
3,079,471 Feb. 26, 1963 M. w. WIDENER 
LOUDSPEAKER 

2 Sheets-Shem‘ 1 Filed March 1, 1961 

MAME/CE W Mom/£2 

33 39 4/ 

l 

020W. 
a 

a 

P. 

III-I l3 _ 

INVENTOR. 

BY /6£Mm/i¢%% 
ATTOF/i/E)’ 



Feb. 26, 1963 M. w. WIDENER 3,079,471 
LOUDSPEAKER 

Filed March .1. 1961 2 Sheets-Sheet 2 

44 /// '—'~" 

III-16,4: 

Maw/c5 kill/1405mm 
IN V EN TOR. 

70 

_____>_ ,dMPL/F/EE’S By WM % 



United States Patent O?lice Fatenteti Fold. 26, 19%3 

3*,il'79r4'7l 

Man a W. San lose, (Calif, to 1 
Ce eoration, Redwood City, @aliir, a on of 

, rest, No. sales 

T his invention relates to loudspeakers, and particularly 
to loudspeakers having diaphragms movable by electro 
magnetic means engaging the peripheries thereof. 

in the noted art it has been recognized that 2. dia 
phragm moved by means engaging the periphery thereof 
can give improved performance if a very large part of 
the diaphragm is unyieldingly rigid so as to displace the 
air more uniformly to create the sound waves desired. 
The larger is ‘the rigid area of the diaphragm, the greater 
is the volume of air displaced on each vibrational stroke, 
and the greater is the average amplitude of displacement. 
Also, each such diaphragm is limited in range by an upper 
resonant frequency at which the rigidity of the element is 
overcome and at which it begins to undulate or ?ex 
uncontrollably so as to produce undesirable distortions 
in the sound produced. Thus, the more rigid the dia 
phragm, the wider is the frequency range across which 
the speaker can be used without resonance. In effect, 
it is desired to n'rake the diaphragm more like the solid 
cad of a piston and less like the ?exible head of a drum. 
Previously, attempts to design a speaker embodying 

such a diaphragm have been limited by the circumstance 
that high audible frequencies require a low-mass dia~ 
phragm because very quick alternating resonse and re 
versal of movement of the diaphragm is needed to 
produce these frequencies. Assuming a given material of 
high strength and low unit mass (e.g., aluminum), it is 
nevertheless true that the lower the total mass, the 
thinner the diaphragm must be, and the less rigid. 

Until now, no speaker is known that can reproduce 
the higher audible frequencies without being limited in 
range on the lower side at approximately 3000-4000 
cycles per second. 

Accordingly, it is an object of this invention to pro 
vide a loudspeaker having a non-resonant frequency range 
encompassing substantially all of the desirable audible 
fret? encies above approximately 500 cycles per second. 

lit is another object of the invention to provide a loud 
speaker having a response ?atness range of novel extent 
and of improved constancy. 

it is still another object of the invention to provide a 
loud peaker of improved performance and capable of 
being manufactured in simple and inexpensive form for 
economical sale and use. 
A loudspeaker in accordance with the present inven 

tion satis?es the forego . and other purposes by making 
use of a diaphragm in the shape of an oblate dome 
having increased resistance to distortion under forces 
acting in an axial direction of the dome, and maximum 
rigidity in proportion to mass; and this diaphragm is 
acoustically coupled to a sound box the cavity of which 
is tuned to a lower resonant frequency than the free 
resonant frequency of the mass of the moving parts and 
the suspension thereof. 

