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This invention relates to acoustic devices,
and more particularly to sound radiators of
the large direct-acting type.

-~ Tt has heretofore been proposed to pro-
vide sound radiators or loud speakers with
large direct-acting diaphragms, having an
area for sound radiation of several square
feet, where large volumes of sound are de-

10 ‘sired, as in auditoriums and the like, bud in

all such devices as heretofore employed, so
far as I am aware, it has been proposed to
employ diaphragm material which has low
internal viscosity. 'The rate of propagation

-of sound in a diaphragm is proportional to
the square root of the tension divided by the
mass, and in order to minimize the setting 1
up of standing waves in the diaphragm ma-
terial, with consequent disadvantageous res-

—-onances and interferences which are pro-
ductive of non-uniform sound propagation,
the diaphragm material has been subjected
to high tension in the direction of its plane—
the desideratum being to so tension the dia-

phragm material that the time required for
the sound to travel to the periphery of the
diaphragm from the point or points at which
the driving force is applied thereto is less
than the time required for the propagated
-wave to travel half a wave length in the air
at right angles to the plane of the diaphragm,
g0 as to minimize the phase difference be-
tween the center and periphery of a wave
front radiated from the diaphragm. The
~desired goal can be approached by increas-
ing the tension and decreasing the mass of the
diaphragm, but experience has demonstrated
that there are no known materials which are
both strong enough to withstand the neces-
sary tension and light enough to have the
desired mass to accomplish successfully the
end desired. Therefore devices of the type
under consideration as heretofore proposed
have been open to the objection that within
a certain range of the wave lengths repro-
duced standing waves are set up in the dia-
phragm materlal and interferences, phase
distortion and resonances are produced, with
a consequent non-uniformity of sound re-
production.

It'is an object of this invention to provide
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a large direct-acting sound radiator which
overcomes the above objections and which
1s capable of high quality reproduction of
music and speech without the interferences,
phase distortions and resonances that have
heretofore characterized devices of this type.
Another object of this invention is to pro-
vide a large direct-acting sound rvadiator
which employs a clmphraom of high internal
viscosity so as to minimize the setting up of
standing waves in the diapragm material
and the consoquent non-uniformity of sound
reproduction.
‘Another object of ﬂllS invention is to pro-
vide a relatively large direct-acting sound
radiator of the type Mfelr d to in combina-
tion with a novel driving unit of relatively
high efficiency which is partwulmly adapted

to the actuation of such & sound radiator.

Another object of this invention is to pro-
vide a driving unit which is coupled with a
source of audio frequency current whevein
the impedance of the source is matched with
the total impedance of the radiator, including
the electrical resistance and reactance of me-
chanical reaction as well as the electrical con-
stants of driving unit, so as to obtain 4 max-
imum transfer of ensrgy and power and con-
sequent high efficiency.

Other objects will appear as the description
of the invention proceeds.

The invention is capable of receiving a
variety of mechanical expressions, one of
which is shown on the accompanying draw-
ing, but it 1s to be expressly understood that
the drawing is for purposes of illustration
only, and is Tt to be constried as a definition
of the limits of the invention, reference being

had to the appended claims for that purpose..

In the drawing, wherein like reference
characters are employed to designate corre-
sponding parts in the several views—

Fig. 115 an end elevation of an embodiment
of the present invention;

Fig. 2 is a side elevation of the embodiment
of F1o 1

Flg Sisa perspective view illustrating the
improved driving unit in conjunction with a
diaphragm embodying the present invention
removed from its supporting frame; and
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Fig. 4 is a fragmentary view to illustrate
how the mounting means may be attached to
the diaphragm.

In accordance with the present invention
the diaphragm is composed of a material hav-
ing a high internal viscosity, so that after a
wave has traveled through the diaphragm
material for a distance of approximately half
a wave length from the point or line at which
the driving force is applied thereto, the en-
ergy of the wave is largely absorbed, and
hence standing waves, due to reflection from
the edges of the diaphragm, ave largely, if
not completely, suppressed by absorption in
the material, due to its high internal friction.
This means that only a portion of the dia-
phragm around or on either side of the point
or line at which the driving force is applied
thereto is used as a sound radiator, the active
area of the diaphragm for any given fre-
quency varying inversely to the frequency.

Any suitable material of high internal vis-
cosity may be employed. Wood, of suffi-
ciently strong texture, such as pine, or lami-
nated wood and fabric as canvas, as well as
certain impregnated canvas or other suitable
fabrics provided as substitutes for veneering,
sheathing, etc., have been found to give excel-
lent results. For example, heavy cloth im-
pregnated with a phenol-resin or the like,
such as the material known comiercially ag
“Celeron” is very satisfactory. With such
material the central area of the diaphragm,
depending upon the particular frequency be-
ing radiated, becomes the sound generating
surface, and bevond an area represented by
approximately half a wave length from the
point or line of application of the driving
force to the diaphragm, the energy of the
wave is largely absorbed by the internal fric-
tion of the material, so that the setting up
of standing waves is minimized and the con-
sequent resonances, phase distortions and in-
terferences heretofore existing by reason of
standing waves, and the consequent non-uni-
formity of sound radiation, are largely elimi-
nated.

