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Our present invention relates to sound re 
producers, and has particular reference to so 
called “loud speakers' employed in connec 
tion with radio receiving sets. 
Although we have illustrated, and shall 

hereinafter describe our invention as applied 
to such loud speakers, nevertheless it will be 
obvious hereinafter that as to certain phases 
of the invention, such an application is not 
essential. 

It is an object of the invention to provide a 
reproducing device having features which 
render it peculiarly efficient in reproducing 
all ranges of sound. 
One object of the invention is to achieve 

this result by the employment of more than 
one diaphragm, the diaphragms being so ar 
ranged and constructed as to have differing 
natural periods. It is well known that a dia 
phragm having a low natural period will re 
produce sounds of low frequency with greater 
efficiency than other sounds; and similarly, 
diaphragms having a high natural period will 
more efficiently reproduce sounds of high 
frequency. 
Where we have attempted to employ ar 

rangements rendering the proportional vibra 
tions of the diaphragms adjustable or vari 
able, we have found it difficult to obtain uni 
formly efficient results for the reason that the 
dividing line between sounds most efficiently 
reproduced by one or the other of the dia 
phragms is extremely indefinite. Sounds 
having frequencies which approach the natu 
ral period of one diaphragm will of course be 
most efficiently reproduced by that dia 
phragm, but for a given sound frequency, it is 
almost impossible to determine what propor 
tion of the vibratory energy should be trans 
mitted to one or the other diaphragm. In 
other words, it is extremely difficult, if not 
impossible, to determine the varying points 
of frequency at which certain predetermined 
proportional reproduction by the diaphragms 
will produce the most efficient result. 

Difference in natural periods is probably 
most easily provided by difference in size of 
diaphragm. But whether the differing natu 
ral periods are produced by differing sizes or 
otherwise, the resistance which the differing 
diaphragms offer to vibration will be differ 
ent. Accordingly, where we have attempted 
to vibrate two or more diaphragms, of differ 
ing natural periods, by means of a common 

vibrating member or reed, a certain loss in 
efficiency has been found to take place since 
the diaphragms will not impose equal loads 
upon the reed. 

It is an object of the present iavention to 
provide a device of the character referred to, 
wherein certain features of construction and 
arrangement assure not only uniformity of 
reproduction, but also a reproduction which 
is most efficient from the standpoint of vibra 
tory energy available. 
One feature of the invention lies in pro 

viding a fixed arrangement wherein the dia 
phragms are vibrated in certain predeter 
mined proportions throughout the entire 
range of sound frequencies. 
An important feature of our invention lies in an arrangement whereby the oscillating 

energy is transmitted in such a manner that 
it will distribute itself equally among the vari 
ous diaphragms. Thus, where two dia 
phragms are employed, the arrangement is 
such that the energy transmitted to one of the 
diaphragms will be equal to the energy trans 
mitted to the other. Where the diaphragms 
employed are of differing weights or sizes, 
this effect is particularly desirable, and is 
preferably effected by suitably designing the 
transmitting instrumentalities between the 
Source of energy and the diaphragm. 
In a preferred embodiment of the inven 

tion, we employ two diaphragms of differing 
sizes, the diaphragms being of the disc or cone 
type and being so constructed as to have sub 
stantially different natural periods of vibra 
tion. A preferred construction associates 
these diaphragms with an oscillating arma 
ture of usual construction by means of lever arrangements properly designed and ar 
ranged to equalize the energy employed in 
causing vibration of each diaphragm. In a 
preferred form. one lever is provided having 
a fixed fulcrum, whereby the operating or 
"force' arm remains fixed; and actuating 
reeds are associated with the lever in a manner 
whereby the opposite, or “load' arms are of 
a suitable nature to produce the desired effect. 

In another embodiment, we employ a so 
called “polarized' armature, wherein a sepa 
rate lever is provided for each diaphragm, 
and wherein the two arms of each lever are 
suitably designed and arranged in accordance 
with the same general plan. 
Another object of the invention is to pro 
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vide a device of this character wherein cer 
tain features of construction produce a fin 
ished article having enhanced attributes of 
good appearance. One feature lies in pro 
viding the diaphragms or cones in nested 
positions; and in a preferred embodiment, 
wherein two such cones are employed, they 
are so arranged that one will lie wholly within 
the other, thereby permitting the production 
of a finished article having an appearance 
substantially identical with that of the usual cone speakers. 
A still further feature of the invention lies 

in nesting the diaphragms in a manner where 
by they are eccentrically disposed with re 
spect to each other, this feature of construc 
tion permitting the achievement in a simple 
manner if the other objects of the invention. 

