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1 
Our present invention relates to signal trans 

lating apparatus, and more particularly to an 
improvement in dynamic loudspeakers of the 
duo-cone type. 
In the field of sound reproduction, the duo 

cone, dynamic loudspeaker has played an 
important part in extending the frequency 
response range over which sound may be repro 
duced ef?ciently. Among the diiferent types of 
duo-cone loudspeakers which have been designed 
and built in the past is that which is particularly 
described in U. S. Patent 2,426,948, issued to 
applicant J. Preston on September 2, 1947. In 
this loudspeaker, the high frequency cone is 
coaxially mounted within the low frequency cone, 
and both cones are driven by separate voice coils 
disposed in a magnetic ?eld, the system oper 
ating in a well known manner. A loudspeaker 
such as that disclosed in the above-mentioned 
patent, while having a much higher high fre 
quency response than conventional, single-cone 
loudspeakers, is quite expensive, however. In an 
effort to provide an improved loudspeaker of this 
type, we have made certain changes and improve 
ments which result in a simpler and less expensive 
construction. Thus, one of the objects of our 
present invention is to provide an improved, 
simpli?ed, more e?icient construction for a loud 
speaker of the duo-cone type. ' 

t is another object of our invention to pro 
vide an improved construction for the vibratory 
system of a duo-cone loudspeaker. 

It is also an object of our present invention 
to provide an improved dynamic type loudspeaker 
which will cover an extended range of useful. 
audio frequencies over that covered by conven 
tional single-cone loudspeakers, yet which will 
be less expensive than a duo-cone loudspeaker 
such as that disclosed in the above-identi?ed 
Patent No. 2,426,948. 

It is still another object of our present inven 
tion to provide a duo-cone loudspeaker of the 
dynamic type which is simple in construction, 
highly efficient in use, and which can be pro 
duced at a minimum of cost. 
In accordance with our present invention, we 

provide a loudspeaker with two separately driven 
diaphragms, one a large, cone-type diaphragm 
driven by a large voice coil for reproducing sig~ 
nals in the low frequency range, and the'other 
a small, cone-type diaphragm driven by a small 
voice coil for reproducing signals in the high 
frequency range. The cones and voice coils are 
disposed in concentric, nested, overlapping, 
spaced relation-with the-base of‘ the small cone 
coupled to the inside surface of the large cone 
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2 
by a suitable compliant coupling. The small ends 
of both cones are supported from the magnetic 
structure by suitable, compliant, suspension 
members which also serve to center the voice coils 
in the air gaps provided in the magnetic struc 
ture. The base of the large cone is suspended, 
in well known manner, from a dish-pan type sup 
port attached to the magnetic structure. For 
the purpose of preventing vibrations of the large 
cone from being transmitted to the small cone, 
‘the compliance of the center suspension of the 
small cone is small and relatively stiff compared 
to the ccmpliance of the base suspension of the 
small cone. In addition, vents are provided in 
the large cone for the space between the small 
and large cones. A bridge-type magnetic struc 
ture, similar to that disclosed in our copending 
application, Serial Number 51,962, ?led Septem 
ber 30, 1948, makes it possible to supply the two 
air gaps from a single magnet. 
The novel features of our invention, as well as 

additional objects and advantages thereof, will 
be better understood from the following detailed 
description of a single embodiment thereof when 
read in connection with the accompanying 
drawing, in which 

Figure 1 is a side view in section, taken 
through the center, of a duo-cone loudspeaker in 
accordance with our present invention, 
, Figure 2 is an enlarged plan view in section, 
taken on the, line 2--2 of Figure 1, 

Figure 3 is a wiring diagram of an electrical 
circuit corresponding to the mechanical network 
of the vibrating system of the loudspeaker shown 
in Figure 1, and 

Figure 4 is a curve showing the frequency 
response characteristic of a duo-cone loudspeaker 
in accordance with our present invention and 
mounted On a ?at bai?e. 