Other objects and advantaves will be explained in the 
following speci?cation, considered together with the 
accompanying drawing, in which: 
FlGURE l is a cross-sectioned perspective elevation 

view of a loudspeaker constructed in accordance with the 

invention; 
FlGURE 2 is a fragmentary broken-away plan view, to 

an enlarsed scale, taken substantially on the plane of 
line 2-42 of FEGURE l; 
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FIGURE 3 is an enlarged View of that portion of 

FIGURE 1 enclosed within the arcuate line 3.--3 thereof. 
FEGURE 4 is a schematic view illustrating the shape 

of a dome constructed in accordance with the invention. 
Referring now to FZGURE 1 there is shown a lower 

housing ll. de?ning a cylindrical cavity 12 and having 
a bottom wall 13 reinforced by ?anges E4», the wall 13 
being provided with a small vent opening 16. in the 
upper portion of the housing 11 there is seated and ?rmly 
affixed upper housing 17 provided with an inwardly 
directed flange 18; at the lower end thereof, the ?ange 
de?ning a central opening 19. On the flange is a?ixed 
a toroidal permanent magnet 21 formed, for example, 
of “Alnica,” and having a frusto-conical outer surface 
22. The housing 17 is part of one of the pole pieces of 
the magnet 21‘ and is preferably formed of soft iron. 
The central opening 23 of the magnet is in registry with 
the opening 19 of ?ange l8. Surmounting the magnet 
21 is a soft iron pole piece 24, having a toroidal shape 
and de?ning an opening 26 registering with the opening 
2% of the magnet. On top of the housing 17 and in 
the same plane with pole piece 24 is affixed a toroidal 
cover plate 127, which is also part of the pole piece repre 
sented by the housing 317 and is also made of soft iron. 
The plate 27 de?nes a central opening 28, so that the 
cover plate circuniferentially encompassing the pole piece 
24 is spaced therefrom to de?ne the opening 28 as a 
space between the cover plate and pole piece. A ring 
29 of electrically insulating material is a?ixed to the 
upper portion of the cover plate 27 to form a portion 
of the upper wall of the acoustical cavity through which 
electrical leads are to be passed, as described below. 
A diaphragm mounting ring Edi is aii‘ixed to the upper 
portion of the ring 29 and mounts a resilient collar 
33;, which has a wavy cross-sectional shape to permit 
motion. The collar 3% in turn serves as a mounting 
for a thin aluminum diaphragm 3.2 in the shape of an 
oblate dome oriented with the concave side inward and 
communicating with the central openings of the pole 
pieces 24% and magnet 21. Also a?ixed to the collar 
31 is a downwardly extending cylinder 33 formed, for 
example, of stiff paper on which is mounted an electrical 
coil The cylinder 33 is extended to dispose the 
coil 34 (best seen in FEGURE 3) within the space 28‘ 
‘ etween the cover plate 27 and the pole piece 24. A 
plug 36 made of acoustical damping material such as 
phenolic bonded ?berglass is mounted in the central 
portion of the magnet opening 23 so as to de?ne within 
the interior of the apparatus the lower cavity 12 and 
an upper cavity 37. A damping element 3%, made of 
solid non-magnetic material, is centrally mounted as by 
means of a spider on the pole piece and proiect 
ing upwardly in the upper cavity to a position in which 
the upper surface of the element is spaced closely 
beneath the peak portion of the dome shaped diaphragm 
512, the surface All being formed to substantially the same 
conformation as the confronting peak portion of the 
diaphragm. A pair of electrical leads 4-2 and 43 are 
arranged projecting through the insulating ring 29 to 
be coupled with the coil dd, as hereinafter described. 

it is here noted that the cavities l2 and 3'7 are com 
pletely sealed to form what would be, in the absence of 
the vent opening 16, an air~tight chamber. Under some 
conditions of use or during shipping as by aircraft, there 
would be danger of the loudsieaker blowing up. The 
opening to is provided to circumvent such happenings. 
The structure described above is further illustrated 

in PlGURE 2, together with a protective cover 4-3 of 
rigid, acoustically transparent net material in the shape 
of a dome and aiiixcd to the outer portion of ring 30 
to cover the diaphragm 32. 
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Referring now to FIGURE 3, there is shown the elec 
trical lead 42 extending through the insulating ring 29 
and electrically coupled to a ?exible strip Sl of elec 
trical conducting material having undulations, one end 
of which is extended to pass through a hole 52 in the 
paper cylinder 33 and is electrically coupled to an 
extending end 53 of the conductor forming the coil 34. 