The diaphragm may be of any suitable size.
For example, a diaphragm having free area

} on the order of six feet by three feet has been

found to give excellent results, but if pre-
ferred narrower or greater widths or greater
or shorter lengths, or both, may be employed.
The diaphagm may also be of any suitable
thickness depending in part on the character
of material employed and the size used.

In order to normally maintain the dia-
phragm in its neutral position, a relatively
light tension is applied thereto in the direc-
tion of its plane, so that the diaphragm is
properly restored to its neutral or interme-
diate position whenever deflected therefrom
by the driving force applied thereto, but the
restoring tension thus applied to the dia-
phragm is to be sharply differentiated from
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the tension heretofore employed on large dia-
phragms for the purpose of so tensioning the
disphragm material that the rate of vibration
propagation in the diaphragm material shall
be large as compared with the rate of vibra-
tion propagation in the air. In fact, the
amount of tension applied to the diaphragm
in accordance with the present invention is
not of great importance and can be varied
through considerable limits without affecting
the action of the diaphragm. Hence, it is
ouly at the velatively low frequencies, under
8 thousand cycler, where the relationship
first above discussed ceases, that the tension
applied to the diaphragm has any substantial
effect on ity action as a sound radiator.

The diaphragm embodying the present in-
vention may be mounted 1n any suitable way.
Ag shown, the diaphragm 10 1s supported in
a framework of any suitable construction,
shown as composed of angularly related end
frame pieces 11 snitably braced by transverse
pieces 12 and connected at the top and bot-
tom by longitudinals 13 and 14. In Figs. 1
to 3 the diaphragm is shown as provided at
its top and bhottom edges with bracing strips
15 and 16, and at its lower edge the dia-
phragm is fixedly secured to the longitudinal
14 by a plurality of suitably spaced elips or
clamping members 17. Al its upper edge

he diaphragm is resiliently supported so
that a moderate tension may be applied there-
to in the direction of the plane. Any suitable
tension support may be employed, that shown
comprising a plurality of bails 18 suitably
attached to and spaced along the upper brac-
ing strips 15 and into which are engaged
heoks 19 carried by coiled tension springs 20,
which at their opposite ends are cennected
through rings 21 to threaded adjusting bolts
22 guitably threaded into the upper longitu-
dinal 13 of the frame or nuts carvied there-
by, hand wheels 23 being shown as applied
to each of said bolts for the purpose of vary-
ing or applying the desired degree of tension
of said springs 20.

In place of the bracing strips 15 and 16,
the diaphragm as shown in Fig. 4 may have
secured thereto along each of its upper and
lower edges and at each side thercof a plu-
rality of lozenge shaped elements 157 of suit-
able material, as Bakelite, suitahly attached
thereto, as by rivets, cach of said members
having a central aperture through which the
attaching meansg for the tension springs and
the lower mounting clips or elamps may ba
applied.

One or more driving units of any suitable
type or construction are mounted on the
frame in any switable way and euitably at.
tached to the diaphragm, preferably along a
line apnroximately midway between its up-
per and lower edges. As shown, a platform
94 ig sujtably carried on the frame by cleats
25 and struts 26. A plurality of electro-
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magnetic-driving units may be mounted on

the platform 24 and attached to the dia-

phragm 10 in any suitable way at 27.

-1 prefer to operate the diaphragm how-
ever by a novel driving unit of the character
illustrated in Fig. 8'and which extends sub-
stantially the entire width of the diaphragm
10.  As here shown, the driving unit com-
prises‘a field coil 28 and a magnet core 29 of
substantially the width of the diaphragm,
said core having an air gap 80. Disposed
in the air gap 30 is a.conductor for audio
frequency currents.in the form of a strip 31,
preferably of relatively light material, which
is suitably attached to the diaphragm, as by
a plurality of extensions 82 which extend
through apertures disposed along the width
of the diaphragm at approximately its mid-
length, and which extensions are suitably
secured to the diaphragm rigidly as by nuts
33 threaded onto said extensions at opposite
sides of the diaphragm. Said strip 31 may
be made of aluminum or other light metal
or alloy and may be stamped or pressed from
a single sheet of metal, a strip cn the order
of a quarter of an inch in width and a six-
teenth of an inch in thickness having been
found suitable. © The extensions for attach-
ment to the diaphragm should be of small
dimension so as to prevent deviation of the
audio current from the main path, and they
should be spaced relatively close together so
that a driving force may be generated uni-
formly along the strip for all frequencies
likely to be transmitted, and prevent the flex-
ure of the strip between the extensions and
consequent resonance of the strip at the higher

frequencies. '

