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1. 
This invention relates to acoustic filters, and 

more particularly to an acoustic filter for use with 
various sound sources, especially sound reproduc 
ing instruments, for the purpose of limiting the 
high frequency response thereof. 

It is well known that, in most radio receivers 
and phonographs of conventional design, con 
siderable distortion and noise are introduced 
when the high frequency limit of reproduction 
extends beyond about 5000 cycles. To provide 
sound reproducing instruments which reproduce 
the entire audio range Without noise or distortion 
is a very costly matter. Hence, in low cost instru 
ments, it is desirable to reduce the response over 
5000 cycles as much as possible. Furthermore, it 
is desirable to make the cut-off at the high fre 
quency end as sharp as possible because a grad 
ual cut-off which attenuates below 4000 cycles 
impairs the reproduction. If the cut-off is 
gradual above 4000 cycles, Some noise and distor 
tion Will result. In other Words, the best Con 
promise between reproduction on the one hand 
and distortion and noise on the other is obtained 
With a sharp cut-off. 
Aside from the foregoing, the view has fre 

quently been expressed among those responsible 
for design of radio receivers and phonographs 
that, regardless of the excellence of Such instru 
ments, the public does not, in general, favor high 
frequencies in music, and there is some evidence 
to support this view. If such be the case, then 
it might well be desirable to limit the high fre 
quency response of original Sound sources such 
as orchestras, individual musical instruments, 
etc., as Well as the response of Sound reproducing 
instruments. 
The primary object of my present invention is 

to provide an improved acoustic filter which will 
effectively eliminate or attenuate the high fre 
quency response of any Source of Sound. 
More particularly, it is an object of my present 

invention to provide an improved acoustic filter 
for attenuating high frequency Sounds which is 
especially suitable for use With Sound reproduc 
ing instruments, such as radio receivers and 
phonographs. 
A further object of my present invention is 

to provide an improved acoustic filter of the type 
set forth which can be made to provide Sharp 
cut-off. 
Another object of my present invention is to 

provide an improved acoustic filter as aforesaid 
which can be arranged in One or more stages to 
provide various degrees of attenuation. 

Still another object of my present invention 
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is to provide an improved acoustic filter as above 
Set forth. Which can be readily applied to existing 
Sound reproducing instruments. 

It is also an object of my present invention 
to provide an improved acoustic filter for the 
purpose set forth which is extremely simple in 
Construction, highly efficient in use and inex 
pensive in cost. 

In accordance With my present invention, the 
filter may consist of one or more stages or sec 
tions, each comprising a pair of parallel, perfo 
rated sheetS or plates separated from each other 
a Suitable distance and joined at their peripheries 
in any appropriate manner to enclose an air space 
herebetween. Two Such plates constitute a single 
Section filter. A two section filter consists of 
three Such plates, one being common to each 
Section; a three section filter consists of four 
Such piates, etc. These filters may be placed in 
front of any sound source, such as the loudspeaker 
of a radio receiver, for example, or in proximity 
to one or more musical instruments or the like 
to reduce the high frequency response in each 
case. They may also be used in automobiles, 
buildings or other enclosures to attenuate ex 
ternal, high frequency sounds, thereby insulating 
the Same against such noise. Filters of this sort 
provide a very sharp cut-off, the attenuation 
being as much as 20 db per section within a single 
Octave. 
The invention, both as to its organization and 

method of operation, as well as additional ob 
jects and advantages thereof, will be better 
understood from the following description of 
Several embodiments thereof when read in con 
nection with the accompanying drawing in which 

Figure 1 is a front elevation of one form of 
single stage or single Section acoustic filter ac 
cording to my present invention, 

Figure 2 is a sectional view thereof taken along 
the plane of the line II-II of Figure 1. 

Figure 3 is a view similar to Figure 2 of a two 
stage, or two section, filter, 

Figure 4 is a similar view of a two section filter 
of Somewhat different form, 

Figure 5 is a fragmentary, sectional view of a 
Sound reproducing instrument provided with a 
three Section filter in accordance with ny present 
invention, 

Figure 6 is an electrical wiring diagram corre 
Sponding to the acoustical network of the System 
shown in Figure 5, 

Figure 7 is a graph showing a family of response 
curves corresponding to a sound reproducing SyS 
tem. Such as illustrated in Figure 5 both without 



2,656,004 
3 

an acoustic filter and with acoustic filters of one 
or more stages according to my present invention. 