Referring now to FIGURE 4, one method for estab 
lishing the cross-sectional shape of the diaphragm 32 is 
illustrated. The shape is that of an exponential curve, 
and particularly a symmetrical curve or having an axis 
62 of symmetry. To construct one-half of the curve, 
a circular are 63 is struck from the axis 62 and from a 
center 64 on the axis 62. The arc so has a predeter 
mined angle de?ne-d by a radius 66, the angle in this 
example being ?ve degrees. From a second center 67, 
lying on the radius on and spaced from center 64 for a 
distance equal to 0ne~tenth the length of radius 66, a 
second are 68 is laid oil from arc 63. The arc as is also 
of ?ve degrees and is de?ned by an outer radius 69. A 
third are 71 also of ?ve degrees and of radius 72 equal 
to 6.9 of radius 69 is then laid off. The process is 
continued until the tangent '74 to the curve 61 at the 
outermost portion thereof lies at an angle of approxi 
mately sixty degrees to a line 76 that is perpendicular 
to the axis as; that is to say until the tangent '74.- lies 
at an angle or" approximately thirty degrees to the axis 
63. It will be seen that each pair of adjacent arcs have 
a common tangent at the juncture of the arcs, and form 
a smooth curve. 

In this ?gure, the are 81 of a circle centered on axis 
2 and passing through the peak point 82 and the outer 

most point 83 of the curve oil, is shown for comparison. 
It will be noted that the curve 61 has a much sharper 
degree of curvature (i.e., shorter radius of curvature) 
in the vicinity of point 83 than has the are ill; that 
is, the tangent 74 of the curve 61 at point 83 is sub 
stantially closer to being parallel with the axis 62 the 
would be the tangent to the are 31 at point 33. 

In operation, an electrical signal representing the 
wave ?uctuations of sound is supplied to the electrical 
leads 4?; and 43, and the varying current passing through 
the coil 34% causes the coil together with the cylinder 
33 and dome 32 to be rapidly displaced upward and 
downward with ‘espect to the magnet 21 and pole pieces 
24. The wavy shape of the conductor 51 and of the 
collar 31 permits substantial extension of these elements 
in an axial direction of the apparatus so as to impose 
the least possible resistance to the displacement required 
at the greater amplitudes, and so as to prevent fatigue 
and wearing out of the two parts. The damping ele 
ment 38 helps to reduce the amplitude of vibration of 
the diaphragm All at the highest frequencies of vibration 
so as to control the quality of sound emitted. In part, 
the element 38 effects damping as by serving as an anvil 
against which air displaced by the diaphragm 32 in down 
ward movement is compressed, the space between the 
element 38 and the diaphragm being relatively restricted 
so as to hinder the escape of toward the periphery 
of element This eil'ect is also operative during up 
ward movement of the diaphragm 32, because the space 
available for radial inward rush. of air is also relatively 
restricted. The presence of the plug as a dividing 
portion between the upper and the lo‘: er acoustical 
cavities also helps to restrict the displacement of air 
betw en the cavities at the lower frequencies of vibra 
tion and so to improve the acoustical quality of the 
reproduced sound. 
The cross-sectional shape of the diaphragm has an 

