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INSERT EARPHONE AND OPERATIVE 
SUBASSEMBLY THEREFOR 

Donald E. Rutter, Endicott, N. Y., and Harry B. 
Shaper and Walter J. Brown, Cleveland Heights, 
Ohio, assignors to The Brush Development 
Company, Cleveland, Ohio, a corporation of 
Ohio 

Application October 3, 1945, Serial No. 620,118 
9 Claims. (CI. 179-107) 

This application is a continuation-in-part of 
our application Serial No. 402,608, filed July 16, 
1941, granted as Patent No. 2,391,924 on January 
1, 1946, for Phone and Method of Making Same. 
Our invention pertains to earphones and more 

particularly to the small type of phone which is 
adapted to fit in a person's Outer ear. 
Another object of our invention is to provide 

an insert type piezoelectric earphone shaped to 
accommodate a relatively large crystal unit and 
in which the shape of the case cooperates with 
retaining means to hold the device in the Wearer's 
ea. 

Still another object of our invention is to pro 
vide a piezoelectric earphone which is easily and 
quickly assembled. 

It is another object of our invention to provide 
an insert type earphone subassembly primarily 
adapted to be placed in a mass production case 
which will fit many different ears but which may 
readily be placed in a special case moulded to fit 
an unusual ear. 

Still another object of our invention is to pro 
wide an insert type earphone Subassembly Which 
is operable without an enclosing case. 
A further object of our invention is to provide 

a new and improved method of assembling an 
earphone. 
Another object of Our invention is to provide a 

diaphragm of large area, for an insert type ear 
phone and to position the diaphragm drive pin 
to obtain the maximum volume of displacement 
for a given amount of movement of the drive pin. 

It is also an object of our invention to provide 
an insert earphone which is more sensitive than 
previous insert earphOneS. 
A further object of our invention is to provide 

an insert earphone whose back radiation is low 
thereby permitting the use of a high-gain ampli 
fier in the hearing aid device. 
Another object of our invention is to provide a 

novel diaphragm for an insert earphone. 
Other objects and a fuller understanding of 

cur invention may be had by referring to the fol 
lowing detailed description and claims, taken in 
conjunction. With the accompanying drawings in 
which: 

Figure 1 is an enlarged isometric view of an 
earphone subassembly with portions broken away 
to more clearly illustrate the parts. 

Figure 2 is an enlarged isometric View of al 
other earphone subassembly with portions bro 
...ena Way. . . . - - - - 

Figure 3 is an enlarged plan view of the portion 
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of the earphone which is adapted to fit against 
the Wearer's ear. 

Figure 4 is a slightly enlarged view showing an 
earphone in position in the Wearer's ear. 
Figure 5 is a sectional view taken along line 

5-5 of Figure 3, and 
Figure 6 is a cross-sectional view of the dia 

phragm used in our earphone. 
Figures 7 to 11, inclusive, are isometric views of 

parts of another type of earphone. 
Figure 12 is a sectional view taken along line 
2-2, of Figure 8. 
Figure 13 is an isometric view of the phone con 

nector cord and plug. 
Figure 14 is a sectional view through the as 

sembled phone, and 
| Figure 15 is a schematic view showing the Wari 
ous cavities and parts whose stiffnesses must be 
considered when designing a phone of maximum 
Sensitivity. 
In the construction and assembly of piezoelec 

tric earphones which are adapted to be inserted 
in a person's outer ear it is very important that 
the parts be accurately positioned. With respect to 
each other, and especially important that the dia 
phragm and the crystal unit be accurately posi 
tioned with respect to each other. To effect this 
accurate positioning of parts for an earphone 
which is adapted to be made by mass production 
methods we have devised a novel earphone Sub 
aSSenbly. 

In our invention we provide an annular frame f4 
to which we connect three corners of a rectan 
guiar piezoelectric crystal element 6 and a dia 
phragm. 2. The crystal 6 is mounted on one 
side of the frame f 4 and the diaphragm on the 
other side and the drive pin which is connect 
ed to the fourth or unnolunted corner of the Crys 
tal G is connected to the apex of a conical por 
tion of the diaphragm. Thus, there is formed an 
operative Subassembly which can be mounted in 
a housing to make an insert earphOne. 

