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10 Claims.
1 :

This invention relates to a new_ and improved

sound generator and sound modifier which can
be used as a musical instrument, and for various
other  purposes.

One of the objects of this invention is to pro- -

vide a ‘precmon instrument for this purpose.
Another object of this invention ‘is to.com-

pensate for the fact that it is- impossible com-

mercially to manufacture the -outer shells which

constitute: the casing of this instrument, with:

sufficient precision to produce shells -which are
substantially alike.

Another object of this invention is to divide
the air space between the shells 1nto a- plurality
of air columns,

Another object of this invention is to produce
a device which has a casing which consists of a
plurality of outer shells, and which also has an
internal diaphragm. Said internal diaphragm
may be made of resilient metal or a suitable resil-
ient alloy.

Another object of this invention 1s to provide
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2 .
‘PFig. 8:is.a sectmnal v1ew along the line 8——8 of
F1g T
Fig. 9 is'a v1ew s1m1lar to Flg 1 of a. fourt.h
embodiment of the invention.
Fig. 10 is a. sectlonal view..on the 11ne IO——IO of

PFig. 9.

Fig. 11 is a view snmlar to Fig. 1,0f a ﬁfth em-
bodiment of the invention,

Fig. 12 is a sectlonal view on the line
of Fig: 11,

PFig. 13 is. a vertical sectional view of a sixth
embodiment ‘of the invention. . :

Rig. 14:1s a partial sectional view, which illus- -

12—12

“trates: a seventh embodiment of the-invention.

Fig.'16is a sectmnal view on the line 1515 of

Fig, 16,

20

a device in which said: diaphragm will have.a

plunger vibration or movement and plunger ac-
.tion, in order to secure best results.:

Another object of this invention is to provide
means whereby the internal diaphragm is an-
chored to one of the outer shells, in such man-<
ner as to aveid or minimize any leakage at the
point of anchorage. Another object is to pro-
vide a musical .instrument which can produce
various unique tonal effects by an unskllled
person.

Numerous additional 1mportant objects.of the

invention will be stated in the annexed:desecrip- -

tion and drawings, which will-illustrate several
preferred embodiments of-the invention.

Fig. 1 is a top plan view: of the first embodi-
ment, the representation of a part of the top
outer shell having been omitted. -

- Pig. 2'is a sectional view on the line 2-—2 of
Fig. 1,

Fig. 3 is a sectional view, partially in elevation
of a second embodiment. This section is taken in
a vertical plane, :
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Fig. 4 is a partial top plan view of the bottom -

shell of Fig. 3, taken along line 4—4 of Fig. 3.

Figs. 5 and 6 are views similar to that of Fig.
4, showing variations of the shape of the bottom
shell.

Fig. 7 is a view similar to Fig. 1, of a third em-
bodiment. of the invention.

Fig. TA is a sectional vieW along the hne
TA—1A of Fig. 7.

50
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Fig. 16:is:a part1al top: plan v1ew s1m11ar to Fig.
1, of an eighth embodiment of: the invention.

Pig. 17 is a partial top plan view of a ninth em-
bodiment of the invention.

Fig. 18 is a sectlonal view on the line 18—18.of
Fig. 17

Fig. 191is a top plan view slm11ar to F1g 1,of a
tenth embodiment. of :the invention.

Fig. 20:is'a sectional v1ew on the line 20—-20 of
Fig. 19.

Fig: 21 is a. sectional view, similar to Fig. 20,
of an eleventh embodiment of the invention.

Fig. 22 is'a top plan view similar to Fig. 1, of
a twelfth embodiment of the invention,

Fig.-23'i5 a sectlonal view: on the line 23—23.0f
PFig. 22, ' -

Fig. 24 is'a section on the line 24--24 of Fig. 23.
Fig. 25 is:.a partial’ view which. illustrates a
modification of the internal diaphragm, showing
that ‘said internal diaphragm -can'be provided
with-a scalloped edge.

Figs. 26 ‘and 27 :are respective sectional views
which illustrate additional embodlments of the
invention.

Fig. 28is a sectional view of another embod1-
ment.

Fig. 29 is-a partial top plan view of the dia-
phragm shown in Fig. 28. :

The device shown in the embodiment of Figs. 1
ahd 2 comprises outer shells or casing members
{ ‘and 2. These casing members | and 2 can be
made of resilient non-metallic material, as. dis-
closed in' U, 8. Patent No. 2,274,897, issued on
March 3,°1942.  Said outer shelis { and 2 can be
made  6f ‘any metallic or non-metallic material,:
which ‘can be either resilient or non-resilient.
Only one:of said shells, such as the shell 1, can be
resilient or résonant, so that. the shell 2 can be

-sufficiently rigid.to be non-resonant or substan-
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3 ,
tially non-resonant. Both shells | and 2 can be
rigid and non-resonant.

