diaphragm that does not 
touch flange T is touched by the cap either. The 
cap preferably is slightly convex so that when the 
cover is screwed onto the base member it first 
engages the center of the cap and then presses it 
inwardly, thereby insuring tight engagement be 
tween cap and cover to prevent the cap from 
vibrating. The center of the cap is provided with 
a few small holes 42 in line with opening 3 in 
the cover. The cap is cemented or otherwise at 
tached to the cup 6 and thus prevents the deli 
cate diaphragm from being injured when the cup 
is handled outside of the case, and also mini 
nizes the chance of foreign objects inserted in 
opening 3 reaching the diaphragm. To prevent 
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vibration of the bottom of the cup from vibrating 
the bottom of base and thereby feeding sound 
back to the microphone, the bottom of the cup is 
Spaced from base , and its vibrations may be 
damped by resilient pads 22 of felt, Sponge rub 
ber or the like mounted in the base in engage 
ment with the bottom of the Cup, as shown in 
Fig. 2. The side wall of the case is the point of 
least vibration of the case and it is to that point 
that the cup is clamped by its flange . This 
feature also helps prevent the cup from vibrating 
the case. When the receiver requires repair WOrk 
it is a simple matter to merely unscrew cover 2, 
remove cup 6, insert a new cup in its place, and 
replace the cover without discarding the entire 
receiver. 
Another feature of this invention is that the 

crystal is connected to the diaphragm in such 
a manner that a much larger square crystal can 
be used than heretofore for the same Size case, 
This results in a stronger crystal than the cus 
tomary oblong bender Crystal, one easier to han 
dle, and a crystal that is affected less by humid 
ity. These advantages are obtained by using a 
substantially square crystal which is nearly as far 
across diagonally as the inside of the case, where 
by the free corner of the crystal is disposed lat 
erally of the center or axis of the diaphragm, and 
by connecting that corner of the crystal to the 
diaphragm off center of the latter, or to its cen 
ter through the medium of a lever. When driven 
off center, the diaphragm preferably has a sub 
stantially stiff central portion to which the driv 
ing pin is connected. Most suitably, as shown in 
Figs. 2, 3 and 4, the central portion of the dia 
phragm is made stiff by providing it with a de 
pression, preferably conical with the base of the 
cone either circular or elliptical (Fig. 4) and with 
the apex off center and nearly above the free cor 
ner of the crystal to which it is connected by 
pin 9. The stiff cone carries the vibrations of 
the crystal throughout, the area of the dia 
phragm. If the stiff portion of the diaphragm 
is anything but round, it is preferred that its 
long axis extend in the direction of the crystal 
diagonal that passes through the driving corner. 
The driving pin preferably is flexible laterally so 
that it can yield and not cause the far side of the 
diaphragm cone to tilt down into the cup when 
the free corner of the crystal Swings upwardly. 
The amplitude of vibration of the free corner 

of the Crystal can be increased by using a dia 
mond-shape crystal So that its two opposite an 
chored corners can be located closer to the side 
of the case, or, as shown in Fig. 10, by attach 
ing rigid metal extensions 23 to those two cor 
ners of the crystal and mounting their outer ends 
on pads 0 at the side of the case. This, in ef 
fect, increases the length of one diagonal of the 
crystal So that its center can vibrate through a 
longer path for the Sane amount of bending. 
A further important feature of this invention 

is that the amplitude of vibration of the major 
portion of the diaphragm can be increased over 
that of the vibrating free corner of the crystal. 
This may be accomplished in several ways, all of 
which make use of leverage. Thus, the flat area 
of the diaphragm surrounding the cone may be 
made with varying degrees of Stiffness or resil 
iency, the resiliency being least in the area be 
tween the periphery of the diaphragm and the 
cone edge closest to it, which is at the left of 
the driving pin as seen in Figs. 3, 4 and 5. In 
such a case the resiliency or stiffness is so con 
trolled that the total effective stiffness of the 
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flat area of the diaphragm lying between a line 
A-A, shown in Fig. 4 extending across the dia 
phragm directly above the driving pin and per 
pendicular to the major axis of the cone's base, 
and the adjacent side of the cup is greater than 
the total effective stiffness of the remaining flat 
area of the diaphragm. It is important that the 
total stiffness of the diaphragm presented to the 
vibrating corner of the crystal be kept relatively 
low in order to prevent loss of amplitude at low 
frequencies. Due to the stiffness control, as shown 
in Fig. 5, the amplitude of vibration of the flat 
area at the left of the driving pin is constrained 
relative to the remaining flat area of the dia 
phragm to such an extent that it serves as a full 
crum for the adjacent end of the rigid conical 
portion which thereby acts as a lever and causes 
the major portion of the diaphragm to vibrate 
with a greater amplitude than the apex of its 
conical portion. As driving pin 9 will yield lat 
erally, it does not interfere with this canting 
movement of the diaphragm. Or the yielding of 
the apex of the cone will serve the same purpose. 

