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57 ABSTRACT 
A low-frequency loudspeaker overcoming a tendency 
to provide excessive midrange acoustic output. A cir 
cular attenuator disk of a low-density material is se 
cured axially to and covers the central radiating sur 
face area of the loudspeaker's conical diaphragm, 
being attached adhesively at its periphery to the dia 
phragm at a circle spaced inwardly from the outer pe 
riphery of the diaphragm. The disk is also attached at 
its center to the support dome for the loudspeaker, 
and it lies substantially in a single plane, thereby form 
ing an airtight chamber between the disk and the dia 
phragm. As a result, the excessive midrange acoustic 
output efficiency is dissipated within the chamber, 
only the excessive midrange acoustic output efficiency 
being attenuated, and this is done without altering the 
electro-magnetic circuit properties of the loudspeaker. 
The loudspeaker's acoustic output performance is 
thereby brought to a substantially uniform level over 
its entire operating range. 

3 Claims, 4 Drawing Figures 
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LOW-FREQUENCY LOUD SPEAKER 

BACKGROUND OF THE INVENTION 

This invention relates to low-frequency loudspeak 
e.S. - 

Many loudspeaker systems employ two types of loud 
speakers,-one to reproduce the lower audio frequen 
cies of sound while the other is used to reproduce the 
higher audio frequencies of sound. Such a system is 
commonly known as a two-way loudspeaker system, 
and in them a crossover network is commonly used to 
divide the audible range of sound, so that the low 
frequency loudspeaker handles only the lower octaves 
of sound and the high-frequency loudspeaker handles 
only the higher octaves of sound. 

In such two-way systems, the low-frequency loud 
speaker is commonly called upon to cover a frequency 
range extending from approximately 30 Hz to 3,000 
Hz. As a result, one of the drawbacks in a two-way sys 
tem is that the need of the low-frequency loudspeaker 
for high efficiency limits the response characteristics of 
the system. It is well known that an essential require 
ment in any high quality low-frequency loudspeaker is 
that its cone movement respond instantly at the com 
mencement of an audio signal impulse and, just as 
quickly, come to a position of complete rest at the con 
clusion of that signal impulse. Therefore, the require 
ment for good transient response in a speaker system 
calls for a low-frequency loudspeaker whose relatively 
strong electro-magnetic circuit properties identifies it 
as being of the high efficiency type. In general, the 
stronger the loudspeaker's magnetic flux density, the 
better its transient response. 
Unfortunately, the basic necessity for such strong 

magnetic properties has its greatest influence upon a 
low-frequency loudspeaker's acoustic output efficiency 
over the midrange frequencies. Therefore, a high effi 
ciency loudspeaker-although of the type required by 
a high quality speaker system-produces a louder level 
of acoustic output in the midrange frequencies than in 
the lower frequencies. This occurs because a low 
frequency loudspeaker's efficiency is specified in the 
midrange frequencies, and therefore loudspeaker de 
signers often refer to it as the loudspeaker's "sensitivity 
region.' 

In addition to this having greater acoustic output effi 
ciency in the midrange frequencies, another unfortu 
nate drawback of prior-art low-range loudspeakers 
arises from the fact that the same strong electromag 
netic properties which give a high efficiency loud 
speaker good transient response and cause a predomi 
nant acoustic output level in the midrange frequencies, 
actually restrict it from delivering good bass response. 
This occurs because a loudspeaker's motional imped 
ance (the result of back electromotive force) at its res 
onance frequency goes up as the square of the flux den 
sity. Since high efficiency calls for high flux density, the 
higher impedance present in a high efficency loud 
speaker over the lower frequencies results in a restric 
tion of low-frequency signal transmission from the 
audio power amplifier. 
Thus, for a given input power level, the low 

frequency loudspeaker which is to cover the lower fre 
quency assignment within a bandwidth of approxi 
mately 30 Hz to 3,000 Hz in a two-way system, and at 
the same time is to provide good transient response, has 
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2 
two drawbacks: (1) a predominant acoustic output 
level over the midrange frequencies of its assigned 
range and (2) an inadequate acoustic output level over 
the lower frequencies of its assigned range. 
The choice of a desired listening level is governed 

largely by one's keener sensitivity to a speaker system's 
prevailing loudness in the midrange frequencies of 
sound. The reason for this fact is that the human hear 
ing process is endowed by nature with greater sensitiv 
ity to midrange frequencies than it is to either low or 
high frequencies. Since one's choice of a listening level 
is determined from a natural, and yet unconscious ref 
erence to the midrange frequencies of sound, it follows 
that when a loudspeaker's midrange acoustic output is 
at a level of, for example, 6 decibels higher than its low 
frequency output level, then the low frequencies are 
not heard at an adequate loudness level with respect to 
the inherent uniformity present in today's recorded 
musical source material and in today's related amplifi 
cation equipment. 
One object of the present invention is to overcome 

