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2 Claims.

This application for U. S. Letters Patent is a
modification and continuation in part of Patent
No. 2,189,161 issued PFebruary 6, 1940, and co-
pending application for Letters Patent in U. S.
Serial No. 317,266 filed February 5, 1940, allowed
May 29, 1941, not issued. This invention is also
a modification of the apparatus described and

<

claimed in Reissue Patent No. 20,395 issued June °

8, 1937; carrying forward the basic idea and the
method and apparatus therein disclosed in other
species of the invention.

The present invention relates to an electro-
acoustical system; to loud speakers; to micro-
phones; and to similar electro-acoustical devices.
More particularly it relates to such devices hav-
ing electro-dynamic means for actuating the dia-
phragm thereof, wherein the diaphragm carries
a signal current coil mounted thereon and pro-
jected flexibly movable in a magnetic air-gap.-

The invention relates more particularly to an
electro-acoustical device comprising two sound
~ reproducing diaphragms each carrying a signal
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current coil in a magnetic air-gap, wherein one -

diaphragm is larger than the other and is of
the direct acting type, and the smaller diaphragm
is. of the relatively solid small type in acoustic
relationship with a tubular resonant air column
or with the air column of a horn passing through
the inner pole portion of the electro-dynamic
actuating unit and also through the center of
the direct acting type diaphragm, whereby both
diaphragms will project sound waves in substan-
tially the same general direction and in substan-
tially concentric relationship, the sound waveés
passing through an orificed baffie in acoustical
coupled relationship with the direct acting type
diaphragm. . o
The present invention also relates to an im-
proved electro-acoustic system comprising elec-
tro-dynamic means for actuating the dlaphragm
or diaphragms thereof, at least one direct acting
type diaphragm, orificed baffle means acoustically
coupled with the diaphragm, and a dividing-com-
pensating-coupling circuit network in -coopera-
tive combination, employing acoustical conduc-

tion resonance action to the rear of the orificed.

baffle.
An object of the present invention is to pro-
vide & method and apparatus of the character
~described adapted for faithfully responding over
a wide band of audio frequencies substantially
in accordance with a desirable characteristic
curve according to a broad band width having a
sharp cut-off and at the same time preserving
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a sufficiently level response over s wide band
width. .
Another feature of the present invention pro
vides an attachment for use in combination with
the two diaphragm loud speaker, for attaching
the loud speaker to a conventional horn, for ex-
ample, to a theatre horn or an auditorium horn,
for replacing the single diaphragm loud speaker
units of the prior art, or for replacing the two
loud speakers of the prior art sound systems with
a two diaphragm single loud speaker adapted

for more faithful reproduction of sound over a

wider band of audio. frequencies, for effectively
improving the articulation, the intelligibility and
the illusion of reality desired by theatre managers -
and sound engineers. This feature of the in-
vention is also adapted for use in radio-audio,
and in radio-audio-television receiving systems by
employing tubular acoustical conduction within
the apparatus cabinet behind the baffle acousti-
cally associated with the direct acting type dia-
phragm, in a modification of the apparatus de-
scribed and claimed in one or the other of my
reissue U. S. patent, Re. 20,395 hereinbefore iden-
tified. A cooperative orificed bafile modification
of the apparatus described in this reissue patent
is shown and described herein with reference to
the accompanying drawing.

The coupling-dividing, or compensating coils,
transformers and circuit networks herein shown

- and described are modifications of the apparatus
described in either 'my U. 8. Patent No. 2,189,161
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issued Feb. 6, 1940; or in my copending applica-
tion for Letters Patent in the U. 8. Serial No.

2 317,266 filed Feb, 5, 1940,
_ » Other features of my invention too numerous

to relate in detail will be disclosed in the descrip-
tion with reference to the accompanying drawing
taken together or separately. For the sake of -
explaining the principles of the invention, I will
now describe illustrative embodiments thereof.
The drawing is for illustrative purposes only and
is not drawn to scale. The details of mechanical
construction being left to the skill of experienced
workmen employing the apparatus herein de-
scribed and claimed.