The line 2—2 of Fig. 1 indicates the location
of the vertical median longitudinal plane of the
device. Each shell | and 2 is provided with re-
spective lateral flanges 6a, 6 and 6B, at each side
of said median vertical longitudinal plane. The
respective flanges 6a, 6 and 6b are identical in
both shells, so that the partial 111ustrat10n of
said flanges in Fig. 1 is sufficient.:

The device has a front inlet portion or lip por-
tion 12, to which the lips of the user are applied..
Tt also has a rear outlet or throat 3, through
which air escapes rearwardly, when air is_forced
into the device, in the direction of the longitudinal

5
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arrow which is shown in Fig. 2. Said-throat 3-is" -

transversely and laterally tapered, sothatifs rear
outlet end is larger than its front inlet end. The.
inner wall of throat 3.is frusto-conical. :

Intermediate the points 4 and 5§, the body of
the--shell: 1 is' laterally- and- also.:longitudinally
arched. The inner wall la of the shell | is sub-
stantially: “parallel -to. the :respective: adjacent
portion of the outer wall ‘of ‘said shell 1. . Each
ofisaid inner and-outer walls of:the shell. I; be-
tween said points 4 and 5, may have the shape
ofa part of a sphere, ‘or. any-other rounded or
arched or concavo-convex shape: -

Each said inner-wall and. outer wall of shell {,
between said points 4 and 5, can have the.shape
of parts-of .several spheres:of respective different
~ radii, in order to secure:or to.approximate:ex-

ponential spacing: between the inner wall:la of
shell . i- and the respective inner wall of:shell 2,
or between the inner wall ia-of shell I and.the
adjacent wall of the diaphragm 1.

“The internal wall of the shell 2'is provided with
a recess-or depression which has parallel:longi~
tudinal . walls 2¢ at the lip portion-12.- Rear-

wardly of said parallel>walls:2g;. said depression

has-walls {71 which: are inclined longitudinally
towards each other. Said recess of the shell:2
has-a rounded rearend I1a:

The internal diaphragm 7. is made of very re-
silient springy material, such .as:Phosphor bronze
or any other suitable metal or alloy or non-metal-
lic material. - ‘The body of said. diaphragm T,
rearwardly: of its transverse rib 8, is:both longi--
tudinally and laterally arched, so that each: wall
of said body has:the shape of a part:of:a sphere,
or. of -3 cone. Said:body T is preferably of-equal
thickness and resilience throughout. If the body
of the diaphragm.7 is.made. cf Phosphor: bronze,
the thickness of said body may be-.003-.007-inch,
preferably .005 inch.

Each flange § has: respectlve edges 14 and -{4a
which are concentric. Each said edge 14 and-{4a
hasthe shape of a part of a.circle, whose center
is located at the point 5.

At the lip portion 12, said flanges, 6-are ex-.
tended so as to form-lateral'ribs 6d :which-ter-
minate at the longitudinal edges of the lateral
rib. 8 of the diaphragm T. The:respective ends
of said ribs 6d are spaced-laterally from the:re-
spective longitudinal walls2a:

As previously - stated; the: internal diaphragm
T has a body which-is both:longitudinally- and
laterally -arched, so that each face of said body
has the shape of a part of a sphere, or-a part. of
a cone. This invention:is- not limited: to - this,:
as- said-faces-may- have any suitable-curvatures
and said faces -may: have the shapes-of:parts-of
cones.. Said:-diaphragm: 1 has:a peripheral flange
{1, which has respective outer:and: inner concen-,
tric-edges. Idq and {10, The.inner edge: 11b of :
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the flange 1 is a continuous circle, whose center
is located at the point {6. The outer edge Ila
has the shape of a part of a circle. The respec-
tive spaced ends of said partial circle of the outer
edge ila, terminate substantially at the rear
edge 8a of the lateral rib 8.  Said rib 8 also has
a front lateral edge 8b. Said rib 8 is integral
with the body 7, and said rib 8§ is also integral
with a.forwardly extending. planar extension 8c.
A rigid stiffening member or rigid bar 19 is suit-
ably fixed to the extension or projection 8¢, The
rib 8 has the shape of a part of a cylinder.  As
shown in Fig. 1, the width or lateral dimension
of the:lateral rib & is greater than the width of -
the longitudinal recess of the shell 2, between
its longitudinal parallel -walls 2a¢. The lateral
end~portions: ofr extension 8c abut the respective
parts_of the internal wall of the shell 2. Said
internal-wall of the shell 2 is of planar shape,
laterally beyond each longitudinal wall 2a.
Strews-9 fix-the:stiffening member 49 to the-in-
ternal: wall:of the: shell: 2, at: points which- are
offset laterally with respect to-said walls 2a.. The
shanks of the screws 9 enter suitable. tapped

-‘recesses.. which. are . provided in:the: respective

partsiof the respective:planar parts of the: in-
ternal:wall -.of:the:shell-2.  The screws 9 there-
fore do not. interfere with the free passage-of

~sajrithrough the recess which is-provided between
Y407

the walls: 2¢ in:the internal wall of the shell:2,
ity the direction of: the arrow whiech is shown:in
Fig. 2. The front and rear edges 8b.and.8c¢ of
the: rib §-abut: the internal wall of the:shell 2,
laterally at'each side-of the longitudinal:walls:2a.

For convenience, the device will be described
with reference:to its: position shown in: Pig. 2, in
which :the-fop-and - bottom: planar faces-of the
flange :I{.:are-horizontal. . The: bottom  planar

face of the flange: I'l abuts theinternal respective
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-annular: horizontal  planar: face of the shell 2,

save at the recess between the walls 2a, so as:to
provide: a .seal>which. is. wholly or. substantially
air-tight, save at:the'recess of shell 2 between:the
walls 2a..

