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My invention relates to ampli?ers or loud 
_ speakers for radio telephone receivers and sound 
reproducing apparatus and has for an object to 
provide a structure which will respond equally 

' as well to high and low audio frequencies, so that 
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the reproduction will be smooth and undistorted 
throughout the audible range. 
A further object of the invention is to provide 

a diaphragm for a sound reproducing apparatus 
comprising two parts, one of which is particularly 
adapted to respond to high frequencies and the 
other to low frequencies, the two parts being so 
related as to blend the sound they produce. 
A special object of the invention is to provide 

a loud speaker diaphragm driven by piezo-electric 
means. 

There is a limit to the amount of voltage which 
_may be impressed on a piezo-electric crystal be 
yond which the crystal will rupture. With a 
loud speaker of conventional design the move 
ment necessary for satisfactory volume of sound 
calls for voltages which will bend the crystal to 
or beyond the rupture point. To overcome this 
di?iculty I have devised a diaphragm which 
will cause su?icient damping so that a high volt 
age may be applied without causing the crystal 
to break and so that at the same time the dia 
phragm will impart to the air sui?cient move 
ment to produce a satisfactory volume of sound. 
The mere increase in size of a diaphragm does 
not solve the problem because while the damping 
may thereby be increased to a point at which it 
will prevent rupture of the crystal, the weight 
and inertia of such a diaphragm causes a fall' 
ing o? in audible high frequency response, ex 
cept at the edge of the diaphragm nearest to 
the driving unit. My invention takes advantage 
of the relatively faster and shorter movement 
adjacent the driving unit for producing the high 
frequency response and also embodies means for 
satisfactory reproduction of the lower frequen 
cies. To this end I provide a composite dia 
phragm comprising a comparatively light and 
substantially rigid portion for high frequency 
response and mount this in connection with a 
larger and heavier portion for the low frequency 
oscillations. This design provides the necessary 

' damping for the longer movements of low notes 
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requiring more voltage and therefore more air 
movement to produce or reproduce without loss 
of emciency over this range, together with means 
for reproducing the higher frequencies. 
A further object of the invention is to provide 

a composite diaphragm,'as described above, in 
which the sound waves generated by the two 

3 ‘Claims. (c1._1s1-c2) 
portions will converge and blend so as to achieve 
an apparent non-directional effect. 
Other objects and advantages will appear in 

the following description of several embodiments 
of my invention and thereafter the novelty and 5 
scope of the invention will be pointed out in 
the claims. 
In the accompanying drawings; 
Figure 1 is a view in vertical section of a loud 

speaker embodying my invention, the section 10 
being taken on the line l-I of Fig. 2; 

Fig. 2 is a view in front elevation of the loud 
speaker shown in Fig. 1; 

Fig. 3 is a fragmental view in vertical sec 
tion of a loud speaker with the outer casing re- 15 
moved showing the inner conical part of the 
diaphragm in the form of a truncated cone; 

Fig. 4 is a view similar to that shown in Fig. 3 
except that the inner part of the diaphragm 
is in the form of a hollow cone ?lled with 20 
sound absorbent material; 

Fig. 5 is a view in vertical section of a loud 
speaker with casing removed showing an inner 
cone integrally connected to the smaller end of 
an outer truncated cone; 

Fig. 6 illustrates in vertical section another 
construction in which the inner portion of the 
diaphragm comprises a solid block having a con 
vex sound projecting surface, and being driven 
by a single piezo-electric driver; 

Fig. 7 is a view similar to Fig.'6 in which the 
central part of the diaphragm is in the form of 
a conical block and the diaphragm is driven by 
a plurality of piezo-electric devices; 

Fig. 8 is a view similar to Fig. ?-showing hemi- 35 
spherical block forming the central portion of the 
diaphragm with a plurality of crystal drivers 
connected to the center of said block; 

Fig. 9 is a fragmental end view looking toward 
the right hand end of Fig. 8; ' 40 

Fig. 10 is a view in perspective of a composite 
diaphragm of the type shown in Fig. l with a 
spider connecting the two diaphragm sections 
and a single driver for said spider; ‘ 