In the drawing: ’ .

Fig. 1 represents a modification of electro-
acoustical and electro-dynamic apparatus em-
bodying the invention.

Fig. 2 represents an attachment for connecting
the device shown in Fig. 1 with an external horn,
or with a tubular resonant air-column load.

Fig. 3 represents a coupling and dividing net-
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work for connecting the signal current coils of
the device shown in Pig. 1 to a circult network.

Referring to the drawing:

In Figures 1 to 3: electro-acoustical devices of
the electro-dynamic type may be electro-mag-
netically energized, or they may be of the perma-
Qent magnet type, according to the particular
conditions encountered.

For example, in & radio-audio receiving system
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magnetic deld supply by means of a field coil may
b2 satisfactorily employed, but in auto-radio-
audio systemns and farm battery radio-audio sys-
tems, and in address-auditorium and theatre
sound systems where the loud speaker is often
ioceted et o distance from the sudio frequency
zmplifier and from the power source, permanent
gt electro-dynemic loud speakers are prefer-

o

2T

modifications illustrated in the accom-
- drawing show the electro-magnetically
zed system, hub it is understood that in
order ¢ get maximum usefulness from this in-

<
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vention either method of energizing the magnet

of the electro-dynamic actuating means may be
employed within the scope of the claims.

Permanent magnet devices are also employed

with, electro-dynamic microphones. Therefore
when the devices of the present invention are
useC as microphones or in systems where the
electro-magnetic field supply is not readily avail-
able, the devices of this invention may be of the
permanent magne} electro-dynamic type.

The form of the magnet illustrated readily
adapts the magnet for either a permanent magnet
or an electro-magnet, When used as an electro-
meagnet an H form as shown may be used, or any
other suitable form. When used as & permanent
magniet an H form may be used or any other form
may be used. When separated the magnet may be
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U shaped, or round, or any other pracuical shape, .

The diaphragms may be arranged whereby one
diaphragm responds more eflectively at one end
of the audio range of irequencies, while the other
diaphragm deals more effectively with the other
end of the audio band of frequencies. Or any
desirable relative response arrangement may be
employed for obtaining desired results.

Parallel magnetic circuits are employed for
more flexibility in obtaining compensation and
tone control than may be had from a series mag-
netic circuit arrangement, where any compensa-
tion applied to one magnetic pole and air-gap, or
to the associated signal current coil in the said
air-gap will also tend to modify currents passing
In the series magnetic circuit through the other
pole end and magnetic air-gap and through the
second signal current coil therein. In the par-
allel magnetic circuit system of this invention im-
proved electro-acoustical and electro~-dynamic
features are provided. .

Cooperative orificed bafle means is another
feature of the invention in the acoustical com-
pensation portion thereof for cooperating with
the direct acting type diaphragm of the inven-
tion.

Sound waves continue to spread in free air, with
only & very small loss due to the absorption of the
sound by the air itself. When however, the waves
reach any solid body, they are in general partly
transmitted, partly reflected, and partly absorbed.
Many solids as is well known transmit or conduct
sound very well indeed. The transmission or
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phragm action, If the solid is in the form of a
panel, as an orificed bafile, by sound-board reso-
nance action when the orificed baffle is coopera-
tively acoustically coupled with a loud speaker
as herein shown in the accompanying drawing
and described in the specification, which is in
accordance with my U. S, Reissue Patent 20,395
hereinbefore identified.

When a direct acting type diaphragm pro-
duces the lower tones, the slow air oscillations
corresponding to these tone ranges on either side
of the diaphragm have, as is known, the tendency
to equalize around the rim or periphery of the
diephragm.