The powerful electromagnet 28, 29 pro-
vides a high flux density when high grade
iron is used, a density of 15,000 lines per
square inch being available in the gap, and
when audio frequency current passes through
the strip 31 across the path of the magnetic
flux, a force is generated tending to move the
strip 81 at right angles to both the current
and the flux in accordance with Lenz’ law.
Thereby the strip, and the diaphragm at-
tached thereto, are moved outwardly or in-
wardly with respect to the gap, depending
upon the instantaneous direction of the andio
frequency current. The electrical imped-
ance measured between the ends of the strip
31 is relatively low, being composed of the
true electrical resistance and reactance of
the strip itself, together with the electrical
constants generated in the strip by the me-
chanical reaction of the diaphragm thereon,
Ag the electrical resistance and reactance,
due to the mechanical reaction, are much
greater than those of the strip itself, the
maximum transfer of energy or power re-
quires that the impedance of the source be
matched with the impedance of the speaker.
Where the total impedance is very low a

3

special output transformer should be em-
ployed for transforming the high imped-
ance of the vacuum tube plate civeult em-
ployed as a source to a . low impedance to
match the spealker. With a diiving unit so
constructed high efficiency is obtained in the
actuation of the-diaphragm and the sound
produced, whether ¢f music or speech, is
found to be of high quality.

It will therefore be perceived that a large
direct-acting sound radiater has been pro-
vided which avoids the difficulties hieretofore
experienced in . producing uniform sound
radiation with diaphragms of the charac-
ter under consideration, and which enables
a diaphragm of several square feet in area
to be employed without setting up standing
waves in the diaphragm material or intro-
ducing the resonances, distortions and in-
terferences that have hevetofore been charac-
teristic of diaphragms of this character.

Moreover, a novel driving unit has been
provided which operates at high efficiency
and enables improved action of the spsaker
as & whole. ~

While the illustrated embodiment of the
invention has been described with consider-
able particularity, it is to be expressly un-
derstood that the invention is not limited
thereto, as other embodiment thereof will
now readily suggest themselves to those
gkilled in the art, while changes may be
made in the details of construction, arrange-
ment, size and proportion of parts and ma-
terial employed without departing from the
spirit of this invention. A diaphragm em-
bodying the present invention may be used
with other driving units, and the driving
unit of the present invention may be used in
conjunction with other diaphragms, al-
though it has been shown that the combina-
tion of the two is productive of highly desir-
able results and improved efliciency in the
radiation of high guality speech and music.
Also the shape of the diaphragm may be
changed and the peint or line of application
of the driving force thercto may be varied
within the contemwnlation of the invention.
The direction of application of the tension
springs may also be changed, it being ima-
terial whether the springs pull vertically,
horizontally or at an angle. :

Reference is therefore to be liad to the ap-
pended claims for a definition of the limits
of the invention.

What is claimed is:—

1. Anacoustic device including a relatively
large direct-acting thin sheet diaphragm of
high internal viscosity and whose area is on
the order of a plurality of square feet, a frame
in which said diaphragm is mounted, means
for rigidly attaching one end of said-dia-
phragm fo said frame, a plurality of flexibly
mounted free tension springs for applying a
restoring tension to the opposite edge of said
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diaphragm without imposing an audio ten-
sion on the material thereof, a single high fre-
quency -responsive means operatlvely con-
nected to said diaphragm substantially mid-
way of its length for vibrating the same, said
last named means 1ncludln0' a single thin
strip of light weight current conductmc ma-
terial nn'ldly secured to the diaphragm in a
plane substantially at a right anole to the
plane of the diaphragm and to the direction
of tension in the diaphragm, and means for
electrically energizing said strip of material
uniformly throughout its length, whereby
the diaphragm is caused to move directly by
the strip of conducting material by electrical
forces applied thereto.

2. In an acoustic device, in combination
with a relatively large direct-acting sheet
diaphragm, a single light weight conductor
adapted freely to respond to audio frequency
impulses, extending substantially the full
width of the diaphragm and being rigidly
attached thereto in a singlestraightlinealong
its width and substantially midway between

© its ends, and a single means providing an

electrical field for sa1d conductor substantial-
ly throughout its length, said diaphragm hav-
ing an area and an internal viscosity such
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that only a central area thereof is responsive
for the generation of sound.

3. In an acoustic dévice of the character
described, a sheet of phenolic-resin impreg-
nated fabric providing a diaphragm, means
connected with opposite edges of said dia-
phragm for resiliently mounting the same
under tension in the direction of said edges,
the remaining edges of the diaphragm being
free, an audio fr equency driving unit for said
diaphragm including a SmUIe thin strip of
light weight current conducting material rig-
idly secured to the diaphragm in a plane sub-
stantially at a right angle to the plane of the
diaphragm and to the direction of tension in
the diaphragm, said means being located sub-
stantially midway between the supported
edges of the diaphragm, and means for elec-
tncally cnergizing said strip of conducting
material whereby throuﬂhout its length it im-
parts motion umformly directly to the dia-
phragm along the line of attachment thereto,
said dmplnagm having an area and an in-
ternal viscosity of material such that the
sound generating surface thereof is limited
to a central area adjacent to said conducting

strip.
CARLETON D. HAIGIS.
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