The line.{i¢cin: Fig..2: indicates the- horizontal
plane.of:the:respective ‘internal” horizontal .face
of> shellz2;:and:it is clear that the lateral-edges
8brand 8a are in the same plane as the plane-of
the bottom or. sealing face of the flange.{1.: The

-bottom face ofithe extension: 8c:of the diaphragm

T:iscalso:in the:rhorizontal plane: which is indi-
cated by theline { fe: -

The diaphragm 7 and its flange 1| therefore
normally:separate . the interior:of the:casing:into

-two wholly-separate air chambers between -which

access is:provided, only when:the: diaphragm 1
oscillates: . Hence:the interior of-the:device .nor-
mally: -has' two: wholly separated -air columns.
There:is'a top-air column between:wall {¢ and.dia-
phragm 1, whichi-is:open only at:its rear-through
throat 3. There-is a. bottom air column-between
diaphragm T and the respective part of the.in-
ternal. wall of shell 2. Said.bottom air.column is
normally. open. only. at 1ts front, through. the
recess of shell'2.”

At its rear end, the shells 1.and 2'are shaped
50 as_to provide said outlet-or throat 3, which has
an-internal wall 6¢ of ‘frusio-conical shape. - Said
wall-6c' tapers outwardly and rearwardly, so that
the rear-end-of said wall §c-is of greater diameter
than its front end, Said throat 3 may be of any
desired-length. - The shells 1 and -2 may be-fixed
to each other, only at'the fidnges 8a and‘the ribs
6d, so:that-such shélls' |- and 2 are unconnected
to each other along their respective flanges 6
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-and 6b of the shells | and 2 are biased normally
to contact-with: each other, by the resilience of

the shells-{ .and- 2. If shell -2 is rigid, the re-
silience of shell { biases its two flanges 6 and its

two flanges 6b, normally to contact: with the re- -

spective -flanges-6 and 60 of shell 2. The re-
spective ribs 6d of the shells I and 2 also normally
contact with each other. - However, when the air
columns within the shells vibrate, said shells are

free to.vibrate in unison with said air columns:

rearwardly. of ribs 6d, if both shells. 1 and 2 are
resilient and resonant:-so that the shells can tem-
porarily -separate. very slightly from each other
at their respective flanges 6 and 6b, rearwardly

of the ribs 6d during such vibration. If desired,-

the .ribs .6d of the respective shells can be un-
connected to each other, so that the:shells are
connected to each other only along all or along
any -desired portions of -their respective flanges
6a. - The respective shells | and 2 can also be
fixed to each-other along their respective flanges
6 and 6b. Hence I can control the extent of tem-
porary separation of the shell { and 2, at any
parts of their normally abutting flanges. If the
shell 2 is made rigid and non-resonant, the per-
manent, connection between shells | 'and 2 can be
made in any of the previously described ways.

~The. arched shape of the body of the dia-
phragm 1, due to its partial spherical shape or

ts partial conical shape or other arched shape.

gives said. body considerable stiffness, so-that
said body retains said normal arched shape when
the diaphragm 7 vibrates. The convex face of
the rib 8 is located in a corresponding lateral
concave recess of the internal wall of the shell
1, preferably with slight clearance between said
rib 8 and said recess.’ Said rib 8 may fit tightly
in said recess of shell . :
When the user sings or talks into the device,

at the lip portion 12, or when sound waves are.

otherwise produced, the diaphragm. T resonates
or oscillates: while its arched body permanently
retains: its ~said normal arched  shape. : The
flange | | moves in unison with said permanently
arched body. Said body of diaphragm T may
vibrate or resonate as a unit, by turning relative
to the lateral hinge-line which is provided by
the .rib 8. Said:lateral hinge-line or hinge-

connection is. substantially at the rear lateral

edge 8a of the lateral rib 8. . The rib-8 and. ex-
tension 8¢ remain in fixed position, during:the
vibration or oscillation of the body of ‘diaphragm
Said diaphragm 1 can
vibrate or resonate as a unit or in sections. .
The screws 9 can be applied with suitable
pressure-against the rigid bar 10 and the projec-
tion 8C, in order.to securely anchor the dia=
phragm to the bottom shell 2, forwardly of ‘the
rib 8. This prevents any lateral shifting of the
diaphragm 1, while permitting the arched body
of said diaphragm 7 to vibrate up and down, in
unison. with its.-flange {1, so that the diaphragm
T can operate substantially like a rigid plunger,
thus producing the highest efficiency.. When the
body . of the diaphragm 17 is thus vibrated as a
single unit, the flange 11 is moved in unison with
said body, relative to the internal wall of the
shell 2, so that air can move between the bottom
air chamber and . the top air chamber, due to
the temporary entire or partial raising of the
flange {1 from its normal sealing position.