Referring more particularly to the drawing, 
wherein similar reference characters designate 
corresponding parts throughout, there is shown 
a loudspeaker system having a pair of nested, 
overlapping, truncated cones l, 3 which are 
mounted in concentric, spaced relation. The 
outer cone I is comparatively large and is par 
ticularly adapted for reproducing low frequency 
signals, while the inner cone 3 is'comp'ar'atively 
small and is particularly adapted for reproducing 
high frequency signals. The cones l, 3 are con 
nected, respectively, at their apex ends to voice 
coil forms 5, E which have voice coils 1,.8 dis,‘ 
posed, respectively, on their outer surfaces. j ‘ 
For producing a magnetic ?eld, there is pro 

vided a suitable magnetic structure 9 which may 
be of the type disclosed and claimed in'diii‘ above 
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identi?ed copending application which comprises‘ 
a yoke H and a front plate it attached to the 
ends of the yoke, the front plate having a central, 
annular aperture i5 therein. A permanent mag 
net IT has one end is thereof mounted on the 
base 19 of the yoke ll , with a solid, central cylin 
drical pole piece 2i disposed on the opposite end 
23 thereof and extending through the aperture 
I 5. Also mounted on the end 23 is another 
cylindrical pole piece 25 which is disposed in 
spaced relation to the pole piece 211 so as to pro 
vide an inner annular air gap 2'! therebetvveen. 
The pole piece 25 extends through the front plate 
aperture l5 also in spaced relation to the front 
plate 13 so as to provide an outer air gap 25 
therebetween. An annular, cup-shaped, dust ring 
30 of non-magnetic material is secured to the 
rear surface 32 of the front plate is by any suit 
able means. The annular dust ring 35 has a 
central aperture 35 through which the pole piece 
25 extends in close ?tting relation for the pur-y 
pose of preventing dust particles from entering. 
the outer air gap 29. While the magnet 9, as 
illustrated in the drawing, is of permanent mag 
net construction, it could, of course, be of the 
electro-magnet type. 
Attached to the front plate it is a dishpan 

support 3! for mounting the cone diaphragm i 
of the loudspeaker. The circumferentially ex- 
tending, radially corrugated base portion 33 of 
the cone l is attached to a ?anged portion 35 of 
the dishpan support 3! by any suitable means. 
The voice coil form 5, which is attached to the 
apex end 31 of the cone 5, is supported by a 
flexible spider or corrugated centering member 
39, the purpose of which is to maintain the voice 
coil '! centered in the outer air gap 29. The outer 
periphery 40 of the spider 39 is connected to 
the dishpan support 3! by any suitable means. 
The base portion M of the small cone 3 is cir 

cumferentially corrugated similar to the large 
cone base portion 33 and has its periphery 42; 
attached by suitable means to the inner surface 
45 of the cone 1, thus eliminating the need of a 
dishpan support for the small cone 3. The apex 
end 41 of the small cone 3 is attached to a cir 
cular disc or center suspension 139 which is se 
curely fastened to a bushing 5i) attached to the 
end 5| of the center pole piece 21 by means of 
a screw 52, the disc as maintaining the voice 
coil 8 centered in the air gap 27!. For con 
veniently connecting the voice coil 8 of the cone 
3 to the output stage of an audio ampli?er, there 
is attached to the cylindrical pole piece 25 a 
terminal strip 53 which is provided with a pair 
of terminals 55 to which the small cone voice 
coil leads 51 are attached. Electrical leads 55 
from the audio ampli?er output stage extend 
through apertures 6!, 65 provided in the pole 
piece 25 and are connected to the terminals 55 
on the strip 53. 
In order to keep vibrations of the large cone 

I from being transmitted to the small cone 3, 
certain structural details must be observed. 
Reference isv made to the vibrating system me 
chanical network illustrated in Figure 3, wherein: 

f1=the driving force in the low frequency voice 
coil; I ' ' 

j2=the driving force in the high frequency voice 
coil; 

m1=the mass of the low frequency cone and coil; 
mz=the mass of the high frequency cone and coil; 
m3.=theqmass of air in the vent holes 67! (referred 

: to more particularly hereinafter) in the low 
: frequency cone; 
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CM1=the compliance of the outer suspension sys 
tem of the low frequency cone; 

CM2=the compliance of the centering suspension 
of the low frequency cone; 

CMs=the compliance of the centering suspension 
of the high frequency cone; 

CM4=the compliance of the outer suspension sys 
tem of the high frequency cone; and 

CM5=the compliance of the cavity 65 (referred 
to more particularly hereinafter) between the 
low and high frequency cones. 

