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The present invention relates to acoustical apparatus, 
and more particularly to acoustical diaphragms suitable 
for use in loudspeakers and microphones. 
The present invention is especially suitable for provid 

ing an acoustical diaphgram of miniature size. Minia 
ture acoustical diaphragms are necessary for smaller loud 
speakers used in miniature or personal radio receivers, 
some of which are no larger than a conventional pack of 
cigarettes. 

Miniature loudspeakers have been constructed from 
conventional component parts which are reduced in size. 
Such reduction in size often results in a proportional 
reduction in efficiency and performance. In loudspeakers 
for personal radio receivers, such loss in efficiency an 
performance resulting from loudspeakers miniaturization 
is undesirable, since the output power from the radio 
receiver circuits is ordinarily less than from circuits of 
conventional size. 

it has been recognized that the performance of a loud 
speaker is related to the size of the diaphragm of the 
loudspeaker. From the standpoint of optimum output, 
a large diaphragm would seem to be desirable. How 
ever, in radio receivers where space is limited, resort is 
frequently had to flat diaphragms. However, flat dia 
phragms ordinarily have insufficient stiffness to vibrate 
uniformly over a frequency range wide enough to provide 
sound reproduction with good fidelity. While a flat dia 
phragm can be stiffened by making it heavy or thick, this 
results in a loss in efficiency of operation. It has also 
been proposed to impart stiffness to a flat diaphragm by 
the use of surface corrugations, indentations or other 
surface distortions. For example, a patent to English, 
No. 728,382, issued May 19, 1903, describes a diaphragm 
for phonographs having a plurality of indentations ar 
ranged in some orderly or geometrical manner. Such 
diaphragms are unsatisfactory, however, since adjoining 
indentations and distortions thereon define discrete lines 
or circles therebetween by reason of the regular or order 
ly arrangement of the indentations. Such lines and circles 
establish nodes of vibration at comparatively low fre 
quencies in the operation of the loudspeaker. Thus, a 
loudspeaker or microphone using such a diaphragm is 
insufficient to translate signal energy to or from Sound, 
as the case may be, with good fidelity. 

Accordingly, it is an object of the present invention to 
provide an improved acoustical diaphragm which will 
not be subject to the aforementioned and other difficulties 
characteristic of small diaphragms heretofore known. . 

It is another object of the present invention to provide 
an improved acoustical diaphragm of Substantially fiat 
shape so that it will occupy a minimum of space. 

It is still another object of the present invention to 
provide an improved acoustical diaphragm of minimum 
size which can be operated to reproduce sound with 
good fidelity. 

It is a still further object of the present invention to 
provide an improved acoustical diaphragm of relatively 
thin, flexible material having sufficient stiffness to provide 
satisfactory translation of sound without, however, being 
subject to undesirable nodes of vibration. 

Briefly described, an acoustical diaphragm provided in 
accordance with the present invention may be a relatively 
thin, flexible sheet having a multitude of protuberances 
thereon. These protuberances, in one form, may be spher 
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ical surfaces extending from the sheet. The protuberances 
are arranged adjoining each other to define lines of ran 
dom curvature therebetween. Thus, the protuberances 
impart stiffening to the sheet without defining lines or 
circles which establish nodes of vibration on the dia 
phragm when it is operated in a sound transducer. More 
particularly, the protuberances may be arranged in ad 
joining rows in unsymmetrical arrangement with respect 
to any line across the sheet. 
The invention itself, both as to its organization and 

method of operation, as well as the foregoing and other 
objects and advantages thereof, will become more readily 
apparent from a reading of the following description 
in connection with the accompanying drawing in which: 

FIG. 1 is a central, sectional view of a loudspeaker 
provided with one form of diaphragm according to the 
present invention; and 

FIG. 2 is a plan view of the loudspeaker of FIG. 1. 
Referring, now, more particularly to the drawings, 

there is shown a loudspeaker having a magnetic structure 
10 and an acoustical diaphragm 12 constructed in accord 
ance with the present invention. While a loudspeaker is 
illustrated herein, it will be appreciated that the dia 
phragm provided by the invention may be used in a 
microphone or other acoustical apparatus which requires 
a vibratile element. The loudspeaker is shown on an en 
larged scale in the drawing. For example, the illustrated 
loudspeaker may be approximately 1% inches in overall 
diameter and %2 inch in thickness. 
The magnetic structure includes a permanent ring mag 