Figure 8 is a fragmentary, sectional view show 
ing how an acoustic filter according to my present 
invention may be applied to the Window of a 
house or other building, and 
Figure 9 is a diagrammatic view illustrating 

an auditorium in which an acoustic filter accord 
ing to the present invention may be employed in 
connection with an original Sound Source. 

Referring more particularly to the drawing, 
wherein similar reference characters designate 
corresponding parts throughout, there is ShoWn, 
in Figures 1 and 2 a low pass accoustic filter 

comprised of a pair of perforated sheets or 
plates 3 and 5 which are arranged in parallel re 
iation and are connected at their perimeters by 
a tubular frame or the like to enclose an air 
space 9. Preferably, the member i is sealed to 
the plates 3 and 5 to provide an air seal. The 
openings or apertures i in the plates 3 and 5 are 
all of the same diameter, the openings in the plate 
3 being aligned with a like number of correspond 
ing openings in the plate 5. By suitably dimen 
sioning the openings i and the volume of the 
air space 9, a non-dissipative acoustic filter may 
be provided and be made to cut off at any desired 
high frequency. An attenuation of as much as 
20db within a single octave higher than the 
cut-off frequency is possible with a single stage 
or single section filter Such as above described. 

I Figure 3, there is shown a two section file. 
Here, the tubular member 7 is provided with a 
groove 3 in which a third plate 5, also per 
forated, is received. The plate 5 is disposed 
midway between and parallel to each of the plates 
3 and 5 to provide two air Spaces 9a and 9t) of 
equal volume, the plate 5 being preferably also 
sealed to the member 1. The plate it has the 
same number of openings as do each of the plates 
3 and 5, the openings in the plate 5 being 
aligned with the corresponding openings in 

plates 3 and 5 but being of smaller diametel 
for a reason which will be apparent from the de 
scription hereinbelow with reference to Figure 5. 
The plates 3, 5 and 15 may be made of any Suit 
able material, Such as metal, wood, plastic, card 
board, glass, fabric, paper, Of the like. One Sec 
tion of the filter consists of the plate 3, the plate 
5, the intervening cavity or air Space 9a and 

rounding portion of the tubular me 
7, and the othersection of the filter consists of 
the plate 15, the plate 5, the intervening cavity 9b 
and the remaining portion of the member T which 
surrounds the latter. It Will thus be seen that 
the intermediate plate 15 is common to both Sec 
tions of the filter. 
An acoustic filter which is made of two opposed, 

dish-like plates or the like 3a and 3b molded out 
of any suitable plastic material is illustrated in 
Figure 4. These may be heat-sealed together at 
their peripheral or marginal portions to provide 
a unitary structure. When only the members 3d 
and 3b are employed, a single stage, low pass 
filter results. If a plate 5a is interposed be 
tween the members 3d and 3b to provide two air 
spaces or cavities 9a and 9b, as shown in Figure 
4, and the three plates heat-sealed together into a 
unitary structure, a two stage filter similar to 
that of Figure 3 results. 

In Figure 5, I have shown a portion of a Sound 
reproducing instrument which may be a radio 
receiver, a phonograph, or the like provided with 
a three section filter according to my present 
invention. This instrument includes a cabinet 
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2 the front Wall of which is provided With ail 
opening or the like 23 behind which is disposed a 
tubular supporting member 25 which is Open at 
each end. A pair of perforated plates 27 and 29 
corresponding, respectively, to the plates 3 and 5 
of Fig. 3 and provided with aligned openings 28 
of the same diameter are secured to the Open 
ends of the tubular support 25. A pair of inter 
mediate, perforated plates 31 and 33 provided 
With Smaller openings 34 are carried by the tubul 
lar member 25 in Suitably formed grooves 35 and 
37. The plates 27, 29, 31 and 33 are all parallel 
to each other, the plates 3 and 33 being equally 
spaced from each other and from the plates 2 
and 29 to provide air spaces 39a, 39 b and 39c of 
equal volume. The openings 34 are aligned with 
each other and with the corresponding openings 
28. The opening 23 in the cabinet may be 
covered in Well known manner by a suitable orna 
mental grill or the like 4. A loudspeaker dia 
phragm 43 having a flexible mounting 45 is 
mounted on the tubular member 25 behind the 
plate 27 and is So arranged that, upon vibration, 
it will generate Sound waves into the tubular 
member 25. The four equally spaced, perforated 
plates 27, 3 ?, 33 and 39 and the intervening air 
spaces or cavities 390, 39b and 39c constitute a 
three stage, low pass filter, the plate 3 being 
Connon to the first two sections of the filter, 
and the plate 33 being common to the Second and 
third Sections of the filter. 
The acoustic network of the filter shown in 