Fig. 11 is a fragmental rear end view of a 45 
composite diaphragm showing a spider driven 
by a plurality of piezo-electric devices; and 

Fig. 12 is a fragmental view in vertical sec 
tion of a composite diaphragm composed of an 
outer and inner portion ?exibly connected to- 50 
gether, each portion being separately driven by 
piezo-electric devices. 
Referring to Figures 1 and 2, I show a casing 

IS in the form of a box, the front wall I 6 of which 
has a circular opening therein. In register with 55 
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‘ said opening and projecting inwardly from the 
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wall it is a diaphragm part il in the form of a 
frusto-conical wall. The conical part H is 
formed at its larger end with an outwardly di 
rected ?ange I8 which is clamped between the 
wall it and a ring it. The diaphragm ii at its 
inner end is formed with an inwardly directed 
?ange i?a. which is-clamped between a pair of 
rings 20 and 2 l . A cone 22 with its apex directed 
outwardly forms the central part of the com 
posite diaphragm and is provided at its base with 
an outwardly extending ?ange 23 which is also 
clamped between the rings 29 and 28. ' 
Mounted on the rear wall 26 of the casing is 

a bracket 25 provided with four arms 26. Se 
. cured to each arm is a piezo-electric driver 2i, 
the details of which are not shown as the driver 
may be of any well known commercial form. 
Each driveris connected by a link or driving 
rod 28 to the ring 29. It will be understood that 
all of the drivers are connected to a common 
source of, modulated electric energy and they act 
simultaneously to oscillate the ring 20 and there 
by to oscillate not only the inner cone 23 but also 
the outer truncated cone ii of the diaphragm. 
The inner cone is preferably formed of some 

sti? material such, for instance, as sti? paper, 
while the outer portion ll of the diaphragm is 
formed of a flexible material, such as cloth treat 
ed to render it non-porous without destroying 
its ?exibility. The angle between the'outer face 
pi’ cone 22 and the inner face of the truncated 
cone is preferably about 90 degrees, although 
other angles may be used to effect the proper 
blending of sound from the two diaphragm parts. 
When the‘cone is vibrated by the drivers 2? the 
high frequencies will affect the stiff central cone 
portion while the larger ?exible outer portion of 
the diaphragm will respond more readily to the 
lower frequencies. The sound waves thus pro 
duced will be blended provided the surfaces from 
which they originate form an angle of less than 
186 degrees, because the waves which are gen-= 
erated by the inner cone section will be thrown 
across the path of the waves generated by the 
outer portion of the diaphragm. At a short dis 
tance from the loud speaker depending upon the 
angle between the sound generating surfaces it 
will be impossible to detect any directional e?‘ect. 
This non-directional eifect is particularly useful 
in the illusion of talking or sound motion pic 
ture synchronization. The damping effect of 

. this composite diaphragm will be sufficient to 
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prevent the crystals from being bent beyond their 
rupture point and at the same time the dia 
phragm will respond to the higher frequencies 
because of the comparatively small, light and 
sti? central portion 22. . 

‘While I prefer to form the inner portion of the 
diaphragm as a complete cone this is not abso 
lutely essential. For example, Fig. 3 shows a 
construction similar to that illustrated in Fig. l 
and they parts duplicatedv in the two illustrations 
bear the same reference numerals. The only dif-v 
ference between the two constructions is that. 
the central portion of the composite diaphragm 
consists of a truncated cone 3% having an open 
"ing 38 at its outer, smaller end. The truncated 
cone it has an outwardly directed ?ange at its 
base or larger end whereby it may be secured to 

v the outer diaphragm part ii! between the rings 

16. 