In addition, the air column in the top  air
chamber is periodically compressed and rarefied,
due to the relative movement between diaphragm
Tand theshell |, Lo ‘ ‘

10
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-z Hence “the: sound : waves which- are produced
in the bottom air column are: transmitted to-the
top ‘air-column, by a: combined-action: ~Such
transmission is-produced by the vibration of dia-
phragm 1, which causes flange 11 to-move.away
from its sealing position and back to:its sealing
position, with the consequent compressions an
rarefactions of the air. o
As shown in Fig; 2, the recess which is pro-
vided in the internal wall of the shell 2, is of
substantially constant and -maximum: depth be-
tween the walls:2a. - The depth of said recess is
then: gradually. decreased -to zero.at the -front
rounded end 17a of said recess.- Hence, the depth
of the recess is-diminished as its width is dimin-
ished: along the converging walls {7.. The air
which is forced into said recess at its front end,
is thus forced upwardly at an angle against the
body of the diaphragm-1, as shown by the lon-
gitudinal arrow in Fig. 2. SRR :
The drawings are:substantially to scale, so that
reference: can be made thereto-for additional

.details, such-as the sizes and relative proportions

of-the parts. - - G g ;
In order to secure plunger:like vibrations of
the - diaphragm’ 1, of maximum efficiency, .said

diaphragm T must-be loaded: by an air column.

- This-air column is-located in: the air chamber
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which is located -above the diaphragm 1. Said
upper air column is closed; save at its rear end
at throat 3.- ‘The curved contour of the internal
wall. Ia shapes ' this - loading air column - for
proper - distribution. of the sound waves. This
design, together with the plunger-like ‘action of
the- diaphragm,- produces - very - high efficiency.
One of the functions of the air column which is
provided above the diaphragm 1, is to provide

.a-.coupling between -the movement of the dig-

bhragm 7 and the movement of the air at the
throat: 3. The diaphragm 17 itself, even when it
vibrates ab its greatest amplitude, does not de-
liver any great amount, of sound energy. - Theére-
fore, the loading of the diaphragm with an up-
per air column' is' an important feature. The
upper air column is of small- size at its front
end, in order to produce an appreciable pressure
load on the diaphragm 1 at its front end, adja-
cent the lateral edge 8a, between said diaphragm
and.the wall e, when the upper column is com-
pressed at its front end by a sound wave;. This
upper loading air column is enlarged at.its rear
end, .adjacent the throat 3, in order to.radiate
the sound efficiently, either into the atmosphere,
or--into -the interior of a  tapered magnifying
horn which can be connected to the throat 3.

In order to secure maximum efficiency;  the
gradual increase in volume of this upper-load-
ing air column, from front to rear. follows-an
exponential formula.  The increase in volume of
the upper air column is gradual and continuous,

An order. to. eliminate any reflection ‘of sound

waves in said:upper. loading air. column.

-If desired, the flange 1 can be provided with
a-series of grooves which are concentric with the
peint 16, thus providing said Aange. i{ with con-
centric ribs which normally have a sealing fit
against the respective part of the respective in-
ternal planar wall of the shell 2. Said internal
planar wall of shell 2 ¢an also be provided with
such ribs, which may abut such ribs of Sange 1.

The points 15 and 16 are located in the verti-
cal median longitudinal plane of the device, which
is defined by the line.2—2. The vibrations may
be transmitted from the lower air column to the

upper._-air..column, wholly . or: almost. - wholly
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fthrough thes vibrations: of’ the:body: of “the dla-
thatithe flange 1 miy remain tat
position;:or:substantially<in
seglinig: position ~insteadsof beihg moved:intey-
mittently-'out of segling position:- ‘
Trethe: second ‘embodithent: illustrated:in Figs.
3:andi4, the: air enters-tlie: bottoms-air chamber
through a longitudinal bore-18% which is-provided
in“the bottom: shell 2. This:bore -18a:replaces

the-recess-of the fifst embodiment of:Figs.1- and<

2:: 'This-bore has-parallel’ longitildinal:walls. 18b
at: tHe lip -portion:12; and the redr ends ofsaid

10

walls -18b merge with -a:recess-1 8¢ whichihas-an -

end~wall - 18, which -Has-the shape of'a part-of'a
cirele; whose center:is located-at>19. The-point
19 is located in-the.vertical-mediah longitudihal
plane of the:device::

‘18

In: the embodiment: of :Fig:: 5,.the:ihternal:wall:

of:shell 2 is.shaped to-provide:recesses:20-and 2,
which communicate with bore 18g.~ :

In:the embodiment:of Fig:'6; saad bore--l8a of
shell:2, communicates with diverging recesses-22
which-are.provided in the internal wall-of ‘shell 2.

In the third embodiment of Figs.™7,TA-and 8,

the:shell: 2, which is:-préferably: rigid’and non--

resonant;. has a:depending moutlhi-portion= 23,
which:has averti¢al® cylindrical-bore: 26:- This
‘bore:26: may ‘be of: frusto-conical-shape; so-that
it:is enlarged:towards: the- diaphragm :7.¢ Stich
tapered: shape is: shown'in Fig:-10.-

In.the: fourth. embodiment of: Figs: 9-and 10,
the rigid and nori-resonant:shell“2 hgs a' vertical
mouth=-piece 26a;: which has: a-‘eylindrical” bore
28;: which has: a. frusto-conical enlargemeént:” A
plurality. of partitions 28d are-docated inisaiden-
largement:thus providing: intermediate-chiannels
28 Said: partitions :2%a: are  spaced:from: each
other, to provide:said channels: 29 Three-par-
titions 28q:are shown in this illiistration; but the
number may be varied;. - The-central partition 2%
is. of:solid. conical: shape:- Each additional par-
tition. 28« ishollow and it has frusto-eohical walls.
Each channel:29:is-0f greatest: width-adjacent the
didphragm: 1. - The:partitions. 28q:are fixed~in
spaced: relation: by: any ‘suitablé: means; ‘such'las
by theribs'3{b:which are shown in'Fig: 12:° These
ribs:can be:integrali with partitions 29%, so-thdt
said:partitions 29¢ can: be madé asian independ-
entsubsunit; which:can be:lotated in-said-frusto-
conical-enlargement.”