important effect in increasing the stiffness rigidity of 
the dome so that equivalent rigidity can be obtained 
with less mass of material, and converselyso that with 
a given mass of material a greater rigidity can be 
obtained, and the range of frequencies that can be re 
produced is extended at the upper limit. 
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it will be understood that ‘the condition of least rigidity 
for a diaphragm is that in which the diaphragm is hat; 
and that the condition of greatest rigidity would be that 
in which the diaphragm most closely approached being 
in the shape of a cylindrical wall, but a cylindrical wall 
would have no cross-sectional surface area suitable for 
displacing air in an axial direction. The provision of a 
spherical dome, as ‘known in the art, is a partly success 
ful compromise, but the oblate shape of the dome used in 
the present invention more closely approaches an ideal 
form. As illustrated in FIGURE 4, the oblate shape 
of the present dome provides a resolution of forces more 
nearly approaching parallelism with the axis of the dia 
phragm at the peripheral portions thereof, where the 
greatest strain is focused when the diaphragm is suddenly 
moved as by forces applied to its periphery. The mass 
of the dome, and the inertia of ‘this mass, is more readily 
moved without distortion of the dome when the dome 
has a more sharply acute curvature with respect to the 
axis at the point where the moving forces are applied. 
On the other hand, at the portions of the dome near the 
axis where the curvature is ?atter than it would be in a 
spherical section, the mass remaining radially inward of 
any selected circular section of the dome is comparative 
ly quite small and the eilcct of the increased ?atness is 
not deleterious. In short, the dome of the invention has 
‘a smaller radius of curvature in the portions thereof that 
lie at a greater radius from the axis and where greater 
rigidity 'is needed to withstand the inertia forces of the 
central or axial portion of the dome, and has greater 
?atness near the axial portion where the strength does 
not have to be so great to produce rigidity. 
The range of non~resonant response of the diaphragm 

having been broadened by the construction above de 
scribed, the loudspeaker is additionally tuned as by care 
tul dimensioning and proportioning of the cavities 12 and 
37 so that the lower resonant frequency of the coupled 
cavities is lower than the frequency of tree resonance 
of the diaphragm and moving parts attached thereto, so 
that the speaker as a whole is limited in its response range 
only by the lower resonant frequency of the cavities and 
by the upper resonant frequency of the diaphragm. 

In a preferred example of the device, constructed and 
proportioned substantially as illustrated in the drawing, 
a response ?atness range of i1 decibel has been achieved 
between the frequencies of 500 cycles per second and 
15,009 cycles per second. 

if desired, ‘as shown in FIGURE 5, and as an alterna 
tive to the use of damping element 38 for damping the 
resonance of the speaker, the lead may be coupled 
to a clamping circuit 4d, comprising an inductor [35, a 
capacitor 4e and a resistor 47 connected in parallel, the 
circuit 134} being in series between the coil and a con 
stant-voltage ampli?er (not shown). 

Thus, there has been described in the foregoing a wide 
frequency range loudspeaker in which an acoustical 
chamber is coupled to a diaphragm in the shape of an 
oblate dome oriented with the concave side facing the 
chamber, so as to provide a very wide range of non 
resonant frequency response. 
What is claimed is: 
1. A wide frequency range loudspeaker comprising: a 

housing de?ning an acoustical chamber closed ‘at one 
end; a diaphragm mounted closing the other end of sai 
chamber and arranged for axial movement relative to 
said housing to cause air pressure variations within and 
without said chamber, said diaphragm having a ?exible 
eripheral portion secured to said housing and a rigid 

central portion in the shape of an oblate dome oriented 
with the concave side facing said chamber; and electro 
magnetic Incans engaging the periphery of said dome 
portion for ei‘lectiru7 axial motion of said dome portion 
in response to variations of a control signal so as to pro 
duce corresponding ‘sound waves. 

2. A loudspeaker as de?ned in claim 1, wherein the 
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cross-sectional shape of said dome is de?ned by an expo 
nential curve. 

3. A Wide frequency range loudspeaker comprising: 
a housing de?ning an acoustical chamber closed at one 
end; a diaphragm mounted closing the other end of said 
cavity and arranged for axial movement relative to said 
housing to cause air pressure variations Within and with 
out said chamber, said diaphragm having a flexible pe 
ripheral portion secured to said housing vand a rigid cen 
tral portion in the shape of an oblate dome oriented with 
the concave side facing said chamber, said dome having 
a cross~sectional shape characterized by a symmetrical 
curve having an axis of symmetry, each half of said 
curve having a plurality of adjacent arcuate portions 
extending from said axis outwardly, each pair of adja 
cent portions having a common tangent at the juncture 
thereof, the radius of each portion being a predeter 
mined tunction of the radius of the adjacent axially in 
ward portion, the angle of each portion being a predeter~ 
mined function of the angle of the adjacent axially in 
ward portion, and the tangent to the outermost part of 
re outermost portion being at an inclination of approxi 

mately thirty degrees to said axis of symmetry; and elec 
tromagnetic means engaging the periphery of said dome 
portion for eitecting axial motion of said dome portion 
in response to variations of a control signal so as to pro 
duce corresponding sound waves. 

