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The present invention relates to acoustic devices and, 
more particularly, to loudspeakers of the type compris 
ing a frame carrying a voice coil, and a diaphragm inte 
grally including a conical piston portion, the apex of 
which is associated with the coil, and an annular convo 
luted portion the periphery of which is connected to the 
frame. Generally, if the piston portion is to generate 
frequencies within a desirable sound range, particularly 
bass frequencies, its diameter should not be too small. 
Generally, the convoluted portion, if it is not to restrict 
unduly the diameter of the piston portion or otherwise to 
effect adversely its operation, must be carefully designed 
to occupy minimum space and to vibrate freely. 
The primary object of the present invention is to pro 

vide a loud speaker of the foregoing type in which: a 
frame of conventional size omits the gasket usually re 
quired as an acoustic seal between a frame and its Sup 
port in order to provide a much space as possible for a 
diaphragm and in which the diaphragm has a piston por 
tion of unusually large area by virute of a convoluted 
portion, of minimum extent and exceptional efficiency, 
having a ridge immediately adjacent to the piston por 
tion that is forwardly convex i.e. the cross-sectional slope 
with respect to the axis of the diaphragm of the roll im 
mediately continuing from the external periphery of the 
piston portion, initially decreases with respect to the 
axis as its distance outwardly from the axis increases. 

Other objects of the present invention are: to provide 
a loudspeaker of the foregoing type wherein the frame in 
cludes a forward annular portion and the convoluted por 
tion of the diaphragm includes, immediately adjacent to 
the forward annular portion, a trough that is forwardly 
concave; to provide a loudspeaker of the foregoing type 
wherein the cross-sectional length from the periphery of 
the piston portion to the apex of its adjoining ridge is 
considerably less than the cross-sectional length from the 
annular portion of the frame to the apex of its adjoin 
ing trough, whereby the adhesive by which the convoluted 
portion is affixed to the annular portion does not inter 
fere with the flexibility of the convoluted portion; to pro 
vide a loudspeaker of the foregoing type wherein the 
outer periphery of the trough is cemented to a face of 
the annular portion of the frame that lies in a plane per 
pendicular to the axis of the diaphragm, whereby the 
outer periphery of the trough is capable of serving as a 
gasket; and to provide a loudspeaker of the foregoing type 
wherein the outer periphery of the trough is cemented 
to the inner cylindrical periphery of the annular portion 
of the frame. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 
The invention accordingly comprises the device pos 

sessing the features, properties and relation of elements, 
which will be exemplified in the device hereinafter de 
scribed and the Scope of which will be indicated in the 
claims. 

For a fuller understanding of the nature and objects 
of the invention reference should be had to the following 
detailed description taken in connection with the accom 
panying drawings wherein: 
FIGURE 1 is a top plan view of a loudspeaker em 

bodying the present invention; 
FIG. 2 is a side elevation of the loudspeaker of FIG. 1; 
F.G. 3 is an enlarged, fragmentary, cross-sectional view 
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2 
of the loudspeaker of FIG. 1, the section being taken sub 
stantially along the line 3-3 of FIG. 1; 
FIG. 4 is an enlarged fragmentary, cross-sectional 

view of an alternative loudspeaker embodying the present 
invention, the section being analogous to that of FIG. 3; 
FIG. 5 is an enlarged, fragmentary, cross-sectional 

view of a further alternative loudspeaker embodying the 
present invention, the section being analogous to that 
of FIG. 3; 

FIG. 6 is an enlarged, fragmentary cross-sectional 
view of still another alternative loudspeaker embodying 
the present invention, the section being analogous to that 
of FIG. 3; and 