In order to obviate this, a bafle is usually
arranged to extend from adjacent the periphery
of the diaphragm. The orificed baffle of the
present invention not only prevents the direct
equali ation of the air vibrations corresponding
to the lower tones, but intensifies them by reso-
nance,

Baffle, or sound-board resonsnce added to re-
sultant tones tends to effect the lower tones more
than the higher tones. The lower tone ranges
are usually not brought out with proper effective
proportionate relationship with other higher
tones by the diaphragm alone.

The acoustical coupling between the peripherial
portion of the loud speaker and the associated
baffle are very important features determining the
quality of tones emanating from apparatus of the
class herein described. The tubular resonant air
column conduction action of the present inven-
tion in cooperation with the orificed baffle of the
device tends to bring out a wider band of audio
frequencies having improved resultant tones.

In Fig. 1, electro-dynamic electro-acoustical
device | may be a loud speaker i, a microphone |,
or both a loud speaker and a microphone in a
single unit {, wherein one diaphragm may be con-
nected for use as a microphone and the other
diaphragm connected for use as a loud speaker.

Element 2 is a mounting for the unit having an
annular peripherial supporting portion 3 or 3A for
the direct acting type diaphragm 5. The flanged
periphery 4 of the substantially conical diaphragm
5 is supported by the mounting portion 3—3A of
the mounting 2 and the ring shaped or annular
baffle portion 37 of mounting 2. Mounting por-
tions 3 and 3A show two different arrangements.
Arrangement 3A is a modification of the appa-
ratus described and claimed in Re. Patent No.

20,395,
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conduction may be partly due to a resonant dia- 75

Mounting portion 3 is a modification showing
one of the soundboard and loud speaker arrange-
ments in combination with a ring shaped auxili-
ary baflle member 37, described and claimed in my
U. 8. Relssue Patent No. 20,467.

Auxiliary baffle member 31 Interposed between
the flanged periphery 4 of diaphragm § and the
rear surface of orificed baffle 38 spaces the pe-
riphery 4 of diaphragm B rearwardly from baflle
38. Auxiliary bafle member 37 may be composed
of any suitable material adapted for cooperatively
and freely conducting sympathetic vibrations be-
tween the mounting portion 3—3A and the flanged
periphery 4 of diaphragm B and the rear surface
of the orificed bame 38 whereby sound vibrations
are caused to be modified or modulated by means
of cooperative acoustical conduction resonance
action between the said associated elements
3—3A, 4 and 37 in combination with sound board
resonance action of the orificed baffle 38.

Screws or bolts 39 secure device | on the rear
side of the bafle 38. Bafile 38 forms a baffle
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“support” for the electro-acoustical electro-dy-
namic device (. Fabric 40, which may be for
ornamental purposes, or for acoustically damp-
ing the resonant action of baffle 38, or which may
be both useful and ornamental, is applied to the
tront surface of bafle 38 and across the orificed
portion thereof. '

A suitable gasket 41 of cardboard, fibreboard,
rubber, felt, or other suitable material is applied
between the front end of the horn 35 and the an-
nular portion 43 of bafle 38, the bafle portion 43
provides the orificed portion 44 in baffle 38 sub-
stantially concentric with diaphragm § and a
larger orificed portion 45 providing free passage
for sound waves between the front surface 4§ of
diaphragm 5 and the outer surface 47 of the horn
35 to the atmosphere, or from the atmosphere to
the fluid area between the inner surface 46 of
diaphragm B and the outer surface 47 of horn 3.

Grill elements 42 may be provided across the
orificed portion #4 of baffle 38 for ornamental
purposes, for protective purposes, or for provid-
ing damping compensation for the resonant air
column 38 within horn 38. ) .

Baffle “support” 38 may be composed of metal,
wood, cardboard, fibreboard, ply-board, or other
suitable material. The bafle 38 may be an ele-

ment of device { forming a support for device |,

or bafie 38 may be mounted in a cabinet, or baffle
38 may be mounted on a radic-audio receiver
chassis, or in any other suitable arrangement
within the spirit. of the invention, subject to my
U. S. Reissue Patent 20,395 hereinbefore iden-
tified. _ S _

Mounting 2 of device | may be U shaped, or
the mounting 2 may be stamped out of any suit-
able sheet material, which is lighter, cheaper,
and simpler for construction purposes than prior
art solid or rigid cast mountings.