The:outermost partition-29¢ ¢an be fiXed to:the
frusto-conical-wall of saidl enlargement'by meas

.of:-suchy ribs;: this: constructiohal féatiire being
shown:in: Fig; 12.: . Such ribs should’ be "of *min-

imum thickaess,in:order:ito: prov1de-m1mmum oly- 55"

struc.;mon ifi- the:-channels 29: Shell'F -hds - out-
let:2

The fifth embodinignt:of Figs. 11 and 12 is‘the
same invgeneral prineiple as the fourth-embodi-
ment of Figs: 9 and-10:: In'the-fifthy embodlment
of: Figs: 11 and:. 12, ‘the didphragm-1T is-dowr-
wardly arched, ‘towards:the: mouthpiece 29b- of
shell>2]: Above:the diaphragm:7, the ‘partitions
3ta-are provided-with connecting rihs 31v:" Fig.

12:-shows six:partitions: 3la; whieh correspond-to "

the; partitions 282 ‘of :Fig. 10, THese -partitions
2la. have: interniediate. chanrels- 3! ‘Shell*t-hag
outlet-30::

Flg 13 shows a single sohd baﬂie ‘B, whb‘sexuppe‘r

the shape-of-a part of a: sphere Saxd'iz'ba;iﬂé is
fixed by'ribs: 83 to-the internal walliof:shells {.
This: shell 1 has' an outlet:30,: and*shell 2 has
mouthpiece:29.:

~'The baffle:B of: Figi‘13 compels.the sound wives
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" offtle giavheagm 1, §

fized: to'-thevinternal” wall: of 'tHe -shelp 1.

8

which-are produced-atithe centre-of tHe bottom
travel laterally ‘outwardly.
dlﬁ‘erence of ‘curvature betweenithe
nt 34 and diapliragin

Theare' is-4
bottomisurface! of ‘the-elam

-T,.axd there is 3 differetice in angle between-the

wall'of the element 32:and the'respective adjacent
tapered wall of stelk f.. -

The ‘fiftH and sixth embodiments: of Pigs: 12
and:13 are desigred to eliminate interference of

“the sound waves ‘at the outlet- throat 30,: There

may be'a slight-phase:difference between- the:re-
spective Sound waves: whicli' aré produced-at’-the
ceritre and ‘at*théiedge of ‘the archied body-of'the
disgplhiragm. 7. This-resiilts: from a- difference be-

-tween-the respective lengths . of’ path’ of’ the' re-

spective sound-waves. If this:difference in-length
of path is:only a few millimeters; there is-a-guffi-
cient’ difference’ inphiase at-the: outlets>throat: 30
toiproduce substantial interference at:high fre-
queneies. This:objectionableinterférenceiis elim-
inated or-minimized by the- désighn-of Figs.- 12-and
13;and-particularly by:thedesign of Fig,12,> This
design -causes all the wives: whiegh -are produced
by the diaphragm T; to.move in paths.of substari-

- tially equal lengih to tHesinlet'of the'outlét tHroat

380 This  eliminates: phase  difference and inter-
fereiice at the:inlet of“said throat 30; and alsoin
said ‘throat 39~between its inner and-outer ends.

For -this purpose; an. everi: better' design' is

: sHown= in “the: sevenf,h'emb'omment of:'Fig. 14,

which is- generally-similar to Fig: 13; save'thHatiin
Fig; 14; T also provide the-throat-3-which lias been
shiowri. in ' previous embodiments and which:is
coirmon’$0- sliells-| and' 2':in: addition- to ‘tHe
throat 30 of shell I - Some- of the:air:travels in
and: annular channel: which is:indicated by ar-
rows 32a, towards and out-of the ‘throat:30; and
some  of the air escapes-:directly through: the
throat 3.

When- the': diaphragm:T- vibrates; in’ the: sixth
embodiment-of Fig: 13, there may-be'interference
of'thé resultant sound-Wwaves due to'a phase dif-
ference'of 180%-at certain' frequerniciesat the inlet
of ‘throat 28, This:is eliminated by pmvuimg ‘the

‘two separate outlet throats3 and 30,

The- sighith embodiment?of Fig, - 15 and~Fig~ 16
hag the sameé-purpose as-the fifth embodiment:of
Fig:-12,"angd said eighthembodiment is more easy
to-manufactiire. - In:the eiglith: embodiment of

-Figii15, the'eoivex sidé of the: ‘diaphragm:1 faces
- tHemouth-piece>29b. of -the-shell 2; - The'divided

afr ‘coliymn - above -the- didphragm: T gives: “high
efficieney<at: a:widel fange; and-in“addition:such
divided air’column -produces better:overtones;
Figi-15 shows a-singlé’ coni¢al insert: 35, which
is pmnded with ‘a series-of ‘bores 36:" Each ‘bore
36" isvof frustosconieal:shape, so: that each said
bore 3§ is wider: ad.]acent the throat:30-than adja-
cent tHe diaphragm-1. This: insert 35-is sultably
~The
diamater- of' each-said” bore 367is-increased: ex-
pounentially: towards- throat: 38, according: to-the
same:‘exponential’ formild! - This' provides’ effi-
cient’ coupling:‘of ! the respective ‘air’ columns‘in