the undesirable predominant midrange acoustic output 
efficiency of a low-frequency loudspeaker in these in 
stances where such predominance in output is due to 
a loudspeaker's essential requirement that it incorpo 
rate an electromagnetic coupling factor high enough in 
value to achieve good transient response. This object is 
accomplished by retaining in the loudspeaker a high 
value of electromagnetic coupling in its magnetic air 
gap for the purpose of obtaining good transient re 
sponse while simultaneously lowering its acoustic out 
put efficiency in the midrange only. This can be done 
to a degree which causes the loudspeaker to produce 
substantially the same level of acoustic output over the 
midrange frequencies as it produces over the lowest 
frequencies of audible sound. Note that only the loud 
speaker's excessive midrange acoustic output level is 
lowered, not the electromagnetic properties which it 
needs to obtain good transient response. To this end 
the basic construction of a high efficiency type loud 
speaker itself is not altered, but modified. 

SUMMARY OF THE INVENTION 
This invention provides a low-frequency loudspeaker 

having high efficiency and yet overcoming the ten 
dency to provide excessive midrange acoustic output. 
Its main support structure supports a voice coil. A sup 
porting dome connected to the coil supports the inner 
periphery of a main conical diaphragm, the outer pe 
riphery being supported by the main support structure. 

A circular attenuator disk of a low-density material 
is secured axially onto and covers the central radiating 
surface area of the diaphragm. The disk is attached ad 
hesively at its periphery to the diaphragm at a circle 
spaced inwardly from the diaphragm's outer periphery. 
The center of the disk is attached to the dome and the 
disk lies substantially in a single plane, and it forms an 
airtight chamber between the disk and the diaphragm. 

As a result, the excessive midrange acoustic output 
efficiency is dissipated within the airtight chamber, 
only the excessive midrange acoustic output efficiency 
of the loudspeaker being attenuated. This is done with 
out altering the electromagnetic circuit properties of 
the loudspeaker which are responsible for its tendency 
toward excessive midrange output efficiency. Thereby 
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the invention equalizes the loudspeaker's acoustic out 
put performance to a substantially uniform level over 
its entire operating range. 
Other objects and advantages of the invention will 

appear from the following description of a preferred 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 
FIG. 1 is a simplified view in front elevation of a low 

frequency range loudspeaker embodying the principles 
of the invention. 
FIG. 2 is a view in section taken along the line 2-2 

in FIG. 1. 
FIG. 3 is a graphical diagram plotting output in deci 

bels against frequencies in Hertz and kiloHertz for the 
uncorrected loudspeaker. 

FIG. 4 is a view like FIG. 3 for the corrected loud 
speaker of this invention, differing from the uncor 
rected loudspeaker only in inclusion of the present in 
vention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

FIGS. 1 and 2 show the moving system of a low 
frequency loudspeaker 10. A main cone or conical dia 
phragm 11 is attached to a voice coil structure 12 and, 
at its outer line 13 to a support cone 14 all conven 
tional. However, in the present invention a circular at 
tenuator disk 15 is positioned centrally with respect to 
and secured onto the main cone 11. This attenuator 
disk 15 is preferably of closed-cell neoprene foam; typi 
cally, it may have a density in the order of 10 to 12 lbs. 
per cubic foot and a uniform thickness of one-eighth 
inch -0.015 inch. The disk 15 preferably covers about 
40 percent of the effective radiating surface of the main 
cone 11. For example, for a main cone 11 having an ef 
fective radiating surface diameter of 7-6 inches, the 
disk 15 may have a diameter of 4-94 inches. The disk 
15 may be secured to the main cone 11 by a suitable 
adhesive cement applied at the circular perimeter 16 of 
the disk 15. The disk 15 is also secured at its center by 
applying a film of suitable adhesive cement to a central 
area 17 of a supporting dome 18, which is preferably 
of the usual fiber type. The dome 18 is of such suitable 
size that its most forward centrally exposed surface 
area 17 lies in substantially the same plane as the circu 
lar perimeter 16 of the disk 15, where it intersects with 
the main cone 11. In this manner, the disk 15 is rigidly 
supported to prevent flexure at its two supporting areas 
16 and 17. Its adhesive bond with the main cone 11 
forms an airtight chamber 20 between the disk 15 and 
the main cone 11. 
The structure dissipates the excessive and predomi 

nant midrange acoustic output of the loudspeaker 10 
within the enclosed chamber 20 formed and enveloped 
by the disk 15 and the main cone 11. The degree of at 
tenuation necessary to reduce the excessive acoustic 
output (which is found to emanate from that portion of 
the main cone 11 which is covered by the disk 15) is 
governed by the density and thickness of the disk 15. 