Direct acting type diaphragm B carries a sig-
nal current coil § projected in- the magnetic air--

gap 1 of the electro-dynamic actuating unit 9.

Electro-dynamic actuating unit 9 has parallel
actuating units 8 and 10, providing parallel mag-
netic circuits divided at the cross-sectional line
{I shown in Fig. 1. Magnet portion 8 has an
outer apertured pole plate (2 forming a support
i2 for attaching the unit 8 to the mounting por-
tion 2’ of the mounting 2. .

The other magnet portion 19 has an apertured
outer pole plate {3 at the rear of device I. Nu-
meral |4 indicates. a common magnet portion
having an aperture {8 therein. Magnet portion
8 includes an inner pole piece 1§. Magnet por-
tion 10 includes an inner pole piece i1. Inner
pole portions or pieces 16 and 11 are hollow and
open at both ends. The outer end of pole plece
{8 projects into aperture 7 in outer pole plate
12 forming the annular air-gap 1. The outer
end of inner pole plece 11 projects into aperture
{8 in the outer pole plate I3 forming the annular
alr-gap (8. i

A relatively solid small type diaphragm {9 hav-
ing a dome shape and a peripherial supporting
portion and carrying a signal current coil 20
projected in the magnetic air-gap 18, is mounted
between rings of suitable material 21—122, such
as cardboard, fibre, leather etc., and attached to
the outer side of the pole plate (3, the diaphragm
19 being in acoustic relationship with the air col-
umn I within the inner pole portions 1—11
and common magnet portion I4.

The inner ends of pole pleces 1§ and 7 are

butted against the common . portion i4 of the

magnet § on opposite sides of aperture
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a single tubular alr column !5 is formed thereby
open at both ends. ,

The magnet portions I4—I4A and (4—I4B
may be cast of suitable material in one piece or
block, or the magnet portions |4—idA and 14—
14B may be separately stamped out of suitable
sheet metal in U shape. The two separate por-
tions may then be placed back to back as shown

by numerals 8§ and 10 and fastened securely to-.

gether forming a single unit 9.  Various means
are suitable for fastening portions 8 and 10 to-
gether when this construction is employed, such
as welding, riveting, bolting, screwing, etc. The
inner pole portions {6 and T may be a single
element 1§—17 inserted through aperture I8 in
common magnet portion {4 and securely fastened
to portion 14 with the outer ends thereof project-
ing into apertures 7 and {8 in outer pole plates
12 and |3 respectively forming the magnetic air-
gaps T and 8 therein, in which case alr column
{8 is separated from aperture 15 in the common
magnet portion (4 through which the inner pole
portion will project, as shown by the dashed lines
in Fig. 1 across portion i8. The drawing shows
the magnet portions |4-—{4A and (4B cast in
block.  The particular details of mechanical con-~
struction will vary according to the particular
conditions encountered depending’ obviously
greatly upon the particular use to which the de-
vice will be put, and are therefor left to the
skill of the experienced workmen employing this
method and apparatus within the spirit of the
invention and the scope of the claims, various

_modifications being possible, according as to

whether the device is employed as a loud speak-

" er, or as a microphone, or as both a loud speaker
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18 so that 78

and as a microphone wherein one diaphragm is
constructed and arranged for a microphone and
the other diaphragm for a loud speaker.

A flexible member 28 is attached to the cylin-

" drical sleeve 24 carrying the signal current coil

¢ on diaphragm 8§, and is also attached to mount-
ing portion 2’ by screws 25. Washers 26 space
fiexible member 28 from mournting portion 2’ for
locating the signal current coil 6 in the proper

- position in magnetic air-gap 1 flexibly movable

for best effective desired results.