Details of the phones may vary considerably; 
Figures 1 to 5 illustrate an earphone embodying 
the Suhassembly type of construction, and Figures 
7 to 15 show another earphone embodying the 
same Suhassembly type of construction but with 
entirely different constructional details. 
The frains Which forms the basis for assen 

blying the operative subassembly may be formed 
of a piastic or other Suitable material, and pref 
erably is somewhat coin pliant for reasons to be 
explained later. 

Figure 1 shows how three corners of the Crys 
tall units are mounted in notches 5 in the fame 
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f4 and the fourth corner is connected by means 
of a drive pin it to the diaphragm 2 whereby the 
diaphragm will be actuated in accordance with 
alternating current potential applied to the CryS 
tal. The frame has a quirk or shoulder 9 for posi 
tioning the diaphragm 2; and the peripheral edge 
portion of the diaphragm is secured by an ad 
hesive to the frame to prevent the passage of air 
through the opening in the frame. The dia 
phragn, which preferably is formed of metal, thus 
Serves as a moisture-resisting barrier to help pro 
tect the crystal unit, as will be apparent from 
Other portions of this description. The shoulder 
9 in the frame accurately positions the diaphragm 
and the notches 5 accurately position the crys 
tal unit, thus aSSuring that the drive pin which 
is connected to the crystal unit is in exact align 
ment with the apex of the conical portion of the 
diaphragm. 
After the earphone subassembly consisting of 

frame 4, diaphragm 2, and crystal unit 6 has 
been constructed, a guard plate 25 is Secured by 
an adhesive or other Suitable means to the edge 
of the diaphragm 2 to protect the diaphragm 
from deformation and puncturing during subse 
quent aSSembly Work and while the earphone is 
being WOrn. 
The diaphragm 2 may be on the order of 

.0008 to .002 of an inch thick and the crystal 
is On the Order of .030 of an inch thick. Accord 
ingly, the SubaSSembly must be handled care 
fully but when it is provided with a guard plate 
25, and when the top surface of the crystal unit 
f6 is below the edge of the mounting frame 4 (as 
illustrated in Figure 4) extreme care which slows 
down Subsequent assembly Work does not have 
to be exercised. The subassembly may be han 
dled to position it in an earphone case or it 
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may be packed to ship it to manufacturers who 
prefer to use their own earphone cases. This 
is highly desirable as many units may be mounted 
in Standard maSS production earphone cases 
which will fit most persons' ears, but other units 
may be mounted in earphone cases moulded to 
fit ears which require special cases in order to 
provide sufficient support to hold the earphone 
in the user's ear. Therefore, in order to provide 
an earphone for all persons who might desire 
One it is necessary to have an operative subas 
Sembly which can be mounted into a special case 
without requiring the services of a specialist to 
do SO, and Which may be mounted in standard 
types of maSS production cases. 
The Crystal unit 6 is comprised of two con 

nected piezoelectric plates such as Rochelle salt 
Crystal slabs 20, and two leads 40 are attached 
to the slabs 20 to connect the earphone into an 
electrical circuit which applies an alternating 
Current to the Crystals 20 to cause the crystals 
20 to vibrate and actuate the diaphragm f2 ac 
cording to the Well-known piezoelectric manner. 
For more detailed description of the piezoelec 
tric action reference may be made to Charles B. 
Sawyer's Reissue Patent No. 20,680, and for a 
more detailed description of a three-cornered 
mounting reference may be made to A. L. W. Wil 
liams' Patent No. 2,105,011. The leads 40 are very 
thin and in Order to connect them into the elec 
trical circuit we provide the mounting frame 4 
With a terminal bar 4f about which the leads may 
be Wrapped to provide a firm base for terminal 
clips 3f. The terminal clips 3 (only one is 
shown) are Connected in the electrical circuit and 
slide over the terminal bar 4 with a lead 40 po 
sitioned between each clip 3 and the terminal 
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bar 4. The mounting frame 4 is preferably 
formed of a plastic material and, accordingly, 
no insulator is needed in the terminal bar be 
tween the two clips 3. However, if the ter 
minal bar Were made of a conductive material an 
insulator to electrically separate the two leads 40 
could be added. A ridge 42 or notches 43 can 
be added to the terminal to prevent the two ter 
minal clips 3 from sliding into engagement with 
each other. 