In the modification of the invention illus 
trated by Figs. 6 and 7 the same large "twister' 
type of crystal 25 is used as in the first embodi 
ment, and its free or vibrating corner is con 
nected by a resilient driving pin 26 to the dia 
phragm 27 near the side of the metal cup 28 in 
which these elements are housed. However, the 
cone that makes the central portion of the dia 
phragm stiff may have a circular base nearly. as 
large as the diaphragm, but preferably eccentric 
therewith. The major portion of the periphery 
of the diaphragm is spaced from the side wall of 
cup 28, but is connected thereto by a very flexible 
ring 29 of oiled silk or other impervious material. 
The inner edge of the ring is cemented to the 
narrow flat marginal area of the diaphragm, and 
its outer edge rests on top of the metal cup. 
When the diaphragm is vibrated by the crystal 
it vibrates substantially as a rigid unit, the vi 
bration being permitted by the encircling resil 
ient ring 29. 
Although the desired lever action that in 

creases the amplitude of vibration of the dia 
phragm over that of the crystal is obtained to 
some extent if the diaphragm is entirely free of 
the cup, the diaphragm can be provided in the 
area closest to the driving pin with a laterally 
projecting integral tab or ear 30 the outer end 
of which rests on top of the Cup. This tab, be 
ing made of the thin material of the diaphragm, 
has some resiliency, but much less than the silk 
ring. Consequently, the tab tends to restrain 
vibration of the adjoining side of the diaphragm 
and thus serves as a fulcrum or hinge on which 
the rest of the diaphragm Swings. The result 
is that the major portion of the diaphragm 
swings or vibrates with a greater amplitude than 
the apex of its cone which is connected to the 
driving pin. 26. - 

If ear 30 is not used, a tiny, weight 3 can be 
mounted on the edge portion of the diaphragm 
at the same point, as shown in Fig. 11. The in 
ertia of this weight constrains vibration of the 
adjoining area of the diaphragm and thereby 
causes the opposite side of thie diaphragm to 
vibrate in a greater arc. The weight therefore 
serves, in effect, as a fulcrum for the diaphragm. 

In the modification shown in Figs. 8 and 9 the 
large “twister' crystal 35 has its vibrating corner 
near the side wall of the cup as previously ex 
plained, but the driving pin 36, instead of being 
connected directly to the diaphragm of center, 

O 
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is connected to the center of the diaphragm 
through the medium of a lever 3. The Central 
portion of the diaphragm is made substantially 
rigid by providing it with a conical depression 
having a circular base concentric with the dia 
phragm and having its apex at the center of the 
diaphragm. The flat area of the diaphragm 
encircling its COne flexes when the diaphragm is 
vibrated, as shown in Fig. 9. The lever by which 
the driving pin is connected to the center of the 
diaphragm may take various forms. The one 
illustrated in Figs, 8 and 9 is in the form of a 
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tiny stiff bar the outer end of which is bent at 
Substantially a right angle and rigidly connected 
to the side of the cup 38 by a fastener 39. The 
portion of the lever between the case and its 
radially extending portion will twist sufficiently 
to permit the inner end of the lever to vibrate 
axially of the case. The inner end of the lever 
is cemented to the apex of the diaphragm's cone, 
and driving pin 36 is attached to the lever be 
tween its ends. When the free Corner of the 
crystal vibrates, the driving pin causes the lever 
to vibrate which in turn vibrates the diaphragm. 
It will be seen that, due to the crystal being con 
nected to the lever between its ends, the inner 
end of the lever will vibrate in a longer arc than 
the free corner of the crystal, and therefore the 
amplitude of vibration of the diaphragm is 
greater than that of the crystal. Although this 
invention has been described in connection with 
a receiver, it will be understood that the same 
general principles can be used in a microphone 
to advantage. 
To permit a better understanding of the in 

vention I shall now give some of the approximate 
dimensions of a receiver constructed in accord 
ance with this invention and which has proved 
to be very satisfactory. Of course, these dimen 
sions are not the only ones that might be used, 
but are given merely by way of example and are 
approximate only. 
The overall diameter of the cup 6 is 34 inch 

and its inside diameter 464 inch. The dia 
phragm is made from aluminum foil .001 inch 
thick, and the apex of its conical portion is 3/84 
inch below the top of the diaphragm. The con 
ical portion has an elliptical base and an ec 
centric apex formed by pressing the diaphragm 
with a die made by cutting off at an oblique 
angle a tool having the shape of a right cone. 
The major and minor axes of the elliptical base 
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of the conical portion are is arid 9% inch, re 
Spectively. The shortest distance between the 
apex and a line passing through the edge of the 
base of the conical portion of the diaphragm is 

inch, while the longest distance is inch, 
The narrowest width of the flat portion of the 
diaphragm surrounding the conical portion is 4. 
inch, and the greatest width is is inch. 
According to the provisions of the patent 

statutes, I have explained the principle and con 
struction of my invention 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 invention may be practiced 
otherwise than as specifically illustrated and 
described. y 

claim: 
1. A sound transmitting vibratable integral 

diaphragm of substantially uniform thickness 
throughout its area for use in a case containing 
a piezo-electric crystal, said diaphragm having 
an eccentrically positioned depression the wall 