it is an object generally of the invention to 
provide a reproducing device which is of rela 
tively simple construction, thereby minimiz 
ing the cost of manufacture and assembly, 
which is of extremely attractive appearance, 
and which is efficient in fulfilling the objects 
of reproduction hereinbefore referred to. 
For the attainment of the foregoing objects 

and such other objects as may hereinafter 
appear or be pointed out, we kave illustrated 
two forms of our invention in the accompany 
ing drawings in which 

Fig. 1 is a front elevational view of a device 
embodying the features of our invention, a 
portion being broken away to disclose other 
Wise hidden parts; 

Fig. 2 is a cross-sectional plan view taken substantially along a plane passing through 
the horizontal diameter of the circular disc 25 
shown in Fig. 1; and 

Fig. 3 is a diagrammatic representation of 
one possible modification. 

Referring now to the drawings, and par 
ticularly to Figs. 1 and 2, it will be observed 
that we have shown a source of oscillating en 
ergy in the form of the ordinary or well 
known permanent magnet and armature ar 
rangement which comprises a U-shaped mag 
net 10 having pole pieces 11 and 12 between 
which an armature 13 is arranged for oscilla 
tion. More particularly, it will be observed 
that the pole piece 11 is permanently affixed 
to one end of the magnet 10, whereas the other 
pole piece 12 is permanently connected to the 
opposite end of the magnet 10, these pole 
pieces being arranged in nutially spaced and 
superposed positions to permit the armature 
to be oscillated therebetween. Suitable coils 
14 are provided in association with the pole 
pieces, these coils being in electrical connec 
tion through the lead wires 15 with the source 
of electrical energy initially set up by certain 
sound vibrations and sounds which are now 
to be reproduced. 
We have shown the magnet 10 mounted up 

on a supporting plate 16, the latter being in 
turn supported upon a back plate or panel 17 
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constituting the rear wall of the reproducing 
device or loudspeaker. 

It will be understood that any suitable 
Source of oscillating energy other than one 
of the type illustrated by the armature 13 
may be employed, just so long as the source 
used is applicable for the present purposes. 
It will also be obvious that any other suitable 
type of mounting may be utilized to meet de 
sired requirements. 
In Figs. 1 and 2 we have ill strated a pre 

feired form of the invention wherein an oper 
ating lever 18 has been provided, this lever 
being fixedly mounted at one end and having 
its other end operable by the armature l8. 
We have illustratively shown one end of the 
lever 18 mounted upon the supporting plate 
16 by a holding plate 19 and a screw 20, and 
we have shown the opposite end of the lever 
1S in operable association with the armature 
13 by means of a link 21. The lever is prefer 
ably constructed of a resilient strip of metal 
whose fixed end is disposed at right angles 
to the balance of the lever, whereby free os 
ciliation of the latter about the fixed end will 
be most efficiently rendered possible. 

In the employment of a lever 18, it will be 
obvious that the operating or force arm 1s 
constituted of the entire length of the lever. 
The actuating or load arms of the lever will 
be constituted of predetermined and prede 
signed lengths thereof from the fixed end to 
points short of the free end. Thus, we have shown an actuating reed 22 projecting at 
right angles from the lever and associated at 
its end with a disc or diaphragm 23; and We 
have shown a second actuating reed 24 ar. 
ranged substantially parallel to the reed 22 
and having its end associated with a second 
diaphragm or disc 25. In the embodiment shown, the diaphragms are composed of cont 
ical elements whose existence per Se is well 
known in the radio art. 

It will be observed that we have shown 
the diaphragm 23 of relatively smaller con 
struction than the diaphragm 25, the former 
being designed to have a natural period of 
vibration which is relatively high, and the 
latter being designed to have a natural pe 
riod which is relatively low. This difference 
in natural periods is effected, in the embodi 
ment shown, by varying the sizes of the dial 
phragms, but whether the difference in nati 
ural periods is effected by differing sizes of 
diaphragms, or by the employment of dif 
fering materials, or otherwise, the dia 
phragms will in most cases offer different re 
sistances to movement. In a preferred em 
bodiment, the diaphragms are made of the 
same material, and hence the larger dia 
phragm 25 will offer greater resistance to 
movement than will the diaphragm 23. Ac 
cordingly the reed 22 is associated with the 
lever 18 at a point further from the fixed 
point or fulcrum than the point of associa 
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tion of the reed 24. Specifically, we have 
shown the reed 22 associated with the lever 
18 at a point 26, and it will be obvious that 
the load arm of the lever arrangement for 
the diaphragm 23 will be constituted of that 
portion of the lever 18 which lies between 
its fixed end and the point 26. Similarly, we 
have shown the reed 24' associated with the 

O 

5 

20 

25 

30 

lever 18 at a point 27, and the load arm of 
the lever arrangement for the diaphragm 25 
will thus be constituted of that portion of 
the lever 18 lying between the fixed end there 
of and the point 27. 