It Will be observed from this diagram that the 
above-mentioned objective can be attained by 
making the compliance Cm of the center suspen 
sion 49 of the small cone 3 very small compared 
to the compliance 0M4 of the small cone outside 
or base suspension 4!. That is, the center sus 
pension member 49 should be relatively stiff com_ 
pared to the base suspension M. In addition 
thereto, it is also necessary to vent the space 
55 between the large cone l and the small cone 
3, in order to compensate for the stiffness of the 
air in the space 65. Thus, by providing a plu 
rality of apertures‘or vent holes 67 in the large 
cone l between its apex end 3‘! and the point 
at which the small cone periphery A3 is attached 
to the large cone inner surface 45, a mass m3 
(de?ned above) is placed in shunt with the com 
pliance CM5 of the cavity 65. The size of the 
apertures 61 is dependent upon the volume of 
the cavity or space 65, that is, they should be 
of a size such that they will provide an imped 
ance which is small compared to the impedance 
of the cavity or space 65. For the purpose of 
keeping dust particles from entering the inner 
air gap 2? through the apertures 6?, suitable 
screens ?ll, which may be made of porous, bake 
lized cloth, are disposed over the apertures till. 
From the foregoing description, it Will be ap 

parent to those persons skilled in the art that We 
have provided an improved loudspeaker which is 
capable of reproducing signals over an extended. 
audio frequency range. For example, the re 
sponse from one loudspeaker, which was con 
structed in accordance with our present inven 
tion'and was provided with a ?at baflle having 
dimensions approximately six feet by six feet, 
covered a frequency range of approximately 50 
to 11,000 cycles per second, as shown by the re~ 
sponse frequency characteristic curve ll illus 
trated in Figure 4 of the drawing. Although 
we have shown and described but a single modi 
?cation of our present invention, it will, no 
doubt, be apparent to those persons skilled in 
the art that other modi?cations, as Well as 
changes in the particular one described above, 
are possible Within the spirit of our invention. 
Therefore, we desrie that the particular form of 
our invention described herein shall be con 
sidered as illustrative and not as limiting. 
What is claimed is: 
1. In a loudspeaker having means for convert 

ing electrical oscillations into sound Waves, a 
plurality of cone shaped diaphragms opera 
tively associated With said means, said dia 

’ phragms being mounted for independent vibra 
tory movement and being concentrically ar~ 
ranged, means supporting said diaphragms in 
spaced apart relation one Within the other, 
means including said supporting means for en 
closing an air space between said diaphragms, 
and means in one of said diaphragms for vent~ 
ing said air space thereby to prevent vibrations 

" of one of said diaphragms from being trans 
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mitted by the air in said space to the other of ,, 
said diaphragms. 

2. The invention set forth in claim 1 wherein 
said diaphragms are of relatively lesser and 
greater diameter and particularly effective, re 
spectively, to reproduce higher and lower audio 
frequencies, and wherein said supporting means 
includes a compliant coupling attached to the 
base periphery of said smaller diaphragm, said 

larger diaphragm and said compliant coupling 
being attached to the inner surface of said larger 
diaphragm, and wherein said venting means 
comprises at least one aperture provided in said 
larger diaphragm. 

3. The invention set forth in claim 2 wherein 
said aperture is of a size such that it will provide 
an impedance which is small compared to the 
impedance of said air space. 

6 
4. The invention set forth in claim 2 and 

wherein screen-like material is disposed over said 
aperture. 

HARRY F. OLSON. 
JOHN PRESTON. 
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