Figures 2 and 3 illustrate twe halves of an ear 
phone case which is adapted to fit in many ears 
of different size and shape to hold the earphone 
in place. Figure 2 shows an outside portion 26 
of an earphone case, and Figure 3 shows an in 
side portion 27 of an earphone case. The out 
Side portion 26 constitutes that part of the case 
Which can be seen in the ear of a wearer as is 
illustrated in Figure 4, and the inside portion 27 
constitutes the part of the case which lies against 
the wearer's ear to help hold the earphone in 
place. 
The outside portion 26 of the case is assembled 

With a circular guard plate 28 which is adapted 
to protect One side of the crystal slabs 20, a pair 
of wires 29, 30, and a pair of terminal clips 3 
(only one shown) one for each wire 29, 30. The 
Wires 29, 30 are connected in the electrical cir 
cuit which Supplies the earphone, and pass 
through a hole 32 in a raised portion 35 in the 
case 26, through a hole 33 between the guard 
plate 28 and a raised lug. 34, and connect to the 
terminal clips 3. 
The case portion 26 is "egg' shaped in plan 

With a first end portion 44 and a second end por 
tion 45. The end portions 44 and 45 are shaped 
as arcs of circles, the arc of the first end 44 hav 
ing a radius which is greater than the radius of 
the arc of the second end portion 45, and the sides 
of the case may be substantially straight lines 
tangent to the two arcs, or slightly curved lines 
joining the two arcs. The guard plate 28 is cir 
cular and has a radius slightly less than the 
radius of the first end portion 44 of the case por 
tion 26. Accordingly, when the guard 28 is placed 
in the first end of the case it will stay in that 
position, and a pull on the twisted cord 29, 30 
Will cause the guard plate to wedge into a nar 
rOWer part of the case 26 to prevent further move 
ment. An adhesive 46 may be placed around the 
edge of the guard plate 28 where the plate en 
gages the case portion 26 to prevent the guard 
plate 28 from moving after it has been placed in 
the case 26. 
To connect the operative subassembly to the 

case portion 26, the guard plate 28 is positioned 
Over the crystal 20 and the operative subassem 
bly and the case portion pushed together. The 
edge of the case portion 26 fits outside of a step 
5 constituting part of the edge of the mounting 
frame 4. 
The inside case portion 27 (Figure 3) is 

adapted to engage the diaphragm guard 25, the 
outside edge of the diaphragm f2, and a step 47 
On the edge of the mounting frame 4, and lie 
between the Outside case portion 26 and the wear 
er's ear. Suitable adhesive means may be applied 
between the frame 4 and the outside case portion 
26, and between the frame and the inside case 
portion 27 to hold them together and to prevent 
moisture from entering the earphone. 
r. A feature of our invention is to transfer a 
pull on the earphone cord 29, 30 with respect 

...to the earphone case to the case without dam 
aging the operating parts. This is effected by 
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mounting the guard plate 28, directly to a por 
tion of the case and by providing the raised lug 
34 which operates as a Snubber st. Figure 2 
best illustrates the operation of the lug. 34 as 
a Snubber post. The cord 29, 30 enters the ear 
phone through the hole 32 in the raised portion 
35 of the Outside case portion 26, passes through 
the hole 33 between the lug 34 and the guard 
plate 28, bends back upon itself around the lug 
34, and is connected to the terminal clip 3 in 
such a manner that a pull on the cord 29, 30 
causes the terminal clip 3 to more closely en 
gage the terminal bar 4, and hence to more 
closely engage the lead. 40. Most of the force 
of the pull on the wire 29, 30 is taken by the 
guard plate 28 and transferred to the case 26 and 
the rest of the pull is taken by the terminal bai 
4f and transferred to the case 2. 
The inside case portion 27 is comprised of a 

body portion 48 shaped in plan substantially the 
same as the plan of the outside case portion 
26, a horn-shaped lug or ear engaging portion 
49 connected to the body portion, and a snout 
50. The lug 49 is adapted to lie in the groove 
between the helix 55 and the antihelix 56 of 
the ear and engage the bottom and both sides 
of the groove. It may be composed of a Soft 
plastic material in order that it will adjust it 
self to slightly different shaped ears and aid 