The peripheral supporting portion of dia-
phragm I8 may be flat or corrugated according
to the amount of flexibility desired. A member
27 secures the periphery of diaphragm 18 asso-
ciated with rings 21 and 22 to the pole plate I3
so that a small resonance space or chamber 28 is
formed between diaphragm (8 and pole plate 13;
another small resonance space or chamber 29 be-
ing formed between the other surface of dia-
phragm 19 and the member 21.

Diaphragm (9 is attached to pole plate I8 so
as to vibrate in accordance with electro-acousti-
cal vibrations or currents associated therewith.
The chambers 28 and 28 tend to provide com-
pensation for controlling the mechanical motion
of the diaphragm (9 utilizing the mass, elasticity
and viscosity of the air to eficiently damp the
mechanical motion of the diaphragm 19,

An aperture or apertures 30 through pole plate
i3 provides air pressure or resonarce release for
modifying the damping effect of chamber 28 upon
diaphragm 9. An aperture or apertures 31 pro- -
vides air pressure or resonance release from
chamber 29 for modifying the damping effect
of chamber 29 on diaphragm (9. The dimensions
of chambers 28 and 29, and of the apertures 30
and 3| may be proportioned so as to obtain the
best acoustical damping effect and compensation
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for maximum efficiency in accordance with a de-
sirable characteristic curve according to a wide
audio band width having a sharp cut-off and at
the same time preserving a sufficiently level re-
sponse over a wide band width.

A casing 32 may be employed in combination
with device | and diaphragm 19 as part of actu-
ating unit 9, providing an additional resonsance
chamber 33 forming an acoustical load on dig-
phragm 19 through the aperture or apertures 31
in member 27.

The insert 34 located in the tubular air column
15 within the inner pole portion T is secured
concentrically therein in spaced relation te the
walls of the air column {5 by means of suitable
fins or guides, providing a load on the adjacent
surface of diaphragm (9. The insert 34 is of such
shape as to provide an air passage through the
chamber {5 increasing in cross-section gradually
from adjacent dizsphragm {9. The insert may be
solid as shown, or the insert 34 may be perforated
by one or more tubular chambers, 18, as indicated
by the dashed lines therethrough longitudinally
therewith, the insert 34 may be in other forms,
and when the device f, or the portion i0 of de-
vice | is emplcyed as a microphone the insert
may be omitted.

A horn 85 having a resonant air column 36
therein may be attached to the forward end of
inner pole portion {8 as shown. The forward end
of pole portion 16 and walls of tubular air column
15 therein are recessed for having the horn 33
secured thereto so as to form an extension of the
air column 15 through the open portion of direct

acting type diaphragm 5 to a region in front of :

diaphragm § substantially concentric with the
Deriphery thereof and substantially concentric
with the orificed portion 45 of the baffle 38.

Diaphragm 5 is in the form substantially of &
truncated cone having a flanged periphery 4, car-
rying a signal current coil 6 and having an open
portion adjacent the signal current coil 8 through
which horn 35 is projected.

When device { is employed as a two diaphragm
loud speaker sound waves emanating from the
diaphragm 8 will pass through air column 5
to air column 36 within horn 36 and through
horn 35 to the region directly in front of dia-
phragm 8, in substantially the same general di-

rection as sound waves propagated from the front 5

surface of diaphragm § through orifice 45 in baf-
fle 38 to the outer atmosphere and substantially
concentric therewith,

Plural fleld coil windings 48 are applied to pole
portions 16 and {7 for energizing the actuating
unit 8. A stationary electro-dynamic compen-
sating coil or biasing coil 49 is applied to pole
portion 18 and connected in series with signal
current coil 6 carried by diaphragm 5. Another
stationary electro-dynaimnic compensating or bi-
asing coil 50 is applied to pole portion [T and
connected in series with the signal current coil
20 carried by diaphragm (8,

