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This invention relates to sound-absorbing 

relates to that type of sound-absorbing structure 
usually employed for the interior of rooms or au 
ditoriums to eliminate objectionable reverbera 
tions and reduce the intensity of sounds, or re 
duce the intensity of sounds of certain frequen 
cies occurring concurrently with sounds of other 
frequencies which are not to be reduced or elim 
inated. - 

It is an object of this invention to provide a 
Sound-absorbing structure or treatment which 
can be employed to absorb sounds of definite fre 
quencies and of definite frequency ranges. It is 
a further object of this invention to provide such 
a structure or treatment which can be employed 
to selectively absorb sounds of relatively high 
frequency as well as of relatively low frequency. 
Other objects and advantages of this inven 

tion, if not Specifically pointed out, will be ap 
parent to those skilled in the art from the foll 
lowing detailed descriptions of what are now 
considered to be the preferred embodiments of 
the present invention. 
In the drawing: s 
Fig. 1 is a horizontal sectional view of a wall 

embodying the sound-absorbing structure of the 
present invention; 

Fig. 2 is a horizontal sectional view of a wall 
embodying a modified form of sound-absorbing 
structure; 

Figs. 3 and 4 are horizontal vertical sections of 
walls embodying modified forms of the inven 
tion, and r 

Fig. 5 is a fragmentary elevational view of the 
Wall shown in Fig. 2. S. 

Sound-absorbing structures or treatments 
heretofore known have not been effective over a 
major portion of the audibility range, but have 
been limited in effectiveness to either the low fre 
quency range or the high frequency range of the 
entire audibility range, 
Throughout this description, sound frequen 

cies up to 500 cycles per second are considered 
as being in the low frequency range and sounds 

- above 500 cycles per second are considered as be 
ing in the high frequency range. The total range 
over which sound treatment is desirable is usually 

50 
between 50 and 8000 cycles per second. - 

It will be appreciated that the aforementioned 
treatments do not become ineffective as sound 
absorbers at a definite frequency but gradually 
become ineffective over a considerable frequency 
range. For example, the sound-absorbing treat 
ments which are considered effective over the low 

More particularly, it 

(C. 20-4) 
frequency range diminish in effectiveness be 
tween 400 and 500 cycles, and those which are 
effective over the high frequency range diminish 
in effectiveness between 500 and 400 cycles, so 
that over a range of approximately 100 cycles, 
between 400 and 500, both treatments are effec 
tive but not to the same extent as near the mean 
portion of their effective frequency range. 
The energy in Sounds usually encountered in 

rooms or auditoriums is distributed over a wide 
range of frequencies and it has not been possible 
heretofore to construct a sound-absorbing treat 
ment which would adequately absorb all the com 
ponent frequencies of the sounds to the desired 
extent because of the limited range over which a 
sound treatment could be made effective. 
The present invention overcomes the deficien 

cies in existing sound-absorbing treatments or 
structures by utilizing a diaphragm for the ab 
sorption of sounds in the lower frequencies, and 
providing a light, porous facing for the dia 
phragm, which may be formed of mineral wool, 
animal fibres, vegetable fibres, or similar mate 
rials, to absorb the sounds of higher frequencies. 
The light, porous facing absorbs the sounds in 
the higher frequency brackets and at the same 
time does not impede the transmission of low 
frequency sounds to the diaphragm which, in 
turn, absorbs these low frequency sounds. 
The diaphragm must be sufficiently impervious 

to air to be readily vibrated by impinging sound 
waves and may be formed of relatively thin sheet 
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material, such, for example, as asphalt impreg 
nated rag felt, millboard formed of asbestos or 
other fibres, linen cloth impregnated with a suit 
able filler, or thin metallic sheets. 

35 
The Sound-absorbing qualities of the dia 

phragm may be varied by placing fibrous or other 
porous material behind the diaphragm and suffi 
ciently in contact therewith to produce a damp 
ing effect on the diaphragm, and, in cooperation 
with the diaphragm, to absorb low frequency 
sounds which would not otherwise be absorbed by 
the fibrous or other porous material alone. 

Referring to Fig. 1, a wall 2 providing a base 
member is shown in horizontal cross section. 
The wall 2 may be formed of any conventional 
material, which is relatively impervious to air. It 
will be understood that by “wall', all enclosures 
of a room, including the ceiling, are to be in 
cluded. 