FIG. 7 is an enlarged, fragmentary cross-sectional view 
of still another alternative loudspeaker embodying the 
present invention, the section being analogous to that of 
FIG, 3. 
The loudspeaker of FIGS. 1, 2, and 3 in accordance 

with the present invention, comprises a reticulated metal 
frame 20 and a generally conical diaphragm 22, composed 
of a light but stiff fibrous material, such as paper or card 
board. 
As shown, frame 20, in the form of a dish shaped 

basket, includes a rear inward base 24 of relatively small 
extent and a front outward annulus 26 of relatively great 
extent. Annulus 26 is integrally joined to base 24 by 
rearwardly converging webbing 28. Annulus 26 presents 
a forward face 30 lying in a plane that is perpendicular 
to the axis of the annulus. Annulus 26 presents an in 
ner Substantially cylindrical face 32 disposed about the 
axis of the annulus and extending longitudinally thereof 
a substantial distance, for a reason to become apparent 
below. Extending outwardly from annulus 26, at spaced 
90 intervals in a plane rearwardly of the plane of face 
36, are four mounting extensions 34, the free edges of 
which lie generally along the four sides of a square. Ex 
tending rearwardly from base 24 is a flux loop 36 in the 
form of a magnetic metal strap, the legs of which are 
affixed to the base. A magnetic core 38 extends for 
Wardly from the bight of flux loop 36, its forward por 
tion being received by a reciprocable voice coil 42. 

Diaphragm 22, the apex portion of which is connected 
to the forward end of voice coil 42, diverges forwardly 
with respect to the diaphragm axis at an angle of 20 to 
45. The conical portion of diaphragm 22, extending 
from the circle partially shown in phantom lines at 46, 
i.e. the portion of the diaphragm that is cross-sectionally 
Substantially linear in a plane through the diaphragm axis, 
is termed the piston. The forward periphery of the pis 
tion is integrally joined to a peripheral convoluted portion 
extending from circle 46 to the inner edge of face 30. 
This convoluted portion includes, in integral sequence, a 
forwardly convex peripheral ridge 48, a forwardly con 
cave peripheral trough 50, a spacing continuation 5i and 
a flange 52, which is affixed to face 30 by cement 54. 
It will be noted that the slope of ridge 48 with respect 
to the axis 56 of diaphragm 22 immediately adjacent to 
the piston is less than the slope of the piston with respect 
to axis 56, i.e. the angle between phantom line 58 and 
axis 56 is less than the angle between phantom line 60 
and axis 56. It will also be noted that the cross-sectional 
length of ridge 43 from the outer periphery 46 of the 
piston to the apex of the ridge is less than the combined 
cross-sectional length of trough 50 and spacer 51 from 
the apex of the trough to the inner edge of face 30 of 
frame 29. Flange 52, which is cemented to face 30, serves 
as the gasket between the frame and the panel to which it 
is affixed, for example, by bolts extending through aper 
tures 62 in extensions 34. 
An alternative embodiment of the present invention is 

illustrated in FIG. 4 as comprising a frame 64 similar 
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in all respects to frame 20 of FIGS. 1, 2, and 3 and a 
diaphragm 66 including a piston 63 terminating outward 
ly at 70 and a convolution portion 72. Convolution por. 
tion 72, in integral sequence, includes a first ridge 74, 
a first trough 76, a second ridge 78, a second trough 80 
and a spacing continuation 8. The outer periphery of 
trough 80 provides a channeled flange 82 having a fabric 
core 84. The channel and the core incorporate cement 
by which they are affixed to the forward face of frame 
64. It will be noted that the length from the outer ex 
tremity 70 of piston 68 to the apex of ridge 74 is consid 
erably less than the combined length from the apex of 
trough 80 and extension 81 to the point at which extension 
81 contacts frame 64. 
Another embodiment of the present invention is illus 

trated in FIG. 5 as comprising a frame 38, similar in all 
respects to frame 20 of FIGS. 1, 2, and 3, and a dia 
phragm 90 including a piston portion 92 extending gen 
erally downwardly from phantom line 93 and a convolu 
tion portion 94 extending generally upwardly from phan 
tom line 93. The convolution portion includes a for 
wardly convex ridge 96 integrally extending from piston 
92 and a forwardly concave trough 98 integrally extend 
ing from ridge 96. The free extremity of trough 96 is ce 
mented to the inner tubular periphery 100 of the for 
ward annular portion of frame 88. 
Another embodiment of the present invention is illus 