8 the respective bores 36 and of the dlaphragm 7

wmcb may be connected to- ‘the throat 30. The
parig are desigried so as40° ‘prevent any:reflection

‘of sound:from:{he-throat’ 28; back’ towards: ‘the

diaphrzgm:- T, -~ Therinternals wall of throat:38°is -
taperead “accerdihgiito- an-exponential- formula.
Theéthrost: 3¢ is: also tapered: according: to-said
formulai’ Inithé embodiment of Pig: 15;-as" “in“the
other embodiments, the diaphragm-Ts fixed only
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at its rib, and no part of flange 11 is ﬁxed be-
tween said shells | and 2,
In-the ninth embodiment of Figs, 17 and 18,
the lip-portion 12 of the bottom shell-2 is pro-
vided with an upwardly inclined inlet bore which

opens: into 'a recess of shell 2. A pin 37 is fixed

to the arched body of the diaphragm 7. Said pin
37 projects, with very slight clearance, through
the top wall of the shell {." At its upper end, said
pin 37 isfixed to a diaphragm 28, which has hori-
zontal annular corrugations'39. The rim of said
diaphragm 38 is fixed to the rim of the shell t'
by ‘means of a rigid clamping ring 40, which-is!
fixed to the rim of shell i.

like Figs. 13, 15, 18, ete.
As shown in Flg 18, the top cavity of the shell

i is provided with a fixed liner I, which is made.

of felt or some other sound-absorhing material.

Since the cone 38 is larger than the diaphragm
1, said cone 38 radiates the lower frequencies at
high efficiency. * As in the previous embodiments,
the air chamber between the diaphragm 1 and
the adjacent internal wall of the shell 1, is of
exponential design. * Fig. 18 also shows the throat
3, which is common to shells | and 2, and through
which the high frequencies are radla,ted This
type -of instrument has an extremely large fre-
quency range. ‘The high frequencies can be am-
plified by means of ‘a suitable amplifying: ex-
ponential horn which can be connected to the
exponential throat 3.

The tenth embodiment of Figs. 19 ‘and 20 is
substantially the same In principle as the first
embodiment of Figs. 1'and 2. In this tenth em-=
bodiment, the internal walls of the shells | and
2 are shaped to provide a common inlet-bore 43a.

For this purpose; said internal walls have equal .

recesses. - Sald internal walls' of shells' I and
2 ‘are also shaped-to provide a common longi-
tudinal partition 43.  The respective flanges I
of the respective diaphragms 7 -divide the ‘In-
terior of the device into three air chambers,
The central air chamber is located between the

two diaphragms 7.° The top and bottom air

chambers have respective outlet throats 3. The
tenth embodiment- delivers sound of greater vol-

ume than the first embodimént.  In the tenth-

embodiment, the respective dxaphragms 7 are
identical.

Whenever' T provide a single diaphragm, or a
plurality of identical diaphragms, each said dia=
phragm ‘may have g natural frequency which is
in' the normal audible limit, or such natural fre-
quency may. be above or below the audible limit,

In the eleventh embodiment of Pig. 21, the
respective diaphragms T-are identical. This elev~
enth embodiment has an internal partition 42 and
the inlet 41 has an ‘internal frusto-conical ‘wall
whose width- decreases rearwardly. A single
throat 3 is provided.

In the twelfth embodiment of Figs, 22, 23; and
24,1 provide two diaphragms, each of ‘which has
a respective frequency which is within the audlb]e
limit.

The hatural frequency of the bottom diaphragm.

of Fig. 23 is higher than the natural frequency
of the top diaphragm. Hence the higher fre-
quencies are emitted, largely or Wwholly by the
bottom diaphragm, and the lower frequencies-are
emitted largely or wholly by the upper diaphragm:
An acoustic dividing network can'.be used here
to make the division between.the two frequency
ranges more positive.  The partition &2q: of Pig.

As previously stated,
both-shells 1 and 2 can be rigid and non-reso-
nant. - This applies particularly to embodiments‘

10

15

" into a plurality of air chambers,

20

10
23 generally corresponds to the partition 42 of
Fig. 21. The partition 43 of Fig. 20, the partition
42 of Fig. 21 and the - partition of 42¢ of Fig. 23
can be made of flexible or resilient material-also,
of a thickness which permits each said partition
to vibrate.

Fig. 25 shows that the continuous flange | can
be: replaced by separated flange - sections ita:
This ‘scalloping of the flange produces a softer
sound. )

Fig. 26 shows that the diaphragm -7 can be
biased by means of a blade spring 44, whose upper
end is fixed to the shell i, so as to increase' the
force -with which'the diaphragm 7 normally-or -
permanently. divides-the interior of the device
\ Such' biasing
spring also imposés an- additional load on the
diaphragm.

Fig. 27 shows that the upper leg of said blade
spring 44 is fixed only at its free end to'the shell

" Therefore, the biasing pressure of said spring
44 against the diaphragm can be regulated by. de-~

- pressing the knob 45q, thus moving its. shank

25
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through a bore of fixed plug 45b, thus increasing
the load on the diaphragm. If the knob 45q is
released; the pressure of its shank on the spring
44 is decreased to zero. - The biasing compression
spring 45 normally -holds knob 45« in such posi-
tion that its shank exerts no pressure-on spring
44. 'This adjustment of pressure on spring 44
can be made at will while playing the instrument.