It will be obvious that the ratio between 
force and load arms of the lever arrangement 
for the disc 25 will be greater than the ratio 
of force and load arms of the other lever 
arrangement. In this way, the energy actuat 
ing the disc 25 (the heavier) will be equalized 
with respect to the energy actuating the disc 
23 (the lighter). The exact location of the 
oints 26 and 27 will have to be determined 
y computation and experiment, and will 
depend upon the relative sizes and resistances 
of the diaphragms. . 

In the embodiment shown, we have so po 
sitioned the diaphragms 23 and 25 that they 
nest within one another, and to achieve this 
result we have found it necessary to provide 
an opening 28 in the diaphragm 23 to per 
mit the passage therethrough of the reed 24. 
We have found that the provision of such 
an opening has no more than a negligible 
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audible sounds. - 
1eproduced lie within a large area whose 

effect upon the efficiency of the diaphragm 23. 
It will thus be seen that the instrument 

provided is one which appears from the out 
side to be of the usual type employing only 
one cone or diaphragm. It will also be ob 
vious that the diaphragms will at all times 
divide the oscillating energy equally between 
them in accordance with predetermined de 
sign. While it is true that the lower notes 
will be most efficiently reproduced by the 
diaphragm 25 and the higher notes will 
be most efficiently reproduced by the dia 
phragm 23, nevertheless the composite re 
sult will be one which is extremely efficient 
and uniform throughout the entire range of 

Most of the sounds to be 

reproduction is not clearly most efficiently ef 
fected by one or the other diaphragm, and 
in accordance with our invention, the repro 
duction is effected by both diaphragms simul 
taneously, thereby permitting a self-compen 
sation to be effected which produces a uni 
formly efficient result. " . . . 
It will also be obvious that more than two 

diaphragms may, if desired, be provided, the 
general arrangement of the parts being sim 
ilar to the arrangement shown, and the ef." 
fect being substantially the same as that de 
scribed. , 

65 
It will also be obvious that as to certain 

phases of our invention the nesting of the 

3 

diaphragms may not be essential. For ex 
ample, in Fig. 3 we have diagrammatically 
illustrated an arrangement wherein two dia 
phragms are employed in a manner which 
produces the same acoustic effect but which 
entails the provision of a separate lever for 
each diaphragm and an arrangement thereof 

; other than nesting. 
In Fig. 3, we have shown a vibrating arma 

ture 29 of the so-called polarized type, where 
in the armature oscillates about a center 
axis 30. We have found that an oscillating 
Source of this type may be advantageously 
employed in a manner whereby each end of 
the armature actuates at least one dia 
phragm. Thus, we have shown a lever 31 
having a fixed or fulcrum point 32 and actu 
ated at its opposite end by a connecting link 
33 leading from one end of the armature. 
We have also provided a lever 34 having a 
fixed or fulcrum point 35, and actuated at 
its Opposite end by a connecting link 36 lead 
ing from the opposite end of the almature. 
Each of the levers. 31 and 34 corresponds 

to the lever 18 of Fig. 2. Thus, associated 
with the lever 31 we have shown a disc 37 
mounted upon an actuating reed 38 connected 
with the lever at a point 39. We have also 
shown a relatively large disc 40 mounted upon 
an actuating reed 41, the latter being asso 
ciated with the lever 34 at a point 42. The 
disc 40 corresponds to the disc 25 of Fig. 2, 
and the disc 37 corresponds to the disc 23 
of Fig. 2. Assuming the levers 31 and 34 
to be of equal length, the points 39 and 42 
a SO Neil that the distance between 
the point 32 and the point 39 is larger than 
the distance between the point 35 and the 
point 42. 
The operation of the device illustrated in 

Fig. 3 will be obvious from the description 
contained herein with respect to Figs. 1 and 2. 

It will thus be seen that we have provided 
a device which is extremely efficient, yet sim 
ple of construction and attractive in ap 
pearance; and that our invention takes into 
account, the factor of different resistances of 
a plurality of diaphragms, compensating for 
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this factor in a manner which produces very . 
desirable and efficient results. 