Figure 5 may be represented by the wiring dia 
gran of Figure 6 wherein 

p represents the pressure applied to the dia 
phragm 43 during vibration thereof, 

Mc represents the inertance of the moving sys 
ten exemplified by the diaphragm 43, 

M 
t represents the inertance of the air in each of 

the openings 28, 
M1 represents the inertance of the air in each of 
the openings 34, 

5 MM represents the inertance of the air external 
to (in front of) the filter, 

rAM represents the resistance of the air in f 
of the filter, ront 

CAC represents the capacitance of the flexible 
mounting 45 of the diaphragm 43, 

CAv. represents the capacitance of the volume of 
albetween the diaphragm 43 and the plate 27, al 

CA1 represents the capacitance of the volume of 
air in each of the cavities 39a, 39b and 39c. 

It will be seen from Figure 6 that the filter of 
Figure 5 is constituted by three T-type, low pass 
filter Sections. In the interest of efficiency, the 
end inertances y 

M 
2 

should be of about one-half the value of the in 
termediate inertances M1. It is for this reason 
that the openings 28 are made larger than the 
openings 34. - - - 

The frequency at which the filter will cut off 
is determined by (1) the length of each of the 
openings 28 and 29 (that is, the thickness of 
each of the plates 27, 29, 3 and 33), (2) the 
diameters of the holes 28 and 34, and (3) the 
volume of each of the cavities 39a, 39b and 39c 
(that is, the distance between each adjacent pair 
of plates). The degree or amount of attenua 
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tion will depend upon the number of stages or 
Sections in the filter. In one installation employ 
ing a loudspeaker diaphragm 43 which was 10' 
in diameter and employing a three section filter 
such as illustrated in Figure 5, a sharp cut off 
was obtained at 4500 cycles, as shown by the solid 
line curve A of Figure 7. To achieve this re 
Sult, the four plates 27, 29, 3 and 33 were made 
of brass approximately 12' x 12' and ' thick 
and they were spaced %' apart from each other, 
the openings 28 were 0.150' in diameter, the 
openings 34 were 0.090' in diameter, and all the 
openings 28 and 34 were spaced on A' centers. 
An attenuation of 60 db was obtained with this 
filter at an octave above the cut off frequency. 
For a two stage filter of the same dimensions, an 
attenuation of 40 db would be obtained, as shown 
by the curve B. A single stage filter of the same 
dimensions Would provide an attenuation of Only 
20 db, as shown by the curve C of Figure . 
Without any filter at all, the response of the 
system in the high frequency region extended 
Well beyond 4500 cycles, as shown by the curve D. 
Any desired cut off frequency may be obtained 

with a filter such as described above. The cut 
off frequency of an acoustic filter such as de 
scribed above is given by the equation 

1. 
f -VMCA 

Where 

M is the inertance of the air in the holes in the 
plates which form the series elements of the 
acoustic filter, and 

CA is the acoustic capacitance of the Volume of 
air in the cavity between any two plates, these 
cavities forming the shunt elements of the 
acoustic filter. 

(1) 

The acoustic capacitance of a Volume of en 
closed air is given by the equation 

C = pc (2) 
Where 

W is the volume of the enclosure, 
p is the density of the air, and 
c is the velocity of Sound. 
The inertance of a round hole in a plate is 

given by the equation 

(3) 

Where 

p is the density of the air, 
R is the radius of the hole, and 
l is the length of the hole (that is, the thickness 
of the plate). 

By suitable choice of constants or dimensions, 
which can be determined from Equations i to 3, 
a non-dissipative acoustic filter required to pro 
vide cut-off at any desired frequency can be 
obtained. Obviously, the greater the number of 
stages or sections in the filter, the sharper Will 
be the cut-Off. 