Since the degree of attenuation needed varies be 
tween loudspeakers, objective acoustic measurements 
are recommended as an aid in determining the opti 
mum density and thickness of the disk 15 for a particu 
lar loudspeaker. The degree to which the excessive 
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4 
midrange acoustic output for any given loudspeaker is 
to be attenuated can be controlled by altering either 
the density or the thickness of the disk 15 or both. 
A major benefit of this invention is that it enables the 

excessive midrange acoustic output of a low-frequency 
loudspeaker to be lowered to a level that is substan 
tially equal to its low-frequency output level. It 
achieves this benefit without diminishing that high 
order of electromagnetic coupling which gives the 
loudspeaker its high efficiency and, therefore, its ability 
to respond instantly to audio signal transients. 
Another benefit of this invention is that by attenuat 

ing the excessive midrange output level of the loud 
speaker, the crossover transition between the low 
frequency loudspeaker and the high-frequency loud 
speaker can occur at a higher frequency, where power 
demands are lower. Such a crossover transition helps to 
prevent not only distortion from the high-frequency 
loudspeaker but also the danger of failure thereof due 
to power overloads to which it might otherwise be sub 
jected at a lower crossover frequency. 

This invention, therefore, obtains desirable low 
frequency acoustic output characteristics previously 
obtainable only by much more expensive means, such 
as employing costlier and much larger low-frequency 
loudspeakers or resorting to three-for four-way system 
designs, which employ greater complexities in their de 
sign arrangements, or employing expensive electronic 
equalizer apparatus for attenuating excessive output. 
The invention accomplishes its objectives at small cost 
compared to other methods presently available for con 
trolling the acoustic output characteristics of a loud 
speaker. 
FIGS. 3 and 4 show in graphical form the results of 

the present invention. Since the drawings are fully la 
beled, no further explanation is needed. 
The entrapped air in the enclosed space 20 acts as a 

medium for transmitting motion. However, the mo 
tional disposition of the disk 15, because of the disk's 
resiliency, is positive at low frequencies, and as the fre 
quencies rise into the midrange region its motional dis 
position, except at its supporting areas 16 and 17, be 
comes negative. This is because of the effects of inertia; 
that is, the accelerated forces acting upon the disk 15 
in the higher frequencies are not transmitted through 
out the disk 15, because of the inertia of the material 
used in the disk. The advantages are significant since 
under these circumstances, the additional mass of the 
disk 15 does not effect any significant increase in 
power requirements from the power amplifier (as oc 
curs where mass loading of the diaphragm is used in the 
prior art). The disk 15, therefore, becomes a true atten 
uator of sound where attenuation is called for. - 
To those skilled in the art to which this invention re 

lates, many changes in construction and widely differ 
ing embodiments and applications of the invention will 
suggest themselves without departing from the spirit 
and scope of the invention. The disclosures and the de 
scription herein are purely illustrative and are not in 
tended to be in any sense limiting. 

I claim: 
1. A low-frequency loudspeaker having a main sup 

port structure, a voice coil supported by said main sup 
port structure, a supporting dome connected to the 
coil, and a main conical diaphragm supported by said 
dome at an inner periphery and by said main support 
structure at an outer periphery, said loudspeaker hav 



3,833,085 
5 

ing high efficiency and overcoming a tendency to pro 
vide excessive midrange acoustic output, characterized 
by 
a circular attenuator disk of a low-density material 
secured axially onto and covering the central radi 
ating surface area of said diaphragm, 

said disk being attached adhesively at its periphery to 
said diaphragm at a circle spaced inwardly from the 
outer periphery of said diaphragm, said disk being 
attached at its center to said dome and lying sub 
stantially in a single plane, 

thereby forming an airtight chamber between said 
disk and said diaphragm, 

wherein said excessive midrange acoustic output effi 

10 

6 
the loudspeaker being attenuated, all without alter 
ing the electromagnetic circuit properties of the 
loudspeaker which are responsible for its tendency 
toward excessive midrange output efficiency, 
thereby equalizing the loudspeaker's acoustic out 
put performance to a substantially uniform level 
over its entire operating range. 

2. The low-frequency loudspeaker of claim 1 wherein 
said attenuator disk covers approximately 40 percent 
of the area of said diaphragm. 

3. The low-frequency loudspeaker of claim 1 wherein 
said attenuator disk is of neoprene foam having a 
closed cell structure, a density of about ten to twelve 
pounds per cubic foot, and a thickness of about one 

ciency is dissipated within said chamber, only the 15 eighth inch. 
excessive midrange acoustic output efficiency of 
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