Furring members 4, which may be strips of 
WOOd or metal, are suitably attached to the face 
of the wall 2 at spaced intervals. The face of the 
Wall 2 is usually substantially planar, and the 
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spacing between turring members 4 may be var 
ied as desired to adequately support the dia 
phragm and other elements of the Sound-absorb 
ing structure. 
A diaphragm 6, formed of the aforementioned 

materials, is disposed over and suitably connected 
to the furring members 4. The diaphragm 6 may 
be tacked or adhered to the furring members 4 
by any suitable adhesive, and may be stretched 
tightly over the members 4 or permitted to re 
main relatively unstretched between the mem 
bers 4 if desired. The degree of tautness of the 
diaphragm is immaterial for the purposes of the 
present invention, 

Porous sound-absorbing material 8 is disposed 
over the face of the diaphragm 6. This porous 
material may be a fibrous blanket formed of ma 
terial such as hair felt or mineral wool, loose 
filbres, flaky substances, or other porous material, 
and may be adhered directly to the diaphragm 6 
by any suitable adhesive, fastened to the dia 
phragm by Stitching, or otherwise held in con 
tact with the diaphragm. The porous material 
may also be disposed over the face of the dia 
phragm at a distance therefrom and supported in 
any convenient way, if such is desired. The dif 
ference in the mass of the diaphragm when the 
porous material is spaced therefrom and when 
the porous material is carried thereby, and the 
absence of the damping effect of the porous ma 
terial on the diaphragm when the two are spaced 
apart, can be taken care of in the design of the 
structure, this requiring, however, a more cum 
bersome and expensive construction. 
A decorative facing O which may be formed of 

any perforated or porous material may be placed 
Over the porous material 8 for the purpose of 
providing an attractive finished surface, but this 
finishing material O may be omitted if desired. 
The finishing material fo may be supported in 
place in any suitable way. 
The structure shown in Fig. 2 is the same as 

that shown in Fig. 1 with the exception of the 
vibration-damping and absorbing material 2 
which is placed behind the diaphragm 6 for the 
purpose of modifying the sound-absorbing char 
acteristics of the diaphragm 6 in the manner 
previously explained. 
The frequencies which the diaphragm will ab 

Sorb are determined by the resonant frequencies 
of the diaphragm which, in turn, are controlled 
by the distance which the diaphragm is spaced 
from the face of the wall 2 or other reflecting 
Surface. The resonant frequency of the dia 
phragm may be varied by varying this spacing 
and hence the frequency at which the diaphragm 
is enabled to absorb sounds to the maximum ex 
tent may be varied. 

It has been found that the frequency range over 
which the diaphragm will effectively respond can 
be materially broadened by causing the spacing 
between the diaphragm and the reflecting sur 
face, Such as the face of wall 2, to continuously 
vary between definite limits. The limits may be 
Zero and any desired spacing distance, for exam 

70 

ple, 4 inches, or two different distances, for ex 
ample, 1 and 4 inches. It will be understood that 
these limits are determined by the particular 
frequency ranges over which the material is to be 
effective, and the limits may be much greater or 
much less than those given to accommodate the 
particular installation desired. '...' 
A diaphragm which is disposed obliquely to a 

Sound-reflecting surface, or at an acute angle to 
the surface, effectively, absorbs low frequency 

2,177,393 
Sounds over a very wide range and has a tendency 
to reflect Sounds in the higher frequency brackets. 
In order to absorb higher frequency Sounds, a 
facing of light, porous material may be disposed 
over the obliquely positioned diaphragm, as illus 
trated in either Figs. 4 or 5, in the same mannel 
as that described above relative to the diaphragm 
6. Also, fibrous or other porous material may be 
placed behind the inclined diaphragm to act as a 
damping medium and, in combination with the 
diaphragm, as an absorber of low frequency 
sounds. A structure so formed is capable of ab 
sorbing sounds which include components in the 
low and high frequency ranges over a wide fre 
quency range of each. 

Referring to Fig. 3, the diaphragm 4 is posi 
tioned at an acute angle to the sound-reflecting 
surface of the wall 2 by passing it over some of 
the furring members 4 and under others of the 
furring members 4. 

If it is desired to space the diaphragm 4 at a 
continuously varying distance from the reflecting 
face of the wall 2 without having the diaphragm 
4 come in contact with the wall 2 and so as to 
make the lower limit of the space variation a defl 
nite distance instead of zero, the diaphragm 
may be passed over two or more connected fur 
ring strips 4 at one point and between connected 
furring strips 4 at an adjacent point, as shown 
in Fig. 4. Instead of connecting furring strips 4 
as shown in Fig. 4, thicker furring strips may be 
used at one point than at an adjacent point if 
such is desired. Also, the diaphragm 4 in the 
modification shown in Fig. 3 may be positioned 
relative to the furring strips 4 so as to be und 
formly spaced from the surface of wall 2 at some 
portions and at an angle to the wall Surface at 
other portions. That is, the diaphragm 4 may 
be passed over two or more successive furring 
members 4 and then passed under or between 
the next connected pair of furring members . 
The diaphragm may be positioned parallel to the 
surface of wall 2 over some areas and oblique to 
the wall surface over other areas, and thereby 
produce a wide variation in the characteristics 
of the sound absorbing treatment. 
High frequency sound-absorbing material and 

damping and low frequency sound-absorbing ma 
terial 2 may be placed in front of and hehind 
the diaphragm 4, respectively, in the same man 
ner as described in connection with diaphragm 
6, to selectively absorb high and low frequency 
sounds of definite frequency ranges. 
The foregoing details have been given for the 

purpose of illustration and are not to be consid 
ered as limitative, since applicant's invention may 
be embodied in many different physical forms 
and is to be limited only by the appended claims. 
What I claim is: 
1. A sound-absorbing structure comprising a 

base member, a substantially air-impervious vi 
bratile diaphragm spaced from said base member, 
and a layer of fibrous material disposed over the 
face of said diaphragm remote from said base 
member. 

