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My invention relates to the art of propagating 
sound and in particular to means and a method 
for so converting electrical vibrations into sound 
waves as to control the low frequency response 

a of a loud speaker. 
Devices of one sort, or another have heretofore 

been used for the purpose of giving proper em 
phasis to the sound waves within different fre 
quency bands. Among the various systems that 
have been resorted to are those which employ 
a plurality of diaphragms suitably mounted in a 
single cabinet. In some cases it has been pro 
posed to actuate each of these diaphragms from 
its own driving mechanism. In other cases it 
has been proposed to utilize additional dia 
phragms which are vibrated only by their own 
resonant characteristics. An example of the last 
mentioned type of construction was disclosed by 
W. D. La Rue in his Patent No. 1,787,946 dated 
January 6, 1931. La Rue has a loud speaker com 
prising a cabinet with cone diaphragms mounted 
in openings of the cabinet structure. One of 
these cones is directly driven by an electromag 
netic device; the other cone vibrates freely in 
response to sound vibrations set up by the driven 
cone. This disclosure, however, does not teach 
anything with regard to the problem of increas 
ing the low frequency response of aloud speaker. 
An object of the present invention is to pro 

vide a loud speaker and a method of operating 
the same whereby the low frequency response 
thereof may be increased. 
Another object of my invention is to develop 

a dependable method for lowering the cutoff point 
of the low frequency response in a loud speaker. 
A further object is to increase the faithfulness 

of reproduction of. sound in accordance with the 
original production thereof. 
The foregoing and other objects of my inven 

tion will be best understood by reference to the 
accompanying drawing in which 
Figure 1 represents, more or less convention 

ally, a cross-sectional view of two cone dia 
phragms mounted within a sound chamber. 

Fig. 2 shows a modified arrangement of a plu 
rality of symmetrically disposed diaphragms, one 
of which is provided with an electro-dynamic 
driving mechanism. 

Fig. 3 shows, for illustrative purposes, a con 
ventional electrical filter system having electri 
cal equivalents which may be compared with the 
acoustical properties of my loud speaker system. 

Fig. _4 is a diagram showing the relation be 
tween frequency and the phase differences be 

tween two cones operated according to my in 
vention, and » 

Fig. 5 is anothter diagram showing therelation 
between frequency and velocity of vibration of 
the diaphragms in my loud speaker. 
In the conventional cone type of loud speaker 

it is customary to mount the cone within an open 
ing in the front of the cabinet and to leave the 
back of the cabinet open. When the back of the 
cabinet is closed there is ordinarily a back wave 
which is objectionable in that it militates against 
faithfulness of reproduction, and, furthermore, 
it impedes the normal vibratory action of a single 
diaphragm. Moreover, the closing up of the cab 
inet in the rear renders the cabinet objectionably 
resonant at certain frequencies. The reaction 
upon the cone itself is such as to reduce the 
amplitude of vibration due to the phase differ 
ence of the re?ected vibrations with respect to 
the force exerted by the driving mechanism. 
Notwithstanding the difficulties heretofore en 

countered, when the diaphragm is mounted in 
an opening in a closed chamber I have found that 
the back wave may be substantially eliminated if 
one or more additional diaphragms are mounted 
within other openings in the sound chamber. I 
have found further that two cones operating in 
combination with the acoustical capacitance of a 
closed chamber may be so designed as to lower 
the cut-off frequency of the sound response. It 
will readily be seen, therefore, that in carrying 
out my invention it is posisble to arrive at a 
fundamental basis for constructing a loud speaker 
having the desired characteristics for reproduc 
ing sound, especially so as to give due emphasis 
to the low notes as well as those in the higher 
audible range. 
Referring now to the drawing in detail, I show 

a cabinet having a sound chamber 1 enclosed by 
a suitable box 2 having openings 3 and 4 therein. 
Within the opening 3 is mounted an electro 
dynamically driven cone 5. The driving mecha 
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nism 6 for this diaphragm is conventionally ' 
shown. Mounted within the opening 4 is a‘ sec 
ond diaphragm 7 which has no driving mecha 
nism of its own. 
As a modification of the structure shown in Fig. 

