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This invention relates to acoustic apparatus. 
More specifically it relates to an improved type of 
acoustic apparatus which is particularly adapted 
to reproduce sound and radiate the sound waves 

is into a theatre or auditorium in such a manner 

O 

15 

as to supply sound to the auditory in the most 
eficient manner and with the highest degree of 
fidelity. 
The primary object of the invention is to pro 

vide an acoustic device of the loudspeaker type, 
which has a wide and uniform frequency charac 
teristic, and a high efficiency of conversion of 
electrical into acoustical energy. 
. A more specific object of the invention is to 
provide an acoustic device of the loudspeaker type 
with a horn or directional baffle conforming with 
certain predetermined over-all dimensions, and 
to match the acoustic impedances of various 
parts of the apparatus so as to secure the desired 

20 
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unifornity of frequency response characteristics. 
Other and more specific objects of the inven 

tion will become apparent upon reading the foll 
lowing specification and appended claims in con 
nection with the accompanying drawings which 
illustrate an approved type of acoustic apparatus 
embodying the invention. 

In the accompanying drawings Fig. 1 is a dia 
-grammatic illustration of a simple type of acous 
tic device. 

Fig. 2 is a circuit, which is the electrical equiv. 
alent of the acoustic device shown in Fig. 1. 

Fig. 3 is a diagrammatic illustration of an 
acoustic device according to the present inven 
tion. 

Fig. 4 is a circuit which is the electrical equiv 
alent of the acoustic device shown in Fig. 3. 

Fig. 5 is a chart showing the response charac 
teristics of apparatus embodying the invention. 

Fig. 6 is a cross sectional view showing certain 
details of acoustic apparatus embodying the in 
vention. 

Fig. 7 is an isometric view of the apparatus 
illustrated in part in Fig. 6, and diagrammatically 
in Figs, 3 and 5, and V 

Fig. 8 is a perspective view of a modified form 
of the invention. 
An essential distinguishing characteristic be 

tween different kinds of loudspeakers lies in the 
method of coupling between the loudspeaker dia 
phragm and the medium into which the sound is 
radiated. I have found that in the prior art 
loudspeakers there is a loss of coupling between 
the diaphragm and the medium (the air) which 
materially affects the reproduction of sound of 
the loudspeakers. The effect of the loss of cou 
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pling differs according to the method of coupling 
which is used in any specific loudspeaker but in 
all cases the loss of coupling is objectionable. In 
general, the loss of coupling between the dia 
phragm and the air occurs at the lower frequen- 5 
cies. It is a purpose of my invention to decrease 
the loss of coupling between the diaphragm and 
the air at all frequencies within the audible 
range, and to provide acoustic apparatus in which 

, the loss of coupling is substantially constant over 0 
at least the greater portion of the audible fre 
quency range. 
Among the common methods employed to in- . 

crease low frequency radiation from diaphragms 
are the use of large diaphragms, groups of dia- 15 
phragms, various shapes of baffles, and various 
shapes of horns. Fig. 1 illustrates diagrammati 
cally one of the latter methods for increasing low 
frequency radiation. 
The loudspeaker shown in Fig. 1 consists of a 20 

diaphragm 1, an electrodynamic driving unit 2 
for vibrating the diaphragm, and a horn or tube 
3. The throat of the horn or tube 3 is positioned 
adjacent the edge of the diaphragm so that all 
the sound waves from the front of the diaphragm 25 
pass through the horn or tube. Its function is to 
reduce the coupling losses at the lower frequen 
cies between the diaphragm and the air that is 
set in motion by the diaphragm. It also has a 
battle effect by means of which it prevents inter- 30 
ference between sound waves from the two sides 
of the diaphragm and the consequent cancella 
tion or distortion of the sound waves, especially 
at the lower frequencies. 35 

It has been shown that a diaphragm vibrating 
with Constant velocity and coupled to a tube of 
infinite length, generates the same acoustic power 
for all frequencies. This is due to the fact that 
the mass of the diaphragm is negligible compared 40 
to the acoustic impedance of the infinite tube. 
Now assuming that the diaphragm 1 of Fig. 1 is 
a dynamic cone of mass in coupled to a tube 3 of 
acoustic impedance R; if the mass m is chosen. 
so that the acoustic reactance of the cone is neg- 45 
ligible compared to the acoustic impedance R for 
the desired frequency range, a system is obtained 
that dissipates the same power in the acoustic 
resistance for any frequency within the range. 
According to the present invention the mass of 50 
the diaphragm is so chosen with respect to the 
acoustic impedance of the horn or directional 
bafe associated with the diaphragm, that the 
acoustic resistance is negligible compared with 
the acoustic impedance of the horn, over at least 
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2 
the greater portion of the audible frequency 
range. 
An infinite tube of exponentially increasing 