In Figure 8, there is shown a fragmentary 
view of a building having a wall 5 provided with 
a window 53 in which a single stage filter 55, such 
as shown in Figs. 1 and 2, is inserted. Such a 
filter, if made of transparent material, such as 
“Lucite' or the like, will let in light and air but 
will keep out high frequency street noises which 
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are often very annoying. A suitably constructed 
filter may be used similarly in an automobile to 
keep out obnoxious, high frequency noises. 
In Figure 9, there is illustrated, diagrammati 

cally, an auditorium 6 having a plurality of 
rows of seats 63 for an audience, and a stage 65 
where an orchestra, or the like 66 may be located. 
It has been ascertained that many people find 
Such high frequency SOunds as are produced by 
Violin boW Scratch, and by flute, piccolo and 
similar Wind noise quite annoying. To render 
the original music furnished by an orchestra, or 
by One or more individual instruments more 
pleasing to Such listeners, a filter 67 of one or 
more stages, such as described above, may be 
placed betWeen the audience and the Stage 65 
behind a sound transparent, opaque screen 69. 
The acoustic filter 67 can be mounted on a suit 
able hoist 73, if desired, and raised behind a 
panel or the like When its use is not desired. 
From the foregoing description, it will be ap 

parent to those skilled in the art that I have 
provided an improved acoustic filter of simple 
construction which will effectively provide high 
frequency cut-off at any desired frequency and 
to any desired degree. Filters of the type de 
scribed above can be manufactured easily and 
at low cost, and their use, particularly in low 
priced Sound reproducing instruments, can be 
found very advantageous. 
Although I have shown and described several 

forms of acoustic filter according to my present 
invention, it will undoubtedly be apparent to 
those skilled in the art that many other forms 
thereof, as well as variations in those described, 
are possible within the spirit of my invention. 
For example, if desired, the openings in the sev 
eral plates of the filter need not be arranged in 
aligned relation. Also, the several plates need 
not be arranged in parallel relation, nor need 
the cavities therebet Ween be of equal volume, 
although this Will be at a Sacrifice in the sharp 
neSS of cut-off. Other changes Will, no doubt, 
readily Suggest themselves to those skilled in the 
art. I therefore desire that the foregoing dens 
Scription shall be taken as illustrative and not 
as limiting. 

I claim as my invention: 
1. A multi-section acoustic filter for attenuat 

ing high frequency Sounds which comprises at 
least three similar parallel, perforated plates 
spaced from each other to provide air Spaces be 
tween adjacent plates, said plates all having a 
like number of aligned openings therein, the 
openings in the end ones of Said plates being 
of one dimension and the openings in the in 
termediate Ones of Said plates being of another 
dimension, said openings of each plate being di 
mensioned to constitute a non-dissipative acous 
tic impedance, and means connecting said plates 
to each other around their perimeters to enclose 
Said air SpaceS. 

2. A multi-section acoustic filter for attenuat 
ing high frequency sounds which comprises at 
least three similar parallel, perforated plates 
spaced from each other to provide air spaces be 
tween adjacent plates, said plates all having a 
like number of aligned openings therein, the 
openings in the end ones of Said plates being of 
one dimension and the openings in the inter 
mediate ones of Said pates being of a Smaller 
dimension than those of the remaining ones of 
said plates, said openings of each plate being di 
mensioned to constitute a non-dissipative acous 
tic impedance, and means connecting Said plates 
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to each other around their perimeters to enclose 
said air spaces. 

3. A multi-section acoustic filter for attenuat 
ing high frequency Sounds which comprises at 
least three similar parallel, perforated plates 
spaced from each other to provide air spaces be 
tween adjacent plates, said plates all having a 
like number of aligned openings therein, the 
openings in the end ones of said plates being of 
one dimension and the openings in the internedi 
ate ones of said plates being of Such dimension 
compared to the remaining ones of said plates 
that the inertance of the air in each of the open 
ings in said remaining plates is of the order of 
one-half the inertance of the air in each of Said 
common plate openings, said openings of each 
plate being dimensioned to constitute a non-dis 
sipative acoustic impedance, and means connect 
ing said plates to each other around their perim 
eters to enclose said air spaces. 

HARRY F. OLSON. 
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