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2 
total cross sectional area C, which area is deter 
mined by the amount of attenuation desired. 
Due to the positioning of the grille 4 in the 

mouth of the speaker, the sound waves which 
leave the speaker 2, instead of radiating directly 
into the Open air, will impinge against the rear 
surface A of the grille, and thus the equalizer 4 
will tend to reflect a part of the waves toward the 
speaker, whereas another part of the Wave will 
advance through the opening 6 and a portion of 
the advancing wave will be reflected back into the 
opening upon impinging the air at the Surface B. 
By giving to the equalizer opening 6 an acous 

tical length l, the fraction of the Wave reflected 
from the opening on side B incident on Side A 
will be made to assist or oppose the next suc 
cessive wave and thereby tend to change the 
amount finally radiated. This may best be 
understood by reference to Fig. 3 wherein there 
is diagrammatically shown a grille Similar to 
grille f l but having a single opening f6. When 
the diaphragm of the speaker í 2 is energized, it 
Will. Send forth a wave 8 which Will inpinge 
against the rear face A of the grille 4. A por 
tion 8a of the wave will be reflected back to 
wards the speaker and a portion 8b thereof will 
enter the opening 6. Upon the portion 8b ar 
riving at the outer face B of the cabinet, a por 
tion 8c, thereof will be refected back into the 
opening and a portion 8d radiated into the at 
mosphere. The portion 8d finally radiated into 
the atmosphere may be made to be any fraction 
of the incident wave 8, depending upon the fre 
quency of the incident wave, the acoustical length 
l of the opening, and the cross Sectional area, 
thereof; this effect being produced by causing 
the reflected portions 8a, and 8c thereof to ef 
fectively aid or oppose the entrance of a cor 
responding portion 8b of the following Wave into 
the opening 6 and its subsequent radiation as a 
corresponding wave portion 8d. 
The motion of the air caused by the Wave 8b 

as it enters the opening 6 at the inner face A of 
the grille is the same as at the surface B at the 
outer face of the grille, except delayed in time by 
the amount it takes Wave 8b to go from surface 
A to surface B. In terms of phase angle, this 
may be kl, where k is equal to the phase shift per 
unit length, or, eXpressed in radians, ke is equal to 

27 
? 

Where \ is equal to the wave length of the sound. 
It will likewise be seen that for low frequencies 
(long wave lengths) ic will be very small, and 
hence kil and 2ict will be very small. Inasmuch as 
the reflected wave 8a and the reflected Wave 8c 
combine at the inner surface A, the Wave 8c 
tends to neutralize wave 8a (as the phase angle 
of the wave 8a has been shifted 180° by reflec 
tion, whereas the phase angle of fac remains un 
changed except for the small amount 2kl which 
may be neglected) and no energy will be reflected 
towards the Speaker and all the energy will be 
transmitted from the opening. 

However, at high frequencies (short Wave 
lengths) upon reflection when the wave 8a is 
shifted 180° in phase, the wave 8b must travel 
the distance l before arriving at the surface B 
and the reflected wave 8c must travel the dis 
tancel before arriving at the surface A. Thus 
the phase difference between 18 and f 8c at sur 
face A Will, therefore, be equivalent to the phase 

2,214,893 
difference between two points in the Wave 8 a. 
distance 2l apart. And if 

the Wave 8c at the surface A will be 180° behind 
in phase and, therefore, will be in phase with the 
reflected wave 8a and tend to aid it. 
For still higher frequencies, the wave 8c Will 

get 360° behind in phase and again neutralize 
the Wave 8a, as in the first case. Thus by prop 
erly proportioning the length l, the Wave re 
fiected from surface B of the opening 6 can be 
made to assist or oppose the Wave reflected from 
surface A and thus neutralize or attenuate the 
transmitted wave. Thus when the Wave 8c 
neutralizes the reflected wave f8a, no change re 
suits in the transmitted Wave, whereaS When it is 
made to aid the reflected wave the transmitted 
Wave is attenuated. - 
Inasmuch as the audio frequency signals are 

the ones to be compensated in the particular set 
shown, it is desirable to have maximum attenua 
tion at the frequency of maximum response for 
the set in question or, as shown, at two thousand 25 
cycles. Since the maximum attenuation 8a and 
8C must, aid and since 8d., Suffers 180° phase 
change upon reflection and since Wave 8b travels 
a distance l before producing wave 8c, which 
wave subsequently travels a distance l before 
combining with wave 8d, the phase shift due to 
this distance 2l must just compensate for the 180° 
phase shift of wave 8a. It must, therefore, in 
itself produce a phase shift of 180°-that is, 2kl 
must equal irradians or 180 or 

O 

5 

30 

?? 

'40 

and 

As is well known, 
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where c is the velocity of Sound in air. To at 
tenuate at tWO thousand cycles in the Set ill 
lustrated, 50 

or 17.2 cm. and, therefore, l=4.3 cm. or 1.69 
inches. 

Having determined the acoustical length l to 
be 1.69 inches to obtain maximum attenuation 
at two thousand cycles, then the amount of at 
tenuation Will be determined by the area of the 
opening 6, inasmuch as the area will control the 
Wolume finally emitted from the speaker. If it 
has been found that the Sound or loudness at 
two thousand cycles is twice as much as desired, 
then the area should be such as to reduce this 
loudness fifty percent. 
In determining the area, C of the opening 6 

to obtain the desired amount of attentuation, 
three factors must be considered. These fac 
tOrS are: the area of the grille or equalizer at 
the inner Surface A; the area of the outer Sur 
face B of the equalizer; and the amount of at 
tentation desired : which may be designated as 
P-that is, the ratio of power transmitted to 
Space to that incident upon the surface A. The 
Surface A, as indicated, is the total area of the 
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As many changes could be made in the above 

construction and many apparently Widely dif 
ferent embodiments of this invention could be 
made without departing from the scope thereof, 
it is intended that all matter contained in the 
above description or shown in the accompany 
ing drawings shall be interpreted as illustrative 
and not in a limiting sense. 

It is also to be understood that the language 
used in the following claims is intended to cover 
all of the generic and Specific features of the 
invention herein described and all statements of 
the Scope of the invention which, as a matter of 
language, night be said to fall therebetween. 

I cialim as ray invention: 
... In an acoustic device a grille having an 

Opening therethrough, Said opening having a 
ci'OSS Sectional airea C and a depth of opening 1, 
said cross sectional area being determined by 
the formula: 

CB 
A C 

Where 

A=the inside area of the grille 
B=the outside area of the grille 
P=the ratio of transmitted and incident, sound 

power 

l=the actual length of opening C and is deter 
mined by substituting in the formula, 
2icl=Tt the lowest frequency at which max 
imum attenuation is desired. 

2. An acoustical equalizer for the attenuation 
of Sound Waves of varying frequency, COmprising 
a grille having a thickneSS equal to the velocity 
of said waves divided by approximately four 
times the frequency of the waves to be maxi 
numly attenuated, and an opening in Said grille 
allowing only a portion of the Waves to pass 
therethrough, 

3. An acoustical equalizer for the attenuation. 
of sound waves, comprising a grille having a 
thickness equal to the Velocity of Said Waves 
divided by approximately four times the fre 
quency of the waves to be maximumly attenu 
ated and having one or more openings, the total 
CrOSS sectional area of which is equal to C in the .. 
equation: 

1. 1\}. 
? ? 2 ( ?) 2 

Where C is the total area of the openings in per 
cent of the total area of the grille and P is the 
percentage attenuation desired. 

DONALD A. WILBUR. 
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