2t] and 2i. 
The construction shown in Fig. 4 differs from’ 

that shown in Fig. i. only in the fact that the 
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inner cone 22 is ?lled with some suitable absorb 
ent material 32, such as balsam wool. 
Instead of having the inner and outer sections 

made separately and, connected by means of 
clamping rings a lighter construction may be 
provided by forming the two- parts integrally. 
Thus, in Fig. 5, the outer portion of the compo 
site diaphragm 35 is an integral part of inner 
portion 36 and the piezo-electric drivers 38 are 
connected by driving rods 39 to the junction of 
the two portions of the diaphragm. The inner 
portion 35 may be suitably treated to render it 

. stiff while the outer portion 35 is left ?ein'ble so 
that it will respond to the lower frequencies. 
In Fig. 6 there is still another construction in 

which the central portion of the diaphragm con 
sists of, a block Aid of some light solid material, 
such, for instance, as balsa wood. This block has 
a convex sound generating surface. The outer 
part ll of the diaphragm may be a duplicate of 
that shown in Fig. l and its ?ange i841. is clamped 
between the block db and a ring iii. A single pi 
ezo-electric driver '62 is connected by a driving 
rod d3 directly to the block dB. 

Fig. 7 shows a'diaphragm somewhat similar to 
that shown in Fig. 6 except that a conical block 
$5 is substituted for the block db and a plurality 
of piezo-electric drivers ill are connected by driv 
ing rods M to a ring £19 which clamps the ?ange 
08a to the cone 415. ‘ 
In Figs. 8 and 9 there is a still di?erent con 

nection between the drivers and the diaphragm. 
In this case the central portion of diaphragm 
consists of hemispherical block 5t]. 

52 to a common driving rod 53 which in turn is 
connected. to the center of the block 5d. It will 
be observed that in the structures shown in Figs. 
6 to 9 the central portion of the diaphragm vi 
brates as a whole because it ‘consists of a solid 
block and this portion of the diaphragm responds 
to higher frequencies whereas the outer portion 
ii’ of the diaphragm will respond to the lower 
frequencies. While the inner portion of the di 
aphragm need not necessarily be conical; but is 
convex, as shown in Figs. 6 and 8, the effect is 
substantially the same as that produced with 
diaphragms having a conical center. The sound 
waves thrown oh by the outer portion of the di-;_ 
aphragm converge upon the sound waves gen 
erated by the inner portion i'l'and blend with 
them to produce a non-directional e?ect. 

A plurality. 
of piezo-electric drivers M are connected by arms‘ 
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‘ Fig. 10 shows a modi?ed form of connection . 
between the composite diaphragm and a single 
piece electric driver. The diaphragm in this 
case may be of the same form as that shown in 
Fig. 1 except that in. place of the ring a spider 
55 is employed. ‘The piezo-electric driver is 
then connected by a driving rod 51] to the center 
of the spider. _ 

Fig. ii shows a slightly modi?ed construction 
in which a spider dd is employed instead of spider 
5b and four drivers ti are [connected by rods 62 
to the rim of the spider. ' 
In all of the constructions so far described a 

common drive is provided for the inner and the 
outer portions of the diaphragm. ' ‘In Fig. 12 
I show a construction ‘whereby the two parts of 
the diaphragm may be separately driven. In 
this construction the outer portion of the die-5 
phragm consists of a truncated cone which is 
‘provided with a bead bit at its smaller end, this 
bead being engaged by a light ring at. i The in,: 
ner portion of the diaphragm is in the form of a 
cone dd provided at its base with w outwardly, 
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2,084,882 
extending ?ange 69. This cone and its ?ange are 
made of sti? material. An annular ring ‘ll! of 
?exible material connects the ?ange 69 to the 
ring 61. Two sets of piezo-electrical drivers are 
used. An outer set of drivers ‘H is connected 
by rods 12 to the ring 61 so as to directly drive 
the outer portion 65 of the diaphragm. An in 
ner set of piezo-electric drivers 13 is connected 
by rods 14 to the ?ange 69 of the cone 68. By 
this means each portion of the diaphragm may 
be individually and separately driven so that one 
portion will not exert a mechanical damping ef 
fect upon the other. It will be understood, of 
course, that the ring 10 is an air-tight connec 
tion between the two diaphragm sections. With 
this arrangement the voltage impressed upon the 
inner drivers 13 should be less than that imposed 
upon the outer driver ‘H so that the former driv 
ers will not be bent beyond their rupture point. 
Either the same or di?erent frequencies may be 
fed to each diaphragm section as desired by us 
ing different input impedances, ?lters, different 
sources of voice frequency, etc. 