4. 
of which tapers toward a driving point, said wall 
forming a stiffening portion in the diaphragm 
surrounded by a flexible substantially flat area, 
said driving point being located between the cen 
ter of the diaphragm and the narrow part of 
said flexible area and adapted to be operatively 
connected to a piezo-electric crystal, and the 
outer edge of said flexible area being adapted to 
be held substantially stationary when the rest of 
the diaphragmi vibrates, whereby during vibra 
tion of the diaphragm the wide part of said flex 
ible area opposite said narrow part has a greater 
amplitude of vibration than said narrow part. 

2. A sound transmitting vibratable diaphragm 
for use in a case containing a piezo-electric crys 
tal, said diaphragm having an eccentrically po 
sitioned stiffened portion provided with a wall of 
substantially uniform thickness and surrounded 
by a flexible substantially flat area the outer edge 
of which is adapted to be held substantially sta 
tionary while the rest of the diaphragm vibrates, 
and said stiffened portion having a driving point 
located between the center of the diaphragm and 
the narrow part of said flexible area and adapted 
to be operatively connected to a piezo-electric 
crystal, whereby during vibration of the dia 
phragm the wide part of said flexible area, oppo 
site said narrow part has a greater amplitude 
of vibration than said narrow part. 

3. A sound transmitting vibratable diaphragm 
for use in a case containing a piezo-electric crys 
tal, said diaphragm comprising a relatively stiff, 
member, a resilient tab projecting laterally there 
from, and a flexible sealing member surrounding 
said stiff member and secured thereto, the outer 
edge of said sealing member and the outer end 
of said tab being adapted to be held substantially 
stationary while the rest of the diaphragm vi 
brates, and said stiff member having a driving 
point located between the center of the dia 
phragm and said tab and adapted to be opera 
tively connected to a piezo-electric crystal, 
whereby during vibration of the diaphragm the 
part of said sealing member opposite said tab 
has a greater amplitude of vibration than said 
tab. 

4. A sound transmitting vibratable diaphragm 
for use in a case containing a piezo-electric crys 
tal, said diaphragm comprising a relatively stiff 
member, a flexible sealing member Surrounding 
said stiff member and secured to the edge there 
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of, the outer edge of said sealing member being 
adapted to be held substantially stationary while 
the rest of the diaphragm vibrates, and a weight 
attached to one of said members adjacent their 
adjoining edges, said stiff member having a driv 
ing point located between the center of the dia 
phragm and said weight and adapted to be con 
nected to a piezo-electric crystal, whereby during 
vibration of the diaphragm the part of said seal 
ing member at the side of the diaphragm opposite 
said weight has a greater amplitude of vibration 
than said weight. 

5. A sound transmitting substantially circular 
vibratable diaphragm for use in a case contain 
ing a piezo-electric crystal, said diaphragm com 
prising a relatively stiff conical member posi 
tioned eccentrically of the diaphragm, a resilient 
tab projecting laterally therefrom, and a flexible 

20 
sealing member surrounding said conical mem 
ber and Secured thereto, the apex of said conical 
member being located between the center of the 
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diaphragm and said tab and being adapted to be 
operatively connected to a piezo-electric crystal, 
and the Outer edge of Said sealing member and 
the outer end of said tab being adapted to be re 
strained from vibrating, when the rest of the 
diaphragm vibrates, whereby during vibration of 
the diaphragm the wide part of said sealing mem 
ber farthest from Said tab has a greater ampli 
tude of vibration than said tab and the adjacent 
narrow part of the sealing member. 

6. A sound transmitting substantially circular 
vibratable diaphragm for use in a case containing 
a piezo-electric crystal, said diaphragm compris 
ing a relatively stiff conical member positioned 
eccentrically of the diaphragm, a flexible sealing 
member surrounding said conical member and 
secured to the edge thereof, the outer edge of 
said sealing member being adapted to be re 
strained from vibrating when the rest of the dia 
phragm vibrates, and a weight attached to said 
conical member adjacent its edge, the apex of . 
said conical member being located between the 
center of the diaphragm and said weight and 
being adapted to be operatively connected to a 
piezo-electric crystal, whereby during vibration 
of the diaphragm the wide part of said sealing 
member farthest from said weight has a greater 
amplitude of vibration than said weight and the 
adjacent narrow part of the sealing member, 

SAMUEL F. LYBARGER. 