Cross section can now be substituted for the in 
finite tube of constant cross Section. It has been 
shown by Webster (Journal of National Academy 
of Sciences 1919, pages 275-282) that the acoustic 
resistance at the small end of this tube will be 
a constant for all frequencies above the cut off 
frequency. The cut off frequency is determined 
by the rate of flare. It may be located below the 
lowest frequency to be reproduced. If the tube 
of exponentially increasing cross Section is now 
Cut at Some point along its length. So as to pro 
vide a finite tube with its open end terminating 
in air, the action will be altered depending upon 
the cross section of the resulting mouth. If this 
CrOSS Section is sufficiently large, a very slight re 
flection will occur in the transition from the 
mouth to the medium (air) and the impedance 
presented to the cone by the tube will be practi 
cally constant above the put off frequency. The 
system, as before, will dissipate the same power 
into the tube for the frequency range chosen. 
Consequently, neglecting slight reflection at the 
mouth, it will dissipate constant power into the 
medium for this range. Systems consisting of a 
finite flaring tube of exponentially increasing 
cross. Section coupled to a cone diaphragm, are 
known as directional baffle types of loudspeak 
ers. Another purpose of the present invention is 
to provide a finite flaring tube or directional baf 
fle having a mouth sufficiently large in cross sec 
tion. So that only a very slight reflection occurs 
at the transition from the mouth of the tube or 
directional baffle to the air. 
In the d'Alembertian wave equation for the 

axial motion in an exponential horn (Webster 
Journal of the National Academy of. Sciences, 
1919, pages 275-282) it is assumed that the phase 
is the same over a plane normal to the axis of the 
horn. This condition is practically satisfied pro 
vided the cross section is not greater than a wave 
length. It has been found experimentally that, 
for any particular frequency within the trans 
mission band, additional length of the horn be 
yond a certain point (the radius of ultimate im 
pedance) does not affect the performance of the 
horn. That is, the working portion of the horn 
decreases with increase of frequency, therefore, in 
a horn in which the axis has a straight line, the 
condition of the same phase over a plane normal 
to the axis is automatically satisfied. To main 
tain the same phase over a plane normal to the 
axis in a folded or curled up horn is exceedingly 
difficult. The condition is practically satisfied 
provided the diameter at any bend is less than 
the wave length of the highest frequency repro 
duced. This places a limitation upon the amount 
of folding or curling that may be accomplished 
without impairing the horn action. If these 
conditions are not satisfied destructive interfer 
ence will result. In addition, certain portions of 
the horn will act as reflectors at the higher fre 
quencies. These conditions ultimately result in 
a non-uniform response characteristic. It is 
therefore, a further purpose of the present in 
vention to provide the apparatus with a horn 
or directional baffle having a straight line axis. 
The low frequency cut off of a finite exponen 

tial horn is determined by the rate of flare and 
the mouth opening. When the cut off has been 
set the mouth opening and rate of flare are fixed. 
The remaining factor, the throat area, therefore 
determines the length of the horn, or, if the length 
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of the horn is fixed by the limits of the over-all 
dimensions of the acoustic apparatus, the throat 
area is determined by the length of the horn. 
For example, if the acoustic apparatus is to be 
used in a talking moving picture installation and 
is to be placed behind the motion picture screen, 
the space in which the loudspeaker can be located 
is limited and therefore the horn must be com 
paratively short. When the horn is comparative 
ly short the throat of the horn becomes com 
paratively large due to the fixed cross section 
of the mouth and the exponential character of 
the flare. The diaphragm must then be associ 
ated with this relatively large throat in Such a 
manner that the acoustic reactance of the dia 
phragm bears the proper relation to the acoustic 
impedance of the horn. 