It will be obvious that many changes in 
the details herein described and illustrated 
for the purpose of explaining the nature of 
our inver?ion may be made by those skilled in the art without departing from the spirit 
and scope of the invention as expressed in 
the appended claims. It is therefore in 

illustrative, and not in a limiting sense. 
Having thus described our invention and 

desire to secure by Letters Patentis 1. A sound reproducer comprising a plu 
rality of vibratable discs, said discs being con 
structed to have differing normal periods of 
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tended that these details, be interpreted as 

illustrated its use, what we claim as new and 
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4. 

vibration, a source of vibratory energy, and 
lineans for transinitting said energy in equal 
proportions to said discs. a 

2. A sound reproducer comprising a plu 
rality of vibratable discs, said discs being 
constructed to have differing normal periods 
of vibration, and said discs therefore offering 
different resistances to vibration, a source of 
vibr:tory energy, and means for transmit 
ting said energy in equal proportions to said 
(lises, said means comprising an arrangement 
of transmitting levers between the energy 
source and the discs, said levers having their 
force and load arms so proportioned that the 
energy required to vibrate respective discs is 
equal. 

3. A sound reproducer comprising a plu 
rality of vibratable dises, said discs being 
constructed to have differing normal periods 
of vibration, a source of vibratory energy, 
and means for transmitting said energy in 
equal proportions to said discs, said means 
comprising a viblatable lever having one end 
operatively associated with the energy source 
for actuation thereby and laving the other 
end relatively fixed, and actuating reeds ex 
tending from said lever to said discs and va 
riably spaced from the fixed egg thereof. 

4. A sound reproducer comprising a plu 
rality of vibratable discs, said discs being con 
structed to have differing normal periods of 
vibration, and said discs therefore offering 
different resistances to vibration, a source of 
vibratory energy, and means for transmitting 
said energy in equal proportions to said discs, 
said means comprising a vibratable lever hav 
ing one end operatively associated with the 
energy source for actuation thereby and hav 
ing the other end relatively fixed, and actu 
ating reeds operatively associated with the 
lever at points spaced from the fixed end by 
distances inversely proportional to the re 
sistances of the respective discs actuated. 

5. In a sound reproducer of the character 
described, a source of vibratory energy in 
cluding a vibrating member, a conical dia 
phragm of the relatively large type adapted 
to villate in free air, said diaphragm en 
closing said vibrating member, a larger dia 
phragm of the same type enclosing the firs 
diaphragm, and a pair of reeds operatively 
interposed between the vibrating member 
and said diaphragms respectively. 

6. In a sound reproducer of the character 
described, a source of vibratory energy in 
cluding a vibrating member, a conical dia 
phragm of the relatively large type adapted 
to vibrate in free air, said diaphragm enclos 
ing said vibrating member, a larger conical 
liaphragm of the same type arranged in 
nested position over the first-named dia 
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phragn) and eccentric with respect thereto, 
and a pair of actuating reeds operatively in 
terposed between the vibrating member and 
said diaphragms respectively, the reed asso 
ciated with the larger diaphragm passing 
through the smaller diaphragm. 

7. In a sound reproducer of the character 
described, a vibrating member, a vibratable 
lever actuated thereby at one end of the lever, 
the other end of the lever being fixed against 
vibration, a pair of nested conical dia phragms of the relatively large type adapted 
to vibrate in free air, said diaphragms en 
closing the vibrating member and lever, and 
a pair of actuating reeds extending from 
spaced points on the lever to the diaphragm3 
respectively. 

8. In a sound reproducer of the character 
described, a vibrating member, a vibratable 
lever actuated thereby at one end of the lever, 
the other end of the lever being fixed against 
vibration, a pair of nested conical dia 
phragms of the relatively large type adapted 
to vibrate in free air, said diaphragms en 
closing the vibrating member and lever, and 
a pair of actuating reeds extending from the 
diaphragms respectively to points on the 
lever variably spaced from the fixed end 
thereof, the reed associated with the outer 
diaphragm being nearer to said fixed end. 

9. In a sound reproducer of the character 
described, a pair of conical diaphragms of 
the relatively large type adapted to vibrate 
in free air, said diaphragms being made of 
substantially the same material and being of 
different sizes so that their natural periods 
are different, a source of vibratory energy, a 
lever having a fixed fulcrum and actuated 
by said source, and a pair of actuating reeds 
extending from spaced points on the lever to 
respective diaphragms. 

10. In a sound reproducer of the character 
described, a pair of conical diaphragms of 
the relatively large type adapted to vibrate 
in free air, said diaphragms being made of 
substantially the same material and being of 
different sizes so that their natural periods 
are different, a source of vibratory energy, a 
lever having a fixed fulcrum and actuated by 
said source, and a pair of actuating reeds ex 
tending from spaced points on the lever to 
respective diaphragms: said diaphragms be 
ing arranged in eccentric nested positions 
whereby the larger encloses the smaller and 
the smaller encloses said lover. 

In witness whereof, I have signed this 
specification this 22d day of December 1926. 

CHAS. L. WACHTER. 
In witness whereof, I have signed this 

specification this 22d day of December 1926. 
HAROLD I. DANZIGER. 

70 

SO 

85 

90 

100 

O 