By forming 
the lug 49 of a soft formable plastic material, 
it will engage the bottom and both sides of the 
groove without excessive spring pressure against 
either the helix or the antihelix which in time 
is apt to cause discomfort no matter how slight 
the pressure is. The body portion. 48 is formed 
of a yieldable plastic material which is fairly 
thick around the edges where it engages the 
mounting frame 4. The snout 50 is adapted 
to project into the ear canal which joins the 
outer ear with the inner ear. The Snout 50 
is formed of a soft yieldable plastic material 
and with a cross section which tapers from fair 
ly thick at the location where it joins the body 
portion 48, to thin at the apex. The apex may 
be completely sealed or it may have an Opening 
57 as is illustrated in Figure 3. By forming the 
Snout 50 of a yieldable material With a CrOSS Sec 
tion tapering to thin at the apex discomfort 
to the wearer's ear is reduced. When the ear 
phone is placed in the wearer's ear the Snout 
50 yieldably assumes the direction of the ear 
canal with very little pressure on the Walls 
thereof and substantially completely Seals the 
ear canal against extraneous sound entering 
from the outside and against sound from the 
earphone leaking to the OutSide. 
portion 48 and the snout 50 of the case portion 
27 are soft and yieldable. Accordingly, a care 
less person handling the earphone might Squeeze 
it too hard and damage the diaphragm -2 and 
the crystal 2 were it not for the diaphragm 
guard 25. Further, in an earphone having a 
sound snout with opening 57 in its end it is 
probable that the wearer will at some time try 
to clean the earphone with a match, toothpick, 
or pin. The diaphragm guard 25 is positioned 
to prevent damage from this source. The guard 
25 may be made of sheet metal or plastic mate 
rial with holes 24 through it as is illustrated in 
Figure 4. 
By forming the engaging portion 49 and the 

snout 50 of formable soft plastic material which 
yieldabiy conforms to the shape of the wearer's 
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6 
than at the bottom, an earphone has been pro 
duced which can be successfully connected in 
many ears although the ears vary to a certain 
extent in size and shape. The smaller end por 
tion 45 of the case is adapted to lie in the 
concha, of the ear With the tragus 58 and the 
antitragus 59 engaging the top portion of the 
outside case 26, and with the raised portion 35 
extending slightly out from between the tragus 
58 and the antitragus 59. The curve of the 
engaging portion 49 and the Snout 50 cooperate 
With the general Wedge shape of the earphone 
case to prevent the earphone from sliding down 
Ward in the ear even though a fairly hard pulling 
force is exerted on the cord 29, 30. 
The diaphragm 2 has a shape in plan. Sub 

stantially the same as the plan shape of the body 
portion 48 of the inside case portion 27. The 
end 65 of the diaphragm 2 is an arc of a circle 
and the end 66 of the diaphragm is an arc of 
a circle having a Smaller radius than the radius 
of the end 65 and having a different center. 
Each of the two sides of the diaphragm 2 is 
a straight or slightly curved line joining the two 
arcs. This shape provides a diaphragm of max 
imum area, for the earphone, but, if the dia 
phragm is flat, introduces a compliance along the 
major axis which reduces the efficiency of the 
piston action of the diaphragm. The major 
axis may be defined as the centerline of the dia 
phragm extending through the centers of the 
arcs which describe the ends of the diaphragm, 
or the major axis may be defined as the axis 
about which the diaphragm is Symmetrical. To 
increase the efficiency of the pistOn action. We 
have provided a diaphragm which is Substan 
tially conical in cross section and which is driven 
by the crystal unit 6 from off-center. The 
distance from the large end 65 to the apex of 
the diaphragm being greater than the distance 
from the small end 66 to the apex. This com 
bination of an off-center drive for a conical 
diaphragm which is "egg-shape' in plan pro 
wides Substantially the maximum air displace 
ment for a given movement of the crystal drive 
unit t6. By connecting the drive pin off-center 
the shorter side of the diaphragm becomes more 
stiff than the longer side and tends to act as 
a lever to increase the movement of the longer 
side of the diaphragm thereby increasing the 
totals volume displaced by the entire diaphragm. 
Further, it provides space for a larger crystal 
unit 20 thereby increasing the amount of move 
ment at the apex of the diaphragm. 