Fig. 3 illustrates diagrammatically acoustic ap 
paratus embodying the principles of the present 
invention. The apparatus consists essentially of 
a large throat horn 5, a vibratile system 6 includ 
ing a diaphragm and a driving coil, a box. 7 sub 
stantially enclosing the rear of the diaphragm, 
and an air chamber 8 between the cone diaphragm 
and the horn. w 
The horn 5 is of the exponential type. The 

equation expressing the area at any distance X 
along the axis is given by 
() S=So Em2 
where So-throat area, S=area at a distance X 
along the axis, m=flaring constant. From the 
foregoing equation the proper values of different 
factors can be determined when other factors, 
Such as the length of the horn and the mouth 
opening, are fixed. 
The impedance characteristics of the horn can 

be determined as follows: 
With a suitable modification, the d'Alembertian 

wave equation for the axial motion in an ex 
ponential horn is 

(II) s 

The solution of equation may be written in the 
form 

Sp 6gs 

(III) b= vTA cos bx +B sin br)Eut 
where 

F -, b=%W4K2-n 

=, M := wave length 
a=2arf, f= frequency 

The pressure at any point in the horn is given 
by 
(IV) P=pdbajape A cos bx--B sin brew 
The volume velocity at any point in the horn 

is given by 

(v) v=---Stae (A cos br+b sin br)+ 
Ebet (- A sin Bx-- B cos Bx) 

where p=density of air. 
These equations give the expression for the 

pressure and volume velocity for any point in the 
horn. Equations for the pressure and volume 
velocity at the throat in terms of the pressure and 
volume velocity at the mouth, may be obtained 
as follows: A 8. 
The impedance at the throat is given by 
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given by . 

At the mouth the impedance is given by 

From the four equations (Equations (II) to 
(W)) containing A, B, Pi, Pa and Wa, A and B 
may be eliminated to obtain the ratio of P1 to . 
W, i. e., the impedance A1 at the throat of the 
horn. This impedance in terms of is given by 
the expression 

vo agg? a cos (bl+2+jin (b) Y. 
ja, sin (b1)+cos (bl+.) S. 

where 1=length of the horn 

pet - 
S1=throat area 
S2=mouth area 

It has been shown by Crandall (Crandall 
Theory of Vibrating Systems and Sound, p. 110) 
that the resistive component of the impedance at 
the mouth of the horn may be expressed by 

(vii) R-(1-A), s-rR 
The reactive component may be expressed by . 

po 3) w (VIII) x-is (;g) S =rR 
The impedance 2a for the mouth of the horn is 

(OC) a=Ra+ixa t 
The impedance at the small end of the horn 

can be calculated by substituting the values of 
?ea above in equation (VI). 
The vibratile unit of the system consists of a 

paper cone 9 fitted with an aluminum wire voice 
coil 10. The air chamber 8 couples the area of 
the cone 9 to the throat of the horn 5. The back 
of the cone is enclosed by a box having a felt 
back 11. 
The inertance of the cone and voice coil is 

(x). 
where n=the mass of the cone and voice coil. 

A=the area of the cone. 
It has been assumed that all parts of the cone 

move in phase. Obviously, this is not the case at 
the higher frequencies. However, due to the 
heavy load imposed upon the cone and the use of 
a corrugated cone, this condition is practically 
satisfied up to 2500 cycles. The acoustic re 
actance of the cone and voice coil is 

x= (XI) 

The impedance presented behind the cone must 
also be considered. Cranda (Theory of Wibrat 
ing Systems and Sound, p. 110) has derived an 
expression for the impedance presented to a 
piston in an infinite plane. Experiments Con 
ducted upon cones in flat baffles indicate that the 
size of the cone employed in this unit behaves as 
a piston to approximately 3,000 cycles. The fur 
ther stipulation that the side of the box contain 
ing the cone shall be an infinite plane is fulfilled 
for the range in which the impedance referred to 
is of appreciable magnitude. The impedance 
presented to the back of the cone consists of two 

1984,542 3 
parts; the resistive and reactive components. 
The resistive component is given by. 

(XII) Re= g(1-3) R= radius of coil. R 
The reactive component is given by 

PC (2xR ) (XIII) Xs=E,(E, 
The air chamber behind the cone is enclosed by 

a box which has a felt back. The purpose of the 
felt is to absorb any sound striking it and thus 

lo 

prevent standing wave systems which would cause 
abrupt changes with frequency in the impedance 
presented behind the cone. At the higher fre 
quencies the absorption of the felt is practically 
unity and the sound wave flows from the cone into 
the felt. At low frequencies, however, the ab 
Sorption is very small and, as a consequence, a 
capacitive reactance is presented to the cone, 
Assuming the most unfavorable condition, in 
which the absorption is zero, the capacitance of 
the box is then given by 

y 
(XIV) Cs-s 
where W-volume of the box 

clevelocity of sound 
p=density of air. 