net 14. The permanent magnet 4 may be any grain 
oriented magnet commercially available and providing a 
high magnetic flux output. A bottom plate 16 of soft 
magnetic material and a top plate 28, also of soft magnetic 
material, sandwich the permanent magnet 14. A center 
pole portion 22 extends from the bottom plate 16 into 
a central opening in the plate 18. An annular air gap 
29 is defined in the field structure between the top plate 
18 and the pole portion 22. The top plate 18, the botton 
plate 16 and the magnet 14 are fastened together by 
means of screws 24. An annular ridge 26 projects up 
wardly from the top plate 18. A plurality of openings 
28 may be provided in this ridge. The pole piece 22 
also has an axial opening 30 therethrough. Other open 
ings 32 are provided in the bottom plate 6 circumfer 
entially around the pole piece 22. The openings 32 con 
nect the ambient with the air gap 20. The openings 23, 
3 and 32 serve to relieve the pressure behind the dia 
phragm 12 and improve the frequency response of the 
loudspeaker. 
The diaphragm 12 is secured along its marginal flange 

or rim portion 33, as by being cemented, to the top of 
the ridge 26. A voice coil 34 is mounted on a form 35 
which may be cemented to the diaphragm 12 along a flat, 
circular portion 37. The voice coil 34 extends down 
wardly into the air gap 20. A pair of leads (not shown) 
are connected to the voice coil. Electrical signals may 
be applied to these leads to operate the loudspeaker. 
The acoustical diaphragm 12 is a sheet of relatively thin 

material such as plastic, metal, pressed or felted paper, 
or the like. A single corrugation 38 is provided in the 
marginal portion adjacent the marginal flange or rin 33 
of the diaphragm. This corrugation 38 provides a com 
pliant suspension for the diaphragm 2. 
The acoustical diaphragm 12 is essentially flat in shape 

and provides maximum radiating efficiency in a minimum 
volume of space. The efficiency of a loudspeaker is given 
approximately by the general mathematical expression 

(Bl)ry. A 
=- Y - X 10 4-CXX)x100 
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where 
B=flux density in the air gap, in gausses, 
l=length of the conductor in the voice coil, in centimeters, 
rMa=mechanical resistance of the air load, in mechanical 

ohms, 
I'Ec=damped electrical resistance of the voice coil, in 
abohms, 

XMA= on A=mechanical reactance of air load, in mechain 
ical ohms, and 

XMc=wmc=mechanical reactance of the voice coil and 
diaphragm, in mechanical ohms. 
The efficiency of the loudspeaker is therefore deter 

mined by the term "XMc' which is a function of the mass 
of the diaphragm and the voice coil. It follows that a 
heavy, thick diaphragm will produce a loss in efficiency. 
In order for the diaphragm to vibrate uniformly through 
out a relatively wide frequency range, the diaphragm 
must have considerable stiffness. It has been found, in 
accordance with the invention, that great stiffness can be 
imparted into the diaphragm without excessive mass by 
forming a multitude of adjoining protuberances 36 in the 
sheet of thin material constituting the diaphragm. The 
protuberances 36 may be formed as partial spheres, el 
lipsoids, or the like, and they are arranged relative to each 
other in a manner more particularly described herein 
after. The use of protuberances of hemispherical shape, 
as illustrated in the drawings, is especially suitable in pro 
viding an extremely stiff, substantially flat diaphragm. 
The arrangement of the protuberances 36 in the illus 

trated diaphragm also precludes mid and high frequency 
"break up' of the diaphragm. A diaphragm “breaks up' 
when it vibrates on a vibration node so that the inside and 
outside portions of the diaphragm are out of phase. This 
reduces the sound output of the diaphragm over a large 
portion of its frequency range and therefore deteriorates 
the loudspeaker response and performance. Flat dia 
phragms and proposed heretofore ordinarily have arrange 
ments of either indentations or embossments for impart 
ing stiffness which define a plurality of straight lines or 
circles on the surface of the diaphragm. These lines or 
circles act as vibrational nodes. Thus, the diaphragm 
Would "break up" in the mid and high frequency ranges. 
It follows that such diaphragms are not suitable for use 
in loudspeakers and microphones, as well as in many other 
types of acoustical apparatus. 
The protuberances 36 formed in the diaphragm 12 are 

arranged in a non-uniform or unsymmetrical manner, as 
hereinafter more fully set forth, such that straight diame 
ters and uniform circles are not formed at the adjoining 
hemispheres providing the protuberances. The lines de 
fined by the adjoining hemispherical protuberances are, in 
fact, of random curvature. The diaphragm 12 is, there 
fore, without straight lines or uniform circles which would 
act as vibrational nodes. Thus, the diaphragm 12 does 
not "break up" within a wide frequency range. It fol 
lows that a loudspeaker having a diaphragm according to 
the present invention will operate to transduce electrical 
signals into sound with high efficiency and over a wide 
frequency range. Thus, the loudspeaker is especially 
Suitable for use in radio receivers, particularly of the per 
Sonal or the transistor variety. 
The diaphragm 12 may be formed between a pair of 