In every embodiment ‘described. herein; the
outer shells | and 2 may remain in permanent
air-tight-contact With each other, during the op-
eration of the device, or selected portions of the
edges of the flanges of said shells may intermit--
tently separate from each other very slightly, dur-
ing such operation, to permit air waves: to pass
between the temporarily separated selected por-
tions of' sald edges or flanges. ILikewise, in 'every
embodnnent the inner diaphragm or dlaphragms
may permanently divide the interior of the de-
vice into separate air columns which do not com-
municate with each ofther at any time, or said

3" diaphragm may flex, in order to permit tempo-

rary . and intermittent commumcatlon between
said air columns.

Preferably, selected portions. of the edges of,
the shells do separate temporarily and intermit-
tently, while the sound waves are produced and
the diaphragm or diaphragms do temporarily and
intermittently permit communication with re-
spective air columns, while the sound waves are
produced. .

In the embodiment of Figs. 28 and 29, the design:
follows the principle of Fig. 8. The mouthpiece
50 of shell 2 has three ribs 5{ which are fixed.
to the inner wall of said mouthpiece 50. The
respective angles between said ribs are equal, so
that in a horizontal plane, their bottom ends are
spaced by angles of 120°. . Said ribs are of streams=
line shape, s0 as to ofier minimum resistance: to
air which flows upwardly through. mouthpiece
50, Said ribs 51 have a common center memper
52, to which the flat disc-shaped central part of
the metal diaphragm 7 is fixed. ' Said diaphragm
1 has a vlurality of circular corrugations 56. -

"The baiffle 55 is fixed to the shell | by ribs 5da,
providing a channel 54.

This channel 54 is of. tapered shape so that
its volume increases -exponentiaily towards out-
let throat 53 of shell {.

"“The' corrugations ‘56 of the thin conical dia-
phrasm: 1, break:up its surface into a plurality of
niodal:rings: "Since.the’ dlaphragm 1 is rigidly-
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fixed. at.ifs central part, said .central part.can-
not,vibrate. - The:vibrations ,of -diaphragm 1 in-
creasein .amplitude,; 1n‘pr>oport10n to.-the radial
distance from the:fixed central part of said-dia-

phragm 1. 5

In each of the embodiments described. herem,
the intermediate diaphragm T.can operate merely
like: a piston or plunger without. any.self-reso-
nance of said-diaphragm. - It is.also within the

scope of the invention to have said diaphragm 10:

resonant so-that: it will respond .to..sound waves
of. varlous p\tches within rthe audlble - Himit,- by
v1brat10ns of the. arched body of: said dlaphragm

When 1 specify. -a-diaphragm -in..

claims, I-include the use of.a. plurality of dia- 15

phragms-in ‘such. clalm ;01" cla,xms

The-body of -the dlaphragm preferably has.a
permanent concavo-convex shape. The- convex
face .of the diaphragm-may face elther the mlet
opcmng .or the outlet .opening,

The edge portxon of. the- dlaphragm ds:..a. con-
tmuous annulus -in -some - of - thewembod1ments
and saxd -edge- port on._ is partmlly annula,r and
pa tLa,Ly streught in. other- embodiments

-In évery -embod’ment, -at least- a. major-part op.

of the edge.of the: dlaphragm is of c1rcular or
annular contour.

.Each £mbodiment. her ein- discloses -an :acoustic
instrument which -has a.hollow. body, 1wh1ch has

an inlet opening .and an, outlet .open‘ng. ~Said, 30

hollow . -body has. internal - dtaphragm q-means
whlch .comprise. a. smgle dlaphragm or 2 plu-
rali {ty.of chaphragms .Said. dxaphragm means are
bvased, .either.by .the inherent. resxhence_ of sa,ld
diaphragm means or -otherwise,.to
interior of said hollow. body, into- an inlet. cham-
ber and an outlet chamber,. In the normal blased
position .of said diaphragm means, said 1nlet
chamber - is .wholly or substantlally separated

from the outlet.chamber, so.that the: diaphragm 40

megns must be moved out of normal blased posi-
tion, /in, order to permit the. desxred transnnssmn
of comnressmna,l -waves. between the. 1n1et cham-
ber and the ontlet chamber. The 1nlet and. out-

let openings respectively commumcate thh the. 45

1n1et chamber and the outlet- chamber.

T claim:

1..An acoustic devige comprising.a hollow.body
which has an. inlet opening,.said Jbody- havmg an

internal partition, said body having a .pair. of. 50:

internal diaphragms each said. maphragm bemg
connected to said body. and being movable rela-
tive to. said .body, each .said.. dlaphragm being
biased to a normal position in which an
portion. of each said diaphragm.abuts saj
titlon, .said .partition being lacated intern
sald dlaphragms said. d?&phragms and sald par-

tmn defining . an inlet .chamber ,of. the hollow
snace of said’ body with which sald mlet opening
commumcate
enclosed save for said.inlet .opening . when. sald
dlaphragms are in their respective normal Dosi-
tlons each said dxaphragm be*ng spaced, from the
inner. wall of said hollow body. to. ;provide. a re-

spectlve outlet air. chamber, sa,ld body havmc’— 65.

outlet .means. for sald outlet ajr chambers all”
said chambers ‘heing . separated nom each other
when sa;d _dilaphragms are in their respective
normal positions.