I have shown a number of forms of my inven 
tion to illustrate the wide- range of usefulness 
and adaptation of the invention. It will be un 
derstood, however, that these are not to be taken 
as limitative, but merely as illustrative and that 
I reserve the right to make such changes in form, 
construction, and arrangement of parts, as may 
fall within the spirit and scope of the following 
claims. 

I claim: 
1. In a loud speaker, a composite diaphragm 

comprising a smooth ?exible outer concave por 
tion and a relatively stiff inner convex portion 
peripherally joined to the outer portion,-the in 
ner portion being of smaller area than the outer 
portion, and driving means connected to the rela 
tively stiif portion. _ ' 

2. In a loud speaker, a-composite diaphragm 
comprising a pair of reversely disposed conical 
portions with the larger end of one portion 
joined to the smaller end of the other portion, 
one of said portions being relatively stiff and the 
other being smooth and freely ?exible, and driv 
ing means for the diaphragm connected to the 
relatively stiff portion. 

3.‘ In a loud speaker, a composite diaphragm 
comprising a relatively stiff central portion in the 
form of a cone with its apex outwardly disposed 
and a smooth and freely ?exible outer portion 
in the form of a frusto-conical wall reversely dis 
posed with respect to the cone, the smaller end 
of the outer portion being joined to the base of 
said cone, and a plurality of driving means for 
the diaphragm connected thereto respectively at 
spaced points along the junction of said por 
tions. 

3 
4. In' a loud speaker, a composite diaphragm 

comprising a relatively sti? central portion in the 
form of a cone, a smooth and freely ?exible outer 
portion in the form of a frusto-conical wall, the 
smaller end of the outer portion being Joined to 
the base of said cone, the outer face of the cone 
being disposed at an ‘angle of approximately 
ninety degrees to the inner face of the outer por 
tion, and a plurality of driving means for the - 
diaphragm connected thereto respectively at 
spaced points' along the junction of said por 

' tions. 

5. In a loud speaker, a,composite diaphragm 
comprising a central convex portion and an outer 
concave portion, the latter consisting of a rela 
tively ?exible wall and the inner portion being 
relatively stiff, a ?exible connection between the 
two portions, and separate driving means for the 
inner and outer portions. 

6. In a loud speaker, a composite diaphragm 
comprising a central convex portion and an outer 
concave portion, the latter consisting of a rela 
tively ?exible wall and the inner portion being 
relatively stiff, a ?exible connection between the 
two portions, piezo-electric driving means for the 
inner portion of the diaphragm, and separate 
piezo-electric driving means for the outer por 
tion of the diaphragm. 

7. In a loud speaker, a composite diaphragm 
' comprising a central convex portion of relatively 
stiff material and an outer concave portion form 
ing a smooth frusto-oonical surface, the smaller‘ 
end of the outer portion being joined to the pe 
riphery of the central convex portion, said outer 
portion being formed of a sheet of cloth with 
the pores thereof ?lled to render them substan 
tially impervious without destroying the ?exibil 
ity of the cloth, the depth of the outer portion 
as measured along its axis being greater than that 
of the central portion. 

8. In a loud speaker, a composite diaphragm 
comprising a central convex portion consisting 
of a cone of relatively stiff material and an outer 
concave portion, in the form of a frusto-conical 
wall, the smaller end of the outer portion being 
joined to the periphery of the central cone and 
the faces of the two portions forming an angle 
of about 90 degrees to each other, said outer 
portion being formed of a sheet of cloth with 
the pores thereof ?lled to render them substan 
tially impervious without destroying the ?ex 
ibility of ,the cloth, said cloth providing a smooth 
frusto-conical surface, the depth of the outer 
portion as measured along its axis being‘ greater 
than that of the central portion, and a plurality 
of driving means for the diaphragm connected 
thereto respectively at spaced points along the 
junction of said portions. 

ROMEYN B. SCRIBNER. 
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