The acoustic capacitive reactance presented to 
the cone in series with the horn load is 

pc 
(XV) Xbo= -- - 
This equation holds until the dimensions of the 
box are comparable to a quarter wave length. 
Above this frequency the absorption due to the 
felt is practically unity and also the impedance 
due to the box may be neglected. 
The purpose of the air chamber is to act as a 

transformer between the area of the cone and the 
smaller area of the throat of the horn. In ac 
complishing this, a capacitance results which is 
indicated by C1 Figure 3. The capacitance of 
the air chamber is given by 

(XVI) c-, 
Settle capacitive reactance of the air 

(XVII). xia-- 
The equivalent electric circuit of the acoustic 

system illustrated by Fig. 1, is shown in Fig. 2. 
It consists of a series circuit including a reactance 

A. 

(the mass of the vibratile system divided by the 
square of the area of the diaphragm) and an 
impedance R (the acoustic impedance of the 
tube). In accordance with the present inven 
tion the value of 

Ai 
is made small compared with the value of R. . 
The equivalent electric circuit of the acoustic 

system illustrated by Fig. 3 is shown in Fig. 4. 
It consists of a more complicated series circuit 
than that shown in Fig. 2. The various elec 
trical reactances and impedances in the circuit 
correspond to the similarly designated acoustic 
reactances and impedances. 

Referring, for convenience, to the electric cira 
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4 
cuit, Fig. 4, the acoustic impedance at the point 
F will be indicated by the expression 
(XVIII) 2= Rr--iXr 7 

5 The mechanical impedance of the acoustic sys 
tem at the point Fis 

where A=the area of the cone. 
l0. In the case of a moving coil loudspeaker the mo 

tional impedance is given by the expression. 

(XX) 2-R +ix -(r)(B1) 
15 where B=flux density 

and I=the length of wire in the voice coil 
The principal object in obtaining the motional 
impedance is to predict the efficiency which, in 
turn, indicates the performance of the loud 

20 speaker. The efficiency is given by the expression 

(XXI) 

where Rm=motional resistance 
Rd =damped resistance of the voice coil. 

The total acoustic current through the system 
at the point F, Figure 4 is given by 

25 

(XXII) Wr 
30 joMc-joMe--Rs 

The acoustic power output of the loudspeaker 
is given by the dissipation in A1. The total im 
pedance of 21 shunted by C is 

(XXIII) 2T = (1-XC)--oCR 
The dissipation in 2IT will be the real part of 

(XXV) Power=aTVr 

The actual values of arrVT can be inserted in 
equation (XXV) and the total acoustic output 
of the loudspeaker determined. For a constant 
value of F applied to the system it is desired to 

45 make the acoustic output as large and as uniform 
with frequency as possible. The values of the in 
dividual component parts have been derived in 
equations (I) to (XXII). The magnitudes of 
these parts should be substituted in equation 

50 (XXIV) and the optimum value for each part 
determined so that equation (XXIV) will be a 
maximum. 
Some of the dimensions of the loudspeaker are 

determined before hand. For example, the maxi 
55 mum length of the loudspeaker is usually a 

definite quantity. With the length determined 
the rate of flare is determined by the lowest fre 
quency that it is feasible to reproduce. This, in 
turn, determines the mouth and throat openings. 

60 Thus it will be seen that some of the parameters 
in expression (XXIV) are fixed by limitations as 
to space and the frequency range to be covered. 
It then becomes a question of adjusting the re 
maining parameters in the manner pointed out 

65 hereinbefore, to yield the best results. The best 
results are obtained when equation (XXIV) is the 
largest possible value obtainable over the fre 
quency range to be reproduced. 

Fig. 5 is a chart showing the frequency char 
70 acteristic of an acoustic device embodying the 

principles of the invention. The chart contains a 
' diagrammatic representation of the apparatus 
and shows certain of the dimensions of an ap 
proved form of the directional baffle. The chart shows that the output in decibels is very constant 

40 
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over the frequency range from approximately 
100 cycles per second to Over 4,000 cycles per 
Second. 