cooperating dies as in the case of known loudspeaker 
cones. Different ones of the dies may be machined with 
indentations and protuberances thereon so as to accurate 
ly form the diaphragm therebetween. The protuberances 
in the illustrated diaphragm are hemispherical in shape 
and are arranged in generally circular rows. The pro 
tuberances in different rows are offset from each other 
non-uniformly and in such manner that some adjacent 
protuberances are spaced from each other, some are just 
tangent to each other, and some overlap each other in 
different degrees, both within a given row and in adjoin 
ing rows. This non-uniform and more or less haphazard 
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4. 
arrangement of protuberances imparts extreme stiffness 
to the overall diaphragm surface without defining straight 
lines across, or circles around, the diaphragm which will 
result in diaphragm "break up' within the operating range 
of the loudspeaker. 
From the foregoing description, it will be apparent that 

there has been provided, in accordance with the invention, 
an improved acoustical diaphragm which is especially use 
ful in transducers of small size. This diaphragm provides 
greater efficiency of operation in a smaller space than 
previous diaphragms. While only a single loudspeaker 
incorporating a diaphragm in accordance with an illus 
trative embodiment of the invention has been shown and 
described herein, variations in the diaphragm, all coming 
within the spirit of the invention, will, no doubt, readily 
suggest themselves to those skilled in the art, Hence, it 
is desired that the foregoing shall be considered merely as 
illustrative and not in any limiting sense. 
What is claimed is: 
1. A vibratile element which comprises a sheet of flexi 

ble material of substantially uniform thickness having a 
plurality of protuberances on one side thereof, said pro 
tuberances being arranged in substantially random, adjoin 
ing relation. 

2. An acoustical diaphragm which comprises a sheet of 
flexible material of substantially uniform thickness, at 
least a portion of said sheet having a plurality of protuber 
ances on one side thereof for imparting stiffening to said 
portion, said protuberances being arranged in random, ad 
joining relation to each other so that said sheet is free 
from nodes of vibration. 

3. An acoustical diaphragm which comprises a sheet 
of flexible material of substantially uniform thickness 
having a plurality of protuberances on one side thereof, 
said protuberances being arranged adjoining each other in 
substantially random relation to define on said sheet lines 
of random curvature extending along said protuberances. 

4. An acoustical diaphragm which comprises a vibratile 
element of substantially uniform thickness having a multi 
tude of protuberances on one side thereof, said protuber 
ances being disposed in substantially random, adjoining 
relation in an unsymmetrical arrangement to impart stiff 
ening to said element without defining nodes of vibration 
thereon. 

5. An acoustical diaphragm which comprises a vibratile 
sheet of substantially uniform thickness having a plurality 
of partially spherical surfaces thereon extending out from 
one side of said sheet, said surfaces being arranged in 
substantially random unsymmetrical relation with respect 
to each other, at least some of said surfaces overlapping 
each other. 

6. An acoustical diaphragm which comprises a sheet 
of flexible material of uniform thickness having a plurality 
of protrusions on one side thereof, said protrusions being 
arranged substantially at random in adjoining rows and in 
unsymmetrical arrangement with respect to any line across 
said sheet, 

7. An acoustical diaphragm which comprises a sheet 
of flexible material of uniform thickness having a plurality 
of partially spherical surfaces thereon extending out of 
one side of said sheet, said surfaces being disposed in rows 
and being of substantially equal diameter, adjoining ones 
of said surfaces in different rows being offset from each 
other in substantially random relation. 

8. An acoustical diaphragm which comprises a sheet of 
flexible material of uniform thickness having a marginal 
portion for suspending said sheet, said sheet also having 
a region spaced from said marginal portion including a 
plurality of adjoining, partially spherical surfaces extend 
ing from one side of said sheet, and at least some of said 
surfaces being disposed in substantially random, over 
lapping relation. 

9. An acoustical diaphragm comprising a sheet of flexi 
ble material of uniform thickness having a plurality of 
protuberances extending from one side of said sheet and 
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arranged randomly thereon with at least certain adjacent 
ones of said protuberances substantially tangent to each 
other, and certain of said protuberances overlapping each 
other, 

10. An acoustical diaphragm comprising a sheet of flexi 
ble material of uniform thickness having a plurality of 
protuberances extending from one side of said sheet and 
arranged randomly thereon with at least certain adjacent 
ones of said protuberances substantially tangent to each 
other and certain of said protuberances overlapping each 0 
other, said last named certain protuberances comprising 
adjacent pairs of protuberances which overlap each other 
in different degrees. 
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