If it is desired that the earphone be used in 
airplanes where the pressure around the ear 
phone is subject to rapid changes we provide 
a pressure equalizing hole 23 in the outside case 
portion 26. The hole 23 communicates with the 
inside of the earphone on the convex side of 
the diaphragm to establish an air passage for 
equalizing the internal air pressure with the 
external air pressure. A Small amount of air 
leakage between the snout 50 and the walls of 
the ear canal will enter the inside of the ear 
phone. On the concave side of the diaphragin 
through the opening 57 in the Snout thereby 
equalizing the air pressure on both sides of the 
earphone diaphragm 2. The air pressure on 
both sides of the diaphragm of the Wearer's ear 
will also be substantially equalized due to a 
slight amount of leakage around the Shout 5. 

ear, and by shaping the ease larger at the top 75 
Figures 7 to 14, the frame si In another form of our invention, shown in 

tegral platforms 70, and the three C. 
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are mounted on these platforms 70 by means of 
mounting pads 69 which are affixed to the plat 
forms and to the crystal by means of an ad 
hesive. The diaphragm 2 is connected to the 
other face of the frame 4 by means of adhesive, 
and the drive pin 7 which is connected to the 
crystal 6 by means of the little corner cap O 
extends through the hole 8 in the diaphragm 
2. A drop of adhesive material on the inside 
of the conical portion where the drive pin ex 
tends through connects the drive pin to the dia 
phragm and the operative subassembly is formed. 
With the subassembly held up away from the cup 
shaped housing 7 each of the leads 40 is soldered 
to one of the soldering lugs ff, and the frame 
4 is then cemented to the edge of the housing 
lf. The diaphragm 2 and frame 4 thereby 
seal the crystal within the housing 7 to pre 
vent the entrance of moisture. The diaphragm 
is preferably non-porous, such, for example, as 
metal or some of the plastics. One excellent ma 
terial is duraluminum which, when about .002 
inch thick, is Substantially non-porous. 

In Order to improve the frequency response 
and Sensitivity of the earphone a Small weight 
9 is connected to the corner of the crystal at 
the drive pin. 
Each of the Soldier lugs f is connected to a 

banana, plug socket 2 which extends to the out 
side of the housing 7 f. These Sockets 2 are 
Solid metal tubes molded into the housing (which 
may be made of plastic material) and therefor 
no moisture can enter the housing where elec 
trical contact is made With the crystal leads 40, 
thus assuring a long life for the moisture sensi- : 
tive crystal 6. A cap 3, preferably formed from 
aluminum, is cemented on the housing 7 with 
the deep downwardly turned edgethereof over 
lapping the upper edge of the housing. Cement 
throughout the overlapping area prevents mois 
ture from entering, thereby prolonging the life 
of the phone. The cap 3 includes a sound out 
let 2, and an integral connector button. The 
earphone may have a special ear piece molded 
to fit the individual Wearer's ear and this ear 
piece is Snapped onto the connector button to 
complete the earphone. A cord and banana, plug 
connector 9 shown in Figure 13 completes the 
earphOne aSSembly. 
The crystal 6 has its corner opposite the drive 

pin cut-off, thereby permitting the use of a some 
what larger crystal within a given sized hous 
ing. With the large crystal which is necessary 
for maximum phone sensitivity from a given 
sized phone housing the diaphragm must be 
driven off center, and because we provide such 
a large crystal in Such a Small housing it re 
Sults in the diaphragm being driven from a point 
which is about A of the way across the active 
portion of the diaphragm. When driving a dia 
phragm. So far off center certain precautions 
must be taken to assure good reproduction, and 
certain advantage can be gained. For maximum 
efficiency true piston action should be present 
in a diaphragm. That is-every portion of the 
diaphragm. With the exception of the edge by 
which it is held should move in phase and at the 
Same amplitude and the amplitude should be 
Substantially the amplitude of motion of the drive 
wire. With an off-center drive this is not pos 
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sible unless the diaphragm is stiffened by a cen 
tral stiffening portion 2', which may be in the 
form of a shallow conical depression with the 
apex of the cone at the drive point of the dia 
phragm. We have found that if such a stiffened 75 