4. A wide frequency range ioudpeaker comprising: 
a housing de?ning an acoustical chamber closed at one 
end; a diaphragm mounted closing the other end of said 
cavity and arranged for axial movement relative to said 
housing to cause air pressure variations within and with 
out said chamber, said diaphragm having ‘a rigid central 
portion in the shape of an oblate dome oriented with the 
concave side facing said chamber, and a ?exible periph 
eral portion of substantial radial width constituting a 
cantilever mounting for said dome, whereby said dome 
is axially movable for maximum excursion with mini 
mum unit distortion of said peripheral portion; and elec 
tromagnetic means engaging the periphery of said dome 
portion for effecting axial motion of said dome portion 
in response to variations of a control signal so as to 
produce corresponding sound waves. 

5. A wide frequency range loudspeaker com-prising: a 
housing de?ning an acoustical chamber closed at one end; 
a diaphragm mounted closing the other end of said 
cavity and arranged for axial movement relative to said 
housing to cause air pressure variations within and With 
out said chamber, said diaphragm having a flexible pe 
ripheral portion secured to said housing and a rigid cen 
tral portion in the shape of an oblate dome oriented 
with the concave side facing said chamber; electromag 
netic means engaging the periphery of said dome portion 
for effecting axial motion of said dome portion in re 
sponse to variations of a control signal so as to produce 
corresponding sound waves; ‘and said chamber being 
tuned to a resonant frequency lower than the free re 
sonant frequency of said dome together with the moving 
parts attached thereto. 

6. A wide freouency range loudspeaker comprising: a 
housing de?ning an acoustical chamber closed at one 
end; a diaphragm mounted closing the other end of said 
cavity and arranged for axial movement relative to said 
housing to cause air pressure variations within and with 
out said chamber, said diaphragm having a flexible pe 
ripheral portion secured to said housing and a rigid cen 
tral portion in the shape of an oblate dome oriented 
with the concave side facing said chamber; said chamber 
being tuned to a resonant frequency lower than that of 
said dome; electromagnetic means engaging the periphery 
of said dome portion for effecting axial motion of said 
dome portion in response to variations of a control sig 
nal so as to produce corresponding sound waves; and a 
quantity of acoustical damping material disposed in said 
chamber intermediate the ends thereof. 
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7. A Wide frequency range loudspeaker comprising: a 

housing de?ning an acoustical chamber closed at one one; 
a diaphragm mounted closing the other end of said cavity 
and arranged for axial movement relative to said hous 
ing to cause air pressure variations within and without 
said chamber, said diaphragm having a ?exible periph 
eral portion secured to said housing ‘and a rigid central 
portion in the shape of an oblate dome oriented with the 
concave side facing said chamber; electromagnetic means 
engaging the periphery of said dome portion for effecting 
axial motion of said dome portion in response to varia 
tions of a control signal so as to produce corresp» acting 
sound waves; and a damping element mounted Within 
said chamber, said element having a portion facing said 
dome and spaced therefrom so as to restrict the air ?ow 
immediately behind said dome when said dome is axially 
moved. 