The compensating or biasing coils 48 and 50
are features of the present invention carrying
forward the basic idea disclosed in my U. S. Pat-
ent No. 2,189,161 issued Feb. 6, 1940,

In the present invention the coils 48 and 80 or
& coil 49 or a coil 50 provides compensation tend-
ing to bring the two diaphragms into proper res-
cnance for the most efficient operation in accord-
ance with a desirable characteristic curve accord-
ing to a wide audio band width having a sharp
cut-off and at the same time preserving a suffi-
clently level response over a wide band width.
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The compensating or biasing coils may be em-
ployed with either permanent magnet elcctro-
dynamic devices or with electromagnetic electro-
dynamic devices employing two or more dia-
phragms in a network system. Only a few turns
are necessary for biasing coils 49 and 50. The
ccils 49 and 50 may be connected or arranged in
various ways for providing compensation within
the spirit of the invention and the scope of the
claims. My Patent No. 2,189,161 covers the use
of g stationary electro-dynamic coil in other sin-
gle diaphragm arrangements.

Circuit leads 61 and 52 may be connected to
any suitable audio frequency eircuit system, in
either the input portion of the circuit or the out-
put portion of the circuit within the spirit of the
invention without departing from the scope of
the claims.

Circuit lead §f is connected with coils 6 and
49; circuit lead 52 is connected with coils 20 and
E0. Leads 48A are the field coil leads for field
coil 48 applied to the actuating unit 8.

In Fig. 2, another modification of member 21
is shown, indicated by numeral 21A in combina-
tion with an attachment 53, for connecting the

.portion 10 of device | and diaphragm (9 with an

external horn or tubular resonant air column
load, such as a horn-of the type employed in
auditoriums, theatres and other places of enter-
tainment, formed to project sound waves to the
atmosphere at an angle of substantially 180° to
the intake throat portion thereof.

The attachment 53 makes the device | suitable
for a wider range of usefulness in the entertain-
ment fleld. For example, a bass horn may be
attached to device | by means of attachment 53
for bringing out the lower tones. The opposite
surface of diaphragm 19 being operatively con-
nected with the horn 35 arranged for higher fre-
quencies, while the direct acting type diaphragm
5 may be arranged to function over the interme-
diate band of audio frequencies or any suitable
portion of the audio frequency band, as between
50 cycles and 7,500 cycles, or between 800 cycles
and 10,000 cycles, or diaphragm 5§ may be ar-
ranged to bring out the lower frequencies and
diaphragm 19 arranged to bring out the higher
frequencies.

Instead of device 53 connecting device | with
an external horn, the device | may be connected
with a tubular air column within an apparatus
cabinet and device { located in an apparatus cab-
inet, such as in combination with a radio-audio
receiver, or with a common radio receiver and
amplifier for picture and sound, in a modifica-
tion of the apparatus described and claimed in
my Reissue Patent Number 20,395 hereinbefore
identified. The present invention carries forward
the basic idea of the invention therein disclosed.

The portion 27B of element 2TA-is modified so
that the aperture or apertures 3{A provide pas-
sage means from dlaphragm 18 to the throat 3{B
of the attachment 83 having impedance sufficlent
for providing a load on the adjacent surface of
diaphragm 18. Apertures 54 are provided in de-
vice 83 for the passage of screws or bolts for at-
taching device §3 to actuating unit 8, or to por-
tion {3 thereof.

In Fig. 3, a coupling-compensating-dividing
network system is shown, indicated by numeral
54, which is a modification of the inductance-
impedance combinations and circuit networks
described and claimed in my U. S. Patent No.
2,189,161, and in my copending application for
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U. S: Letters Patent Serial No. 317,266 herein-
before identified, carrying forward the basic idea
thérein disclosed, providing a dividing network
system .54 employing two transformers and in-
ductance-impedance elements, in an audio fre-
quency circuit system employing two diaphragms
each diaphragm carrying a signal curren{ coil
connected to the network 54 by means of circuit
leads 51 and 52, shown in Fig. 1. :
Transformer T’ is described and claimed in
U. S. Patent No. 2,189,161, having a winding di-
vided at an intermediate tapping point 55 and
an impedance comprising a transformer wind-
ing, in transformer T2, a resistance unit 89 and

a condenser 61 and a resistance 60 connected in*

parallel with the outside tapping points of the
transformer winding $5.