Fig. 6 is a cross sectional view showing certain 
details of the vibratile system and the elements 5 
associating the vibratile system with the direc 
tional baffle. The vibratile system consists of a 
corrugated cone diaphragm 15 and a voice coil 
16. The voice coil is supported on the usual cylin 
drical member secured to, or forming a part of 10 
the diaphragm. The voice coil is located in the 
magnetic field formed between the pole pieces 17 
and 18. Leads such as 19, Supply current to the 
voice coil. The peripheral edge of the diaphragm 
is secured by supporting means such as the l6 
leather ring 20, to a supporting member which, in 
the present instance, consists of an annular ridge 
21 on the member 22. Any other suitable sup 
porting means may be used however. 
The member 22 which is preferably of metal, 20 

provides the connecting link between the 
diaphragm and the throat of the horn or direc 
tional baffle 23. It is known as an adapter or as 
a transformer according to how its function is 
viewed. Heretofore it has been customary to 25 
shape the throat of the horn so that it is circular 
in cross Section and of a diameter conforming 
F 

Rijk-SCC)"C) 
(1-XC)--CR 

Ry-j(RoC) 
1 -- oOR, 

with the diameter of the peripheral edge of the 
diaphragm. The present adapter is shaped so . 
that the throat of the horn or directional baffle 
may be Square in cross section, and slightly 35 
Smaller in its dimensions than the diameter of 
the peripheral edge of the diaphragm. The 
adapter is provided with a portion 24 which ex 
tends within the cone diaphragm and conforms 
with the shape of the diaphragm. The portion 24 40 
is spaced from the diaphragm by approximately 

30 

. One eighth of an inch. This permits the desired 
amplitude of movement of the cone at low fre 
quencies and at the same time provides a small 
air chamber having a desired reactance against 45 
the diaphragm. 
The directional baffle 23 is secured in any de 

sired manner to the adapter 22. . The walls of a 
casing 25 which surround the driving system and 
form a closed air chamber 26 in back of the dia- 50 
phragm, are secured in any desired manner to 
the adapter 22 or to some other suitable support 
ing member. The casing 25 is preferably pro 
vided with a felt lining or a rear wall of felt 27 
for the purpose of absorbing sound waves from 55 
the rear of the diaphragm. 

It has been found that the response and dy 
namic characteristics of a six inch cone are es 
pecially suitable for the directional baffle type 
of loudspeaker. As will be seen from the fore- 60 
going equations and the equivalent electrical cir 
cuit Fig. 4, it is important that the mass of the 
COne be small in Order to maintain a uniform dis 
sipation in A1. This is accomplished by prefer 

..ably employing an aluminum wire voice coil and 65 
an extremely light rigid paper cone. Non-uni 
form frequency response at the higher frequencies 
which is commonly encountered when the light 
paper of high stiffness is employed, is prevented 
by suitable corrugation of the cone. 
The size of the throat of the directional baffle, 

that will present a tolerable acoustic impedance 
to the cone and at the same time not impair the 
high frequency response due to absorption along 
the walls or cause destructive interference in the 75 

70 
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air chamber, is 4' x 4'. The mouth of the baffle, 
if made 43' x 58' will insure good radiation 
characteristics at low frequencies. The axial 
length of a baffle which will place the cut off due 
to flare in the neighborhood of 100 cycles, is fifty 
inches. 
The size of the enclosure 25 controls the capaci 

tive reactance Xb at the back of the diaphragm. 
If the enclosure is made in the form of a box 
12' x 12' x 10' deep, the reduction in current 
in the equivalent circuit Fig. 4 is not appreciable 
above 100 cycles. 
The reactance Xle due to the air chamber 25 is 

controlled so as to eliminate destructive interfer 
ence up to the highest frequency reproduced. It 
has been found that a separation of approximately 
One eighth of an inch between the diaphragm 
and the adapter, allows the diaphragm to vibrate 
with the desired amplitude of movement neces 
Sary for full power output at the low frequencies, 
and provides a reactance within allowable limits. 

Fig. 7 is an isometric view of the apparatus de 
scribed. It illustrates a loudspeaker of the direc 
tional baffle type, in the form in which it is adapt 
ed to be used in talking moving picture installa 
tions. 