8. A wide frequency range loudspeaker comprising: a 
housing de?ning a chamber closed at one end; a toroidal 
magnet mounted co-axially within said housing and spaced 
from said closed end so as to de?ne a ?rst end compart 
ment of said chamber communicating with the central 
opening of said toroidal magnet; a diaphragm covering 
the other end of said housing and spaced from said mag 
net so as to de?ne a second end compartment of said 
chamber communicating with said central opening of 
said toroidal magnet, said diaphragm having a ?exible 
peripheral portion secured to said housing and a rigid 
central portion in the shape of an oblate dome oriented 
with the concave side facing said chamber; an electrical 
coil co-axially atiixed to the peripheral portion of said 
dome and extending toward said magnet; and means for 
supplying electrical current to said coil, whereby said coil 
is attracted to ‘and repulsed from said magnet in response 
liO variations in the strength and direction of said current, 
and whereby said dome is conjointly displaced to gen 
erate sound waves in the air within and without said 
chamber. 

9. A wide frequency range loudspeaker comprising: a 
housing de?ning a chamber closed at one end; a toroidal 
magnet mounted ‘co-axially within said housing and 
spaced from said closed end so as to de?ne a ?rst end 
compartment of said chamber communicating with the 
central opening of said toroidal magnet; a diaphragm. 
covering the other end of said housing and spaced from 
said magnet so as to de?ne a second end compartment 
of said chamber communicating with said central open 
ing of said toroidal magnet, said diaphragm having a 
?exible peripheral portion secured to said housing, said 
peripheral portion being of substantial radial Width ‘and 
having a plurality of concentric folds for expansion of 
said peripheral portion in either axial direction, said dia 
phragm also having a rigid central portion in the shape 
of an oblate dome oriented with the concave side facing 
said chamber; an electrical coil co-axiaiiy a?ixed to the 
periphery of said dome and extending toward said mag 
net; and electrical leads for supplying electrical current 
to said coil, said leads being mounted to extend radially 
inward through said housing and being affixed at the 
ends thereof to the ends of said coil so as to form an elec 

trical connection therewith, the portions of said leads tending between said housing and said coil being ro 

vided with a plurality of transverse folds for resilient ex 
tension of said leads upon axial movement of said coil; 
whereby said coil is attracted to and repulsed from said 
magnet in response to variations in the strength and di 
rection of said current, and whereby said dome is con 
jointly displaced to generate sound waves in the air with 
in and Without said chamber. 

10. A wide frequency range loudspeaker comprising: 
a housing de?ning a chambe ' closed at one end; a toroidal 
magnet mounted co~axially within said housing and spaced 
from said closed end so as to de?ne a first end compart 
m at of said chamber communicating with the central 
opening of said toroidal magnet; a diaphragm covering 



screen 

the other 3rd of said housing and spaced from said net so as to de?ne a second end compartment of said 

chamber communicating with said central opening of said 
toroidal magnet, said diaphragm having a ?exible periph 
erai portion secured to said housing, said peripheral por 
tion being of substantial radial Width and having a plu 
rality of concentric folds for expansion of said peripheral 
portion in either axial direction, said diaphragm also hav~ 
ing a rigid central portion in the shape of an oblate dome 
oriented with the concave side facing said chamber; an 
electrical coil co-axially a?ixed to the peripheral portion 
of said dome and extending toward said magnet; a pair 
of electrical leads for supplying electrical current to said 
coil, said leads being mounted to extend radially inward 
through said housing and being atlixed at the ends to the 
ends or" said coil so as to form an electrical connection 
therewith, the portions of said leads extending between 
said housing and said coil being provided with a plurality 
of transverse folds for resilient extension of said leads 
upon axial movement of said coil; a quantity of acoustical 
damping material mounted in the central opening of said 
toroidal magnet; and a damping element mounted within 
said second end compartment, said element being shaped 
to conform to the concave side of said dome and being 
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spaced therefrom so as to restrict the flow of air immedi 
ately behind said dome when said dome is axially moved, 
said element being mounted by means of a spider attached 
thereto and to the adjacent portions of said toroidal mag 
net, whereby said coil is attracted to and repulsed from 
said magnet in resnonse to variations in the strength and 
direction of said current, and whereby said dome is con 
jointly displaced to generate sound Waves in the air within 
and without said chamber. 
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