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10 Claims.

This invention relates to devices for distribut-
ing and collecting acoustic waves and more par-
ticularly to the type employing reflecting sur-
faces.

Tn certain types of sound distributing devices
espacially those using horns to generate and am-
plify sound waves, undesirakle directional char-
aqcteristics are ohtained in which the sound is
concentrated substantially along the axis of the
horn.

In order to widen the angle at which the sound
would be projected, it has hitherto been neces-
sary to utilize a plurality of such horn units in
a cluster, each angularly displaced from the
other.

T4 is an okject of this invention to provide 2
simple and inexpensive means whersby a single
horn unit would provide & gufficiently large an-
gle of coverage.

TIn acoustic devices of the horn type, the more
intense portion of the projected energy is con-
centrated in a substantially narrow beam and
the remaining, weaker portion of the energy is
located at the periphery of the beam.

Tt is another object of this invention to pro-
vide a means whereby the intense portion of the
acoustic beam may be separated from the weaker
portion and both superposed over & substantial-
1y wide angle, thus modifying the concentrated
peam and providing substantially uniform sound
intensity over the entire angle of coverage.

Tn devices for receiving acoustic 'waves, €S-
pecially those employing microphones with high-
1y directional characteristics, it is sometimes de-
sirable to receive sound waves from a substan-
tially wide area.

1t is a further ohject of this jnvention to pro-
vide a means to collect acoustic waves from a
wide area and to refiect the said waves in a sub-
stantially narrow beam to a microphone.

A feature of this invention resides in that any
predetermined angle may be covered with a uni-
form sound intensity. .

Other objects and features will become ab-
parent from the following deseription and the
accompanying drawings in which like numerals
indicate similar parts and in which:

Fig. 1 is a diagram of the geomstrical relation-
ships involved in reflectors having a simple
curved surface.

Fig. 2 is a diagram of the geometrical relation-
ships involved in reflectors having a surface of
multiple curvature.

Fig, 3 is a partly sectional view of an embodi-
ment of this invention utilizing & reflector of
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simple curvature for the distribution of sound
waves from an acoustic horn.

Pig, 4 is a side clevation of another embodi-
ment wherein the reflector collects sound waves
from & substantially wide area ond redirects it
to a microphone.

Fig. 5 is a cross section through another em-
bodiment of the present invention utilizing a re-
flector of multiple curvature for distributing
sound waves from an acoustic horn.

TFig. 6 is a view of the face of a reflector, in
another embodiment of the present invention,
wherein the distribution pattern of the reflector
may be adjusted to conform to the physical di-
mensions of the area to be covered.

In its simplest embodiment, the invention com-
prises a reflector, in the form of a convex hyper-
poloid of revolution, and an acoustic device such
as an acoustic horn or a microphone at its ex-
ternal focus. ANy acoustic ray following a path
radial to the external focus of the reflector and
jmpinging upon the reflector, will he reflected in
g, direction radial to the internal focus of the
reflector and vice Versa. Thus, although the
source of sound waves ig at the external focus,
the ultimate directicn of the waves will be such
that the source would appear to be at the inter-
nal focus.

In another embodiment, the reflector is made
up of a plurality of convex hyperbeloids, each
having separate internal foci and a comMmOon eX-
ternal focus and each disposed to intercept a
portion of the rays emanating from the external
focal point and to reflect its portion over a pre-
determined angle s0 that the reflected rays from
all of the hyperboloids are superposed substan-
tially over the same area.

In another embodiment, the reflector is formed
with a plane surface surrounding the hyperboloid
rings so as to bafie and absorb or reflect stray
rays at the periphery of the acoustic beam ema-
nating from the horn.

In Fig. 1, the reflector i ig a convex hyper-
poloid of revolution about the axis AB. The hy-
perboloid has an external focal point A and an
internal focal point B. Any acoustic ray or pen-
cil of rays emanating from a radiator at point A
and impinging on the veflector | at any point C
will be reflected in a direction CD radially from
point B as though the radiator were positioned
at B.

Conversely; any ray appreaching the reflector
in a direction DB, radial to the internal focal
point B, and impinging upon the reflector 1 at
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any point C, will be
focal point A.

When the radiator is an acoustic horn posi-
tioned at point A, with the mouth of the horn
directed toward the internal foecal point B, a
small area on the surface of the reflector |
substantially at the axis of the system will re-
flect some of the waves back into the mouth of
the horn, broducing a condition of standing
waves at certain frequencies.

To obviate this condition, a conical boss 2 is
formed on the hyperbolic surface at the axis of
the reflector I, with its apex directed toward the
external focus A.

The angle of distribution ABD of the reflector
is controlled by the extent of the reflector |
which in turn is determined by the beam angle
BAC of the horn. Thus, if angle BAC is the an-
gular extent of the beam from the horn, the re-
flector | may be cut off at C and the distribu-
tion angle ABD will include ray CD as the ex-
treme ray.

In Fig. 2 the acoustic beam from a radiator
positioned at the external focal point A iz sepa-
rated into a plurality of angular portions having
varying intensities of sound. The most intense
portion, included in the angle BAC, is intercept-
ed by the portion of the reflector ! which is g
simple hyperboloid of revolution as described in
Fig. 1.

The next adjacent pbortion of the acoustic
beam, included within the angle CAF, is inter-
cepted by the portion of the reflector 1! which is
a surface generated by revolving about the axis
AB a hyperbolg having its external focus at
point A and its interna] focus at point E. In
revolving the hyperbola 11, the internal focal
point E is also revolved, generating a circle:
which lies in a plane perpendicular to the axig
AB.

Any sound waves which leave point A, within
the angle CAF, will be intercepted by the portion

reflected toward the external

of the reflector 11 and reflected over the angle-

AEG as though the radiator were along the cir-
cumference of a circle generated by revolving
the external foca] point E about the axis AB.

The sound waves which are reflected from the
portions | and (i of the reflector are substan-
tially superposed.

The ray AF wag designated, for the burpose of

this description, as the extreme ray of the acous-
tic beam of the horn, However, the edge of the
beam may not be so shairply defined and some
stray rays may be projected from the horn out-
side of this ray. To utilize this stray energy,
the portion of the reflector 11! may be made
curved as in the portion (1 Oor may he a plane
surface as designated in Fig. 2. In any case, this
portion [il of the reflector is intended to bafie
the sound waves emanating from the horn so
that no waves will continue to the back of the
reflector.

In this embodiment, there are several areas on
the reflector such as at points O and C which
will reflect some sound waves back into the
meouth of the horn, thus producing a condition
of standing waves at certain frequencies.

To obviate thig condition, a conical boss 2
is formed on the hyperbolic surface i at the axis,
with its apex directed toward the external focal
point A.

At point C, the hyperbolic curve {1 is distorted
slightly so ‘as to direct itg reflected energy away
from the mouth of the horn.

It will be seen from the diagrams of Figs. 1 and
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2 that this system is very flexible and that the
optimal dimensions may be selected for