[

10

Resistance units 59 and 60 are for individually ‘

adjusting or regulating the volume or tone asso-
ciated with each coupled diaphragm, as § and 19
shown in Fig. 1. Resistance units 59 and 60 may
be variable, or they may be of the type having
a sliding contact adapted for being permanently
secured in position when the proper setting is
determined, or they may be fixed resistance units
of the value found to effect the best cooperative
results. Condenser 61 provides a capacitive im-
pedance adapted for modifying the tones of cur-
rent frequencies passing through transformer T2
and circuit 52 to diaphragm {9 in combination
with winding 56 and resistance §9 forming an
impedance in series with the transformer winding
connected to point 54 of the dividing network
system. Transformer windings 57 and 58 pro-
vide coupling network circuits for connecting the
dividing network 54 with circuit leads 51 and 52
of device { shown in Fig. 1.

The device | in Fig. 1 is not shown connected
to the coupling-dividing-compensating network
54 of Fig. 3 because I desire to bring out that this
application is a continuation in part of my co-
pending application Serial No. 317,266, and that
the several coupling networks described and
claimed therein provide improved coupling ar-
rangements and circuit networks for connecting
circuit leads 51 and 52 of the device { with the
dividing circuit network leads and windings §1
and 58, of the network system 54, or of any other

suitable network in an audio frequency circuit

~ system, . ,
We meet with resonance in the diaphragm of
a microphone or of a loud speaker, in the hu-
man voice, in drums, disk recorders, and' other
places.. Sounding bodies usually have several
natural resonances, strings vibrate as a whole
and also in parts, and the same is true of air
columns, diaphragms and baffles or sound-boards.
These various resonances are set up concidently
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and are responsible for the components or over- .

tones elicited from the device or instrument.
Without resonance there is no tone quality. A
sound reproducing device designed to avoid res-
onance will eliminate the necessary components
or overtones necessary for bringing out depth,
timbre and brilliant tone quality. _

Tn the case of the stringed instruments, in-
cluding the piano, instruments of the violin

family, plucked string instruments etc., the vi--

brations of the strings are communicated to the
body . or sounding board and the tone quality is
determined by the resonance of the sounding
board and the air-column of the resonance cham-
ber of the instrument acting to blend overtones
with the fundamental tones produced by the In-
strument.

60
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This is the basic principle and the basic idea
upon which my methods and apparatus are
based. . :

“Cabinet cavity resonance” is another and dif-
ferent kind of resonance, (see “resonance” de-
fined in Webster’s International Dictionary.)

My methods and apparatus employ “resonant
diaphragm and acoustical conduction resonance”
action. My methods and apparatus avoid “cavity
resonance” in the apparatus cabinet, that causes
reverberation distortion. ‘ :

It is inherent in apparatus of the character
described that some vibrations will be impressed
upon the baffle 38 by the elements of sound re-
producing device | or T1. Auxiliary ring-shaped.
baffle member 371 tends to make these vibrations
“sympathetic.” “Sympathetic vibrations” have:
the same period of vibration as the body they
cause to vibrate, causing an increase in intensity
and amplitude of said vibrations, by resonant
diaphragm, -or conduction resonarnce. '

Numerous ideas have been carried out in this
invention, with recognition on my part that one
or more novel elements, arrangements or com-
binations can be employed separately, or the vari-
ous elements, arrangements, or combinations may
be employed collectively. I want it understood
that I do not limit my invention.- I realize that
other modifications are possible and it is my:
intention to cover all other modifications which
can be made without departing from the spirit
of the invention and the scope of the claims.
Features of my invention shown and described
herein and not claimed, are claimed. in one or
another of my U. S. patents or patent applica-
tions hereinbefore identifled, and listed below. .
Re. 20,395 issued June 8, 1937; 2,189,161 issued
Feb. 6, 1940; or application, Serial No. 317,266
filed Feb. 5, 1940, ‘

I claim: .