Fig. 8 is an isometric view of a modified form 
of apparatus in which a pair of directional baffle 
loudspeakers are connected together on a plane 
baffle 30 for the radiation of sound waves in a 
predetermined manner required by certain thea 
tre constructions. The doublet arrangement in 
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50 

cludes two separate vibratile units and a direc 
tional baffle 31 for each unit. Each unit is pro 
vided with an enclosure in the same manner as 
in the apparatus illustrated in Fig. 7. 
While I have illustrated and described an ap 

proved form of acoustic apparatus embodying my 
invention, it is to be understood that I do not de 
sire to be limited to the exact construction shown, 
as various modifications can be made thereto 
without departing from the spirit of the inven 
tion. It is to be understood that I contemplate 
various changes and modifications and that I de 
sire to be limited only by the scope of the appended 
claims. 
What I claim is: 
1. An acoustic device comprising a corrugated 

conical diaphragm of relatively large diameter, 
an aluminum driving coil for vibrating said dia 
phragm, a box-like enclosure surrounding the rear 
of Said diaphragm, a felt back in said enclosure, 
a horn in front of said diaphragm, said horn hav 
ing a throat opening of dimensions comparable 
with those of the cone and having its acoustic 
impedance of such, order of magnitude that the 
acoustic reactance of the diaphragm is negligible 
Compared therewith, a member at the throat of 
said horn extending into said conical diaphragm, 
and an air chamber between said member and said 
Conical diaphragm. 

2. Acoustic apparatus comprising a conical dia 
phragm approximately six inches in diameter, 

65 
driving means for said diaphragm, an enclosure 
Surrounding the rear of Said diaphragm, at least 
One of the sides of Said enclosure being of sound 
absorbing material, a directional bafle in front of 

5 
Said diaphragm, said directional battle having a 
throat opening approximately four inches square 
and a mouth Opening approximately forty-three 
inches by fifty-eight inches, and an adapter con 
nected between the throat of said directional baf 
fle and said diaphragm. 

3. Acoustic apparatus comprising a vibratile 
diaphragm and a directional baffle associated 
therewith, said directional baffle having a mouth 
Opening and a flare such that the apparatus has 
a cut off in the neighborhood of one hundred 
cycles per Second, said diaphragm having so small 
a mass that its acoustic impedance is negligible 
Compared with the acoustic impedance of said 
directional baffle. 

4. Acoustic apparatus comprising a conical dia 
phragm, a directional baffle associated therewith, 
said directional baffle having a substantially 
square throat opening comparable in size to the 
size of said diaphragm, and an adapter between 
said diaphragm and said directional baffle, Said 
adapter having an opening therein corresponding 
to said throat opening, said adapter having a 
portion extending into said conical diaphragm. 

5. Acoustic apparatus comprising a conical dia 
phragm, a directional baffle associated therewith, 
and driving means connected with said dia 
phragm, said driving means and diaphragm be 
ing so light that the acoustic reactance of Said 
diaphragm is negligible compared with the acous 
tic impedance of said directional baffle. 

6. As an article of manufacture, a member 
adapted to be inserted between the vibratile COni 
cal diaphragm and a directional baffle, comprising 
a body having a portion constituting the sole Sup 
port for the peripheral edge of the diaphragm, a 
portion conforming with the shape Of Said dia 
phragm and adapted to extend within the dia 
phragm, and a square opening of Substantially the 
same size as the throat opening of said directional 
baffle extending through said body whereby SOund 
waves from said diaphragm are conveyed to said 
directional baffle. 

7. Acoustic apparatus comprising a substan 
tially plane baffle member, a pair of Openings in 
Said baffle member immediately adjacent each 
other, a pair of vibratile diaphragms positioned 
adjacent each other, and a pair of directional 
baffles arranged so that their throats are imme 
diately adjacent said diaphragms and So that 
their mouth openingsterminate at the Openings in 
said plane baffle member. 

8. The method of reproducing SOund at Sub 
stantially uniform intensity over the greater por 
tion of the audible frequency range by means of 
a vibratile diaphragm and a directional battle 
associated therewith, which consists in providing 
the directional baffle with a relatively large mouth 
Opening and a flare which Will produce a Cut Off 
in the neighborhood of the frequency of one hun 
dred cycles per second, and in matching the 
acoustic reactance of the diaphragm with the 
acoustic impedance of the directional bafe in 
Such a manner that the same power is dissipated 
in the acoustic resistance of the directional battle 
at all frequencies within the desired range. 
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