1, I show also in Fig. 2 an arrangement of three 
diaphragms symmetrically disposed. The dia 
phragm 5 is electro-dynamically driven as by the 
driving mechanism 6. The diaphragms 7a are 
mounted within additional openings. This ar 
rangement has certain advantages from the 
standpoint of appearance. Other modifications 
might include the mounting of additional dia 
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phragms (not necessarily cones) 
in the floor of the cabinet. 
The characteristics of my loud speaker and its 

method of operation may best 'be' illustrated by 
reference to an equivalent electrical ?lter net 
work such as is shown in Fig. 3. This diagram 
shows a conventional low pass filter such as would 
be constituted by two diaphragms, each having 
the same inertance (m1=mz) and coupled by an 
acoustic capacitance C. For such a ?lter it may 
easily be shown that the cut-off frequency f is 
given by the equation: - 

in other walls or 

1 

’ wnTc 
where ' '\ 

mass of cone 
(area)g 

-1 
_ds2 

V being the volume of the air ‘chamber, d the 
density of air, and s the velocity of sound in air. 
To give a concrete example of how a loud 

speaker may be designed so as to exhibit the 
desired characteristics, let it be assumed that the 
cut-o? frequency f is to be ?xed at 80 cycles. 
Assume also that we have two cone diaphragms 
each having a mass 

an‘: m3=10 grams, 

and further, that the area of each diaphragm is 
320 sq. cm. Then 

Substituting in the formula for f: 

f=80= 

Then 
V V 

C_“16mF§T=.oo1s (34,100)2 
from which the value of V is found to be 230,000 
cubic centimeters. , 
In Fig. 3 the relation between the inertances m1 

and m2 and the capacitance C with respect to the 
radiation resistance n of the driven cone and the 
radiation resistance 12 of the second cone will be 
clearly understood, using the electrical equiva 
lents thereof by way of illustration. The actu 
ating power for propogating sound in the ?rst 
place is represented at P in the diagram. As is 
well understood in the functioning of a ?lter sys 
tem, a phase displacement takes place as between 
the two sides of the network. In like manner, 
my two cones 5 and '7 will respond with a certain 
phase displacement in respect to one another, de 
pending upon the frequency of the sound vibra 
tions. Above the cut-o? frequency there is sub 
stantially a, phase difference of 130°. This means 
that as cone 5 moves out, cone 7 or cones 7a will 
move out. The velocity of the cone 7 or cones 7a 
will, however, be steadily decreased due to the 
?lter action of the cone inertances in relation to 
the acoustic capacitance C of the sound chamber 
1 for higher frequencies. This behaviour, how 
ever, is not objectionable because'it only helps to 
bring out the characteristics of my invention for 
discriminating in favor of the low frequencies. 
Thus, when cone 5 is vibrated in the low range, 
the phase displacement between the two cones 7 
and 5 is reduced, thereby bringing their response 
more and more into unison. Thus, for the de— 
sired low frequencies the velocity and hence the 
amplitude of vibration of the auxiliary cone 7 01' 

1,988,250 
the cones 7a may be increased. This result can I " 
also be obtained without any objectionable reso 
nance such as would otherwise be caused by an 
enclosed sound chamber 1 if there were no auxil 
iary diaphragm mounted therewithin. The aux 
iliary cone, therefore, operates to eliminate the ‘ 
resonant point for a closed sound chamber. 
The phase relations between the driven cone 

‘ and the auxiliary cone are shown in Fig. 4. The 
relation between the phase angle and the fre 
quency will be understood to depend upon the 
values assigned to the cone inertances and to the 
acoustical capacity of the sound chamber 1, as 
well as the other variables given in the foregoing 
formula. The diagram itself, therefore, is merely 

. illustrative. 

The diagram of Fig. 5 is also illustrative of the 
characteristics of one embodiment of my inven 
tion. The broken line curve 9 represents the re 
sponse of a single cone of conventional type. The 
full line curve 10, however, represents the com~ 
bined response of two diaphragms actuated in 
accordance with my invention. It will be noted 
that a much more uniform and faithful response 
is obtained by the two diaphragms in combina 
tion, although at higher frequencies the auxiliary 
diaphragm adds very little to the performance 
due to the fact that it becomes inactive due to its 
large inertive reactance when the phase angle 
approaches 180°. The objects of my invention 
will, therefore, be seen to be accomplished in that 
the low frequency response is increased and at the 
same time the re?ected wave occasioned when 
mounting a single cone within a closed air cham 
ber has been eliminated. 