trated in FIG. 6 as comprising a frame 102 and a dia 
phragm 104. The forward annular portion 105 of frame 
102 is peripherally stepped to provide a first generally tu 
bular portion 108, a flange portion 10, a second general 
erally tubular portion 112 and extension portions 14. 
Diaphragm 104 includes a piston 16 terminating out 
wardly at 118 and a convolution portion 120, which, in 
integral sequence, includes a ridge 122, a trough 124, a 
continuation extension 126 and a flange 128. Flange 128 
is cemented to flange portion 110. In turn, a gasket 130 
is cemented to flange 128. This embodiment provides 
Various advantages of the present invention and, in addi 
tion, the advantage of a conventional gasket where desir 
able. 
An alternative embodiment of the present invention is 

illustrated in FIG. 7 as comprising a frame 132 and a 
diaphragm 134. As shown, frame 132 comprises an an 
nular portion including a first flange portion 136, a first 
tubular portion 138, a second flange portion 140 and ex 
tension portions 142. Diaphragm 134 includes a bowed 
conical piston portion that is inwardly convex in cross 
section extending below phantom line 44. Diaphragm 
134 includes a convolution portion including a fragmen 
tary ridge portion forwardly convex that has a forwardly 
projecting portion 146 and an extension 148, which is 
cemented to flange portion 140 of frame 32. This mod 
ification of the present invention is a so called “tweeter” 
that employs the present invention in the advantageous 
production of sounds of high frequency. 

Since certain changes may be made in the foregoing 
devices without departing from the scope of the invention 
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4. 
herein involved, it is to be understood that all matter 
mentioned in the foregoing description or shown in the 
accompanying drawings is to be interpreted in an illustra 
tive and not a limiting sense. 
What is claimed is: 
1. A loudspeaker comprising a frame having a forward 

peripheral and a rearward medial portion, a conical dia 
phragm and a loudspeaker coil, the apex of said diaphragm 
being connected to said loudspeaker coil, said diaphragm 
including a piston portion and a convolution portion inte 
gral therewith, said convolution portion integrally includ 
ing an outwardly convex ridge extending from said piston 
portion and an outwardly concave trough, the outer 
extremity of which is connected to said forward peripheral 
portion, the length from the extremity of said piston por 
tion to the apex of said ridge being less than the length 
from the apex of said trough to said forward peripheral 
portion, an integral extension from said forward peripheral 
portion, the forward face of said extension lying substan 
tially in a plane rearward of the plane in which lies the 
forward face of said peripheral portion. 

2. A loudspeaker comprising a frame having a forward 
peripheral and a rearward medial portion, said forward 
peripheral portion presenting a forward face, a conical 
diaphragm and a loudspeaker coil said diaphragm having 
an axis, the apex of said diaphragm being connected to 
said loudspeaker coil, said diaphragm including a piston 
portion and a convolution portion integral therewith, said 
convolution portion integrally including an outwardly 
conveX ridge and an outwardly concave trough, the outer 
eXtremity of which is connected to said forward peripheral 
portion, the length from the extremity of said piston por 
tion to the apex of said ridge being less than the length 
from the apex of said trough to said forward peripheral 
portion, an integral extension from said forward peripheral 
portion, the forward face of said extension lying sub 
stantially in a plane rearward of the plane in which lies 
the forward face of said peripheral portion, the slope of 
said ridge with respect to the axis of said piston portion 
being less than the slope of said piston portion with respect 
to said axis. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,843,367 Langley ------ re-esar r s - res. Feb. 2, 1932 
2,513,171 Hassan --------------- June 27, 1950 
2,534,040 Lindley --------------- Dec. 12, 1950 
2,549,091 Hopkins --------------- Apr. 17, 1951 
2,611,830 Heineman -------------- Sept. 23, 1952 
2,717,047 Buchmann -------------- Sept. 6, 1955 
2,722,991 Carbonneau ------------- Nov. 8, 1955 
2,769,942 Hassan ----------------- Nov. 6, 1956. 
2,810,021 Brownscombe ---------- Oct. 15, 1957 
2,810,447 Radin ----------------- Oct. 22, 1957 
2,866,515 Hunter----------------- Dec. 30, 1958 
2,890,760 Bobb ----------------- June 16, 1959 

OTHER REFERENCES 
Germany (printed application), R11183 Viia/21a2, 

May 9, 1956. 