8 
diaphragm is driven off-center a lever action is 
obtained which increases the amplitude of vi 
bration of the long leg of the diaphragm; the 
short leg of the diaphragm acting as a fulcrum 
for the lever. This lever action may advan 
tageously be used. We have also found that by 
adding an annular corrugation 2' to the dia 
phragm just inside the peripheral edge portion 
which is clamped between the frame and the 
housing that the lever action is reduced due to 
the compliance of the annular groove and a more 
nearly true piston action is obtained. 

Because the crystal unit 6 and diaphragm 
are mounted on the frame 4 and the frame in 
turn is connected to the hard housing i? back 
radiation of Sound vibrations is apt to exist to 
an undesirable degree unless certain precautions 
are taken. We have found that it is advisable 
to make the frame 4 somewhat compliant as 
it greatly reduces the back radiation from the 
phone, thereby permitting the use of a high gain 
amplifier in the hearing aid device without in 
troducing sustained oscillation. 
In Order that maximum phone sensitivity be 

obtained there must be an appreciable volume 
between the crystal unit f6 and the back wall 
of the housing 7 ?. This has been achieved in 
an insert earphone for the first time, so far as 
We knoW, by the modification shown in Figures 

to 6, and has been improved in the phone 
shown in Figure 14 due to the use of a banana 
plug connector with the female parts molded into 
the housing 7. By this construction sufficient 
volume is provided to raise the sensitivity above 
the phone shown in Figures 1 to 6 yet the phone 
is Sufficiently thin to meet the exacting require 
ments of the hearing aid trade which is well 
aware that thick earphones are too conspicuous 
and tend to make the wearer self-conscious. 

Figure 15 schematically illustrates an earphone 
being worn in an ear. S1 represents the stiffness 
of the wearer's ear cavity, S2 represents the stiff 
neSS of the housing cavity, S3 represents the 
crystal stiffness and S4 represents the diaphragm 
stiffness. In a given small phone for optimum 
phone Sensitivity and for optimum sound output 
into the Wearer's ear, S1 should approximately 
equal S2, and S3 should approximately equal the 
Sum S2--S2, and S4 should be Small compared 
to S3. 
While we have described our invention with a 

certain degree of particularity it is to be under 
stood that it has been only by way of example 
and that many changes in the parts and their 
arrangement can be made without departing 
from the Spirit and scope of our invention. 
We claim as our invention: 
1. In an insert earphone, an annular frame, a 

crystal plate mounted directly on said frame, a 
diaphragm having a peripheral edge portion se 
cured directly to said frame and having an inner 
portion connected to said crystal forming an op 
erative sub-assembly, and a housing within which 
Said sub-assembly is mounted, said housing pro 
viding substantially an air-tight enclosure for 
Said crystal except for an opening which, when 
the insert earphone is being worn, is directed into 
the Wearer's ear. 

2. In an insert earphone, an annular frame, a 
Crystal plate mounted directly on said frame, a 
diaphragm having a peripheral edge portion se 
cured directly to said frame to prevent the pas 
Sage of air through the opening in said frame and 
having an apex connected to said crystal forming 
an operative sub-assembly, a housing having an 



9 
Opening in one side thereof through which, when 
the earphone is being worn, sound is directed 
into the Wearer's ear, said sub-assenably being 
mounted within said housing and forming to 
gether with a portion of said housing an air-tight 
enclosure within which said crystal is positioned. 

3. In an insert earphone as set forth in claim 1, 
the further characterization that the crystal is 
nounted on one side of said annular frame and 
the diaphragin is mounted on the other Side of 
said annular frame, and that the Sub-assembly 
is mounted within said housing to form together 
with a portion of the housing an enclosure which 
is air tight, and said crystal is positioned withiin 
said air tight enclosure. 