.2..An acoustic device according to.claim 1,in 54

whlch sald diaphragms have respectwe dn‘ferent
natural frequencies.

3.-An acoustic device which comprises a hollow
body-f whmh has an inlet opening.and. an.outlet

_openlng said body comprising -a-pair.of - shells+ 75

parate-the. 35

said inlet. chamber. bemg wholly . 60
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which..are .shaped -{o-provide-said -openings.and
which have respective abutting edge-portions. he-
tween -said openings, a resilient diaphragm.lo-
cated ;in-said hellow.body, 'a fixed part. of -said
diaphragm being: fixed to one of said ‘shells.at
said ‘inlet -opening, said fixed part of said. dia-
phragm being located to leave -said inlet- open-
ing ;substantially ‘unobstructed, said diaphragm
having -a body -which has an.edge-flange which
is . snaced from- said-fixed part and which -is
biased by the resilience of -said- diaphragm - to a
normal position-in which -said.edge-flange abuts
the-internal. wall of .one of said .shells normally
to. separate the interior space of said hollow body
into.an. inlet chamber ‘which normally communi-
cates- only with said. 1n1et opening and an outlet
chamber which normally - communicates  only
with said -outlet -opening,.said chambers having
respectlve air-columns therein, said edge-ﬂange

0 belng displaceahle frem said normal position to -

establish-communication between said chambers
when-the. pressure.in said inlet chamber eXceeds
the pressure.in.said.-outlet chamber.

-4, An. acousticdevice according to claim 3.in
which said- diaphragm :is arched both longitudi-
nally -and  laterally, with .the exception: of said
fixed part-thereof.

5. . An -aceustic .device according to claim 3 in
Wthh said diaphragm has g concavo-convex rib
between said.edge-flange -and -said fixed part.

6. An-acoustic device .according to claim 3 .in
wh1ch sald body .of .said diaphragm has sufficient
rigidity to maintain said body -in ifs- predeter~
mined normal shape; and -to’limit the- flexing of
sald; dlaphragm substantially to the junction. be-r
tween:said fixed part and.said body.

7. An acoustic device accordmg to claim-3-in
which said-body of -said diaphragm-has-sufficient
rigidity to maintain-sai¢d body in .its predeter-
mined- normal shape .and teo:limit -the; flexing -of
said diaphragm substantially to the junction-be-
tween said fixed part and said body,-said:ecutlet
chamber having ‘an air.celumn which- follows an
exponential formula .and. which has -its :greatest
cross-section at said outlet opening.

8. An acoustm device which comprises-a hol-
Iow body, said body -having an.inlet opening and
an.outlet opening, an arched diaphragm located
in.said .body,. one .part of said d1aphragm being
fixed :to said hollow body, another part of -said
diaphragm. being movable relative to said -body,
said .movable part having an-edge-portion, said -
movahle part being biased -to a.normal position
in which its said edge-portion normally abuts-an

-interior. wall .of said -hollow- body to. nermally

separate the interior space of said body- into an
inlet. ehamber. which commumcates only: W1th

- said inlet-opening and. an-outlet chamber-which

communicates only with said outlet opening, each.
said chamber having a respective air column, said.
movable part being movable out of said normal
position under the force of compression -in-said
air, column of -said -inlet -chamber fo- estabhsh
communication . between said chambers, - said

;-.,edge-portlon havmg at least a-major- part of .an-

nular shape.

-9..An acoustic device-which. comprises :g-hollow
body, said body having an inlet :opening- and- ah
outlet .opening, an arched diaphragm located in

0- said bedy, one part of said diaphragm being fixed

to- said-hollow -body, another part of said dia-
phragm -being movable relative to:said body, said
movable-part having .an edge-portion, said mov~
able :part being-biased to .a-rormal position:in
which.its said edge-portion normally. abuts.an
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interior  wall of said hollow: body to. normally
separate the interior space of said body into an
inlet chamber which communicates only with
said inlet opening and an outlet-chamber which
communicates only with said outlet opening, each
said chamber having a respective air column,
said movable part being movable out of said nor-
mal position under the force of compression in
said air column of said inlet chamber: to estab-
lish communication between said chambers, said
hollow body having a longitudinal axis, said inlet
opening and said outlet opening being located at
the respective ends of said axis.

10. An acoustic device which comprises a hol-
low body, said body having an inlet opening and
an outlet opening, an arched diaphragm located
in said body, one part of said diaphragm -being
fixed to said hollow body, another part of -said
diaphragm being movable relative to said body,
said movable part having an' edge-portion, said
movable part being biased to a normal position
in which its said edge-portion normally abuts an
interior wall of said hollow body {to normally
separate the interior space of said body into an

inlet chamber which communicates only with said 25

14 :
inlet opening and an outlet chamber which com-
municates only with said outlet opening, each
said chamber having a respective air column,
said movable part being movable out of said nor-
mal position under the force of compression in
said air column of said inlet chamber to estab-
lish communication between said c¢hambers, said
movable part having a permanent concavo-con-
vex shape, at least a major part of said edge--

10 portion being continuously curved.

HAIL HORNE.
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