1. In combination in an electro-dynamic elec-
‘tro-acoustical device forming a loud speaker, two
diaphragms each carrying a signal current coil
mounted on a cylindrical sleeve attached thereto,
one diaphragm having a relatively stiff curved
central portion and a flanged periphery permit-
ting the stiff central portion of the diaphragm to
move relatively to the fixed outer periphery
thereof, the other diaphragm having the form
‘substantially of a truncated cone having an un-
obstructed: open -center portion coinciding with
the sleeve and coil carried thereby, and having
a flanged periphery, and two electro-dynamic
field magnet units including a pair of inner pole
portions one in front of the other, a pair of .
outer pole plates each having a circular open-
ing therein concentric with the inner pole por-
tions, the outer end of each inner pole portion
projecting into the circular opening in one outer
pole plate, the arrangement forming two mag-

_netic air-gaps one in front of the other, and
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apertured magnet yoke portions in adjacent rela-
tionship supporting the butt ends of the inner
pole portions and connecting the two fleld mag-
net units in adjacent concentric systems, the
inner magnet poles being hollow and open at
both ends forming a single open ended air col-
umn extending through the apertured yoke por-
tions of the magnet system, the two air-gaps and
the two diaphragms being located sadjacent op--
posite ends of the inner magnet poles, separate
mountings for the two diaphragms attached to
the magnet system supporting the peripheries
thereof in a fixed position, a flexible member as-
sociated with the conical diaphragm and its




e

mounting flexibly suspending the sleeve and coil

movable in one magnetic air-gap, the signal cur-.

rent coil carried Ly the smaller diaphragm be-
ing flexibly suspended movable in the other air-
gap wherein the contour of the smaller dia-
phragm and the adjacent portions of the mag-
net poles ceincide, the arrangement forming a
chamber having small volume between the smaller
diaphragm and the magnet poles, and an orificed
bafile member appiied to the opposite side of the
smaller diaphragm, the orificed portion of the
baffie forming passage for sound waves from one
side of the baflle member to the fluid area on the
opposite side of the bafle member in acoustical
‘relstionship with the smaller diaphragm, and a
horn attachment applied to the device on the
outer side of the orificed bafle member hav-
ing communication through the orificed portion
of the baffle with the smaller diaphragm, the ar-
rangement forming a chamber having small vol-
ume between the adjacent surface of the bafile
member and the smaller diaphragm, the mass,
elasticity and viscosity of the air in the said two
small chambers tending to cooperate in efcient-
ly modifying the mechanical movement of the
smaller dlaphragm,
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2 2,395,537

2. An electro-dynamic electro-acoustical de-
vice forming a loud speaker including a combina-
tion of elements substantially in accordance with
claim 1, wherein an orificed bafe member is ap-
plied in the smaller diaphram having a surface
contour adjacent the smaller diaphragm substan-
tially coinciding with the contour of the smaller
diaphragm arranged and forming a chamber
having small volume between the sald adjacent
surfaces of the smaller diaphragm and baffle
member, and a horn attachment applied to the
outer side of the orificed baffle member, the
horn attachment interior having communication
with the outer side of the bafle member form-
ing at least one passage chamber having rela-
tively small volume between the baffle member
and the interior wall surface of the horn attach-
ment having communication with the intake
throat portion of the horn attachment and also
having communication with the first sad cham-
ber and the smaller diaphragm through the ori-
ficed portion of the baflle member,

RAYMOND E. BOWLEY.