4. In an insert earphone, an annular frame, a 
crystal plate mounted directly on One Side of Said 
frame, a diaphragm having a peripheral edge por 
tion secured directly to the other side of said 
frame to prevent the passage of air through the 
opening in said frame, means extending through 
the opening in said frame and connecting Said 
crystal to said diaphragm to form an operative 
sub-assembly, a housing having an Open Side Se 
cured to said frame with the crystal Within the 
housing and together with the Sub-assembly 
forming a substantially air-tight enclosure to 
protect said crystal against moisture. 

5. A mounting chassis for a four cornered 
piezoelectric crystal unit having a drive pin COn 
nected to one corner thereof and having a dia 
phragm with an apex comprising; a frame having 
a rounded first end portion, a rounded Second 
end portion and two side portions connecting said 
first and second end portions; said frame having 
a plurality of notched-out portions in the Said 
rounded first end portion for receiving three 
corners of the crystal unit to position the crystal 
unit within the frame and for positioning the 
fourth corner of the crystal unit and the Con 
nected drive pin with respect to the frane; and 
said frame having shoulder means for positioning 
the diaphragm with respect to the frame to cause 
said drive pin to align with the apex of the said 
diaphragm. 

6. A mounting chassis for a four cornered 
piezoelectric crystal Unit haWiing a drive pin COn 
nected to one corer thereof and having a dia 
phragm with an apex comprising; a frame having 
a rounded first end portion, a rounded second 
end portion and two Side portions connecting 
said first and second end portions; said frame 
defining an opening and having a plurality of 
notched-out portions in the Said rounded first 
end portion for receiving three corners of the 
piezoelectric crystal unit to position the crystal 
unit Within the frame and for positioning the 
fourth corner of the crystal unit and the con 
nected drive pin. With respect to the frame; and 
means on said frame for positioning said dia 
phragm. With respect to said frame to cause said 
drive pin to align with the apex of the said dia 
phragm. 

7. An earphOne adapted to be placed in a per 
Son's outer ear comprising in combination, a 
first Case portion adapted to engage the wearer's 
ear to help hold the earphone in place, a second 
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10 
case portion adapted to engage the Wearer's ear 
to help hold the earphone in place, an annular 
frame, a diaphragm connected directly to the 
frame, a piezoelectric unit connected directly to 
the frame, a drive pin connecting the crystal 
unit to the diaghragm; said frame, Said dia 
phragm, and said piezoelectric unit establishing 
an operable subassembly independent of said first 
and second case portions, and means for con 
necting Said operable Subassembly to said first 
and said second case portions. 

8, An operative Subassembly for an insert type 
earphone adapted to be connected in an electrical 
circuit corprising, in combination, a flexing 
type piezoelectric crystal unit including two lead 
Ileans for connecting Said SubaSSembly in Said 
circuit, a loop of material around said crystal 
unit and in engagement thereWith at three spaced 
points to hold three coiners of said crystal unit 
against movement, diaphragm means connected 
to said loop of material and connected to a fourth 
Corner of Said crystal unit Which is adapted to 
nove, said loop of laterial including an integral 
cross bar having two notched-out portions, each 
of Said two lead means being adapted to be 
Wirapped about Said cross bar at one of Said 
inotches aid connected to a Wire comprising one 
side of said electrical circuit, said notches serving 
to prevent, the said leads from sliding on said 
cross bar, and said cross bar Serving to prevent 
a tension on said wires from being transmitted 
O Said leads. 
9. An operative subassembly for an insert type 

earphone comprising, in combination, an annu 
lar fiane having a plurality of notched-out por 
tions in one face thereof and having shoulder 
means in the other face thereof, a rectangular 
piezoelectric crystal unit secured directly to said 
fraine with Some but not all of its corners posi 
tioned in the notches for accurately locating said 
crystal unit With respect to said frame, a dia 
phragra Secured directly to said frame and en 
gaging Said shoulder means for accurately locat 
ing Said diaphragm. With respect to said frame, 
and a drive pin Secured to one free corner of said 
Crystal unit Which is not in a notch in Said frame 
and connected to said diaphragm. 

DONALD E, RUTTER. 
HARRY B. SHAPER 
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