It will be understood that the embodiments of 
my invention herein shown and described are 
illustrative of various forms in which loud speak 
ers may be constructed. The spirit and scope of 
the invention, therefore, is to be understood as 
limited only as required in view of the prior art 
and as de?ned by the claims. 

I claim as my invention: 
1. In the propagation of sound from a loud 

speaker having a plurality of diaphragms, the 
method of controlling the low frequencycut-o? 
point which consists in causing one only of said 
diaphragms to be actively associated with a source 
of electro-magnetic energization, projecting air 
vibrations forwardly and rearwardly of said ener 
gized diaphragm, impounding the rearwardly 
projected air vibrations, and causing the im 
pounded air vibrations to react upon a second one 
of said diaphragms so as to set up vibrations there 
of the phase relation of which with respect to the 
first said diaphragm is a function of the audio 
frequency, thus tending to vibrate the two said 
diaphragms substantially in unison over a prede 
termined low frequency band. ' 

2. In the propagation of sound from a loud 
speaker having a plurality vof diaphragms, the 
method of controlling the low frequency cut-o?' 
point which consists in causing one only of said 
diaphragms to be directly actuated from a source 
of electro-dynamic energization, projecting sound 
vibrations forwardly and rearwardly of said di 
rectly actuated diaphragm, impounding the rear 
wardly projected sound vibrations, causing the 
attenuation characteristics of the impounding 
region to discriminate between sound vibrations 
of di?erent frequencies and causing the impound 
ed sound vibrations within a given low frequency 
band to react upon said additional diaphragms 
to vibrate the same substantially in resonance 
with the ?rst said diaphragm, but with diminish 
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' ing amplitude as the limits of. said frequency band 
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are exceeded. 
3. In the propagation of sound from a loud 

speaker having a plurality of diaphragms, the 
method of lowering the low frequency cut-off 
point which consists in translating electrical vi 
brations at audiofrequencies into vibrations of 
one of said diaphragms, causing that diaphragm 
to generate air vibrations on both sides thereof, 
freely projecting the air vibrations in front of 
and impounding the air vibrations to the rear of 
said diaphragm, causing the impounded vibra 
tions to be impressed upon a second of said dia 
phragms and causing the last mentioned dia 
phragm to respond to the impounded vibrations at 
various degrees of phase displacement for dif 
ferent audiofrequencies, 

' 4. In a loud speaker, a sound propagating de 
vice having at least two diaphragms, an electro 
dynamic driver element operativelyv connected 
with one of said diaphragms, and a closed air 
chamber walled in part by said diaphragms, the 
combination being such that within a limited fre 
quency band at least two of said diaphragms are 
vibrated in unison while beyond said frequency 
band the electro-dynamically driven diaphragm 
vibrates practically alone. 

5. In a loud speaker, means for translating elec 
trical energy into sound vibrations, said means 
comprising an electro-dynamically driven dia 
phragm, a second diaphragm, and means includ 
ing an air chamber walled in part by both said 
diaphragms for communicating sound waves 

3 
within a certain audiofrequency range from the 
?rst to the second of said diaphragms, and for 
acoustically uncoupling said diaphragms, one 
from another, when one is vibrated at frequencies 
above said range. _ 

6. In a device for propagating sound, a plu 
rality of diaphragms, electro-dynamic means for 
actuating one of said diaphragms, and means for 
impounding the air behind said diaphragms, said 
means offering de?nite attenuation characteris 
tics in respect to sound vibrations of different fre 
quencies propagated within its con?nes, and the 
inertance of said diaphragms being character 
ized in relation to the attenuation values of said 
impounding means whereby the additional dia 
phragms are caused to vibrate substantially in 
unison with the ?rst of said diaphragms within 
a given low frequency band, but with diminishing 
amplitude in response to frequencies outside said 
band. 

7. In a device for propagating sound, an ori?ced 
sound chamber, a plurality of diaphragms each 
mounted within a different ori?ce of said sound 
chamber, electric controlling means operatively 
connected with one of said diaphragms, and 
means‘ including the effective inertance char 
acteristics of said diaphragms, and the acoustic 
capacitance characteristic of said sound cham 
ber for vibrating all of said diaphragms substan 
tially in unison within a given low frequency - 
range. 

HARRY F. OLSON. 
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