2. A sound-absorbing structure comprising a 
base member, a substantially air-impervious vil 
bratile sheet of material capable of , absorbing 
low frequency vibrations within the audibility 
range spaced from Said base member, and a layer 
of material capable of absorbing relatively high 
frequency vibrations disposed over the face of 
said first-named material remote from said base 
member. 

3. A sound-absorbing structure comprising a 
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base member, a substantially air-impervious wi 
bratile sheet of material capable of absorbing 
vibrations between 50 and 500 cycles per second 
Spaced from said base member, and a layer of 
material capable of absorbing vibrations between 
400 and 8000 cycles per second disposed over the 
face of Said sheet remote from Said base men ber. 

4. A Sound-absorbing material comprising a 
base member, a substantially air-impervious via 
bratile diaphragm spaced from said base mem 
ber, a layer of fibrous material disposed over the 
face of Said diaphragm remote from the base 
member, and fibrous material disposed between 
the diaphragm and base member. 

5. A Sound-absorbing structure comprising a 
base member, a substantially air-impervious vi 
bratile diaphragm disposed obliquely to said base 
member, and a layer of fibrous material disposed 
Over the face of said diaphragm remote from 
said base member. 

6. A sound-absorbing structure comprising a 
base member, a substantially air-impervious vi 
bratile diaphragm spaced from said base member 
at a continuously varying distance, a layer of 
fibrous material disposed over the face of said 
diaphragm remote from said base member, and 
fibrous material disposed between said diaphragm and base member. 

7. A Sound-absorbing structure comprising a 
base member and a substantially air-impervious 
Vibratile diaphragm Spaced from said base mem 
ber at a continuously varying distance. 
8. A Sound-absorbing structure comprising a 

base member and a substantially air-impervious 
vibratile diaphragm disposed obliquely to said base member. 

9. A sound-absorbing structure comprising a 
base member, a substantially air-impervious vil 
bratile diaphragm disposed obliquely to said base 
member, and a porous sound-absorbing material 
disposed over and secured to the face of said 
diaphragm remote from said base member. 

10. A sound-absorbing structure comprising a 
base member, a substantially air-impervious vi 
bratile diaphragm disposed obliquely to said base 
member, and porous sound-absorbing material 
disposed between said diaphragm and base mem ber. 

ll. A Sound-absorbing structure comprising a 
base member, a substantially air-impervious vi 
bratile diaphragm disposed obliquely to said base 
member, porous sound-absorbing material dis 

3 
posed between said base member and diaphragm, 
and porous Sound-absorbing material disposed 
Over the face of said diaphragm remote from Said base member. 

12. A wall structure comprising a base mem 
ber having a substantially plane face, furring 
members connected at intervals to the plane face 
of Said base member, a substantially air-imper 
vious vibratile diaphragm disposed over the fur 
ring members, and porous sound-absorbing ma 
terial disposed over the face of the diaphragm. 

3. A wall structure comprising a base men 
ber having a substantially plane face, furring 
members connected at intervals to the plane face 
of Said base member, and a Substantially air 
impervious vibratile diaphragm connected to said 
furring members so that intervening parts there 
of are disposed at acute angles to the plane face 
of the base member. 

14. A wall structure comprising a base mem. 
ber, a Substantially air-impervious vibratile dia 
phragm disposed obliquely to said base member, 
porous sound-absorbing material disposed over 
the face of said diaphragm, and a perforated 
covering disposed over the porous material. 

15. A sound-absorbing structure comprising 
a base member, a substantially air-impervious 
vibratile diaphragm spaced from said base mem 
ber at a continuously varying distance, and 
fibrous material disposed between said dia 
phragm and base member. 

16. A Sound-absorbing structure comprising a 
base member, a substantially air-impervious vi 
bratile diaphragm disposed obliquely to said base 
member, and a layer of porous material posi 
tioned over and Spaced from the face of said 
diaphragm remote from said base member. 

17. A sound-impervious structure comprising 
a base member, a substantially air-impervious 
vibratile diaphragm spaced from said base mem 
ber, and a layer of fibrous material disposed over 
and secured to the face of said diaphragm re 
note from said base member. 

18. A sound-absorbing structure comprising a 
base member, a substantially air-impervious vi 
bratile sheet of material capable of absorbing low 
frequency vibrations within the audibility range, 
spaced from said base member, and a layer of 
material capable of absorbing relatively high fre 
quency vibrations disposed over and adhered to 
the face of said first-named material remote from said base member. 

JOHN S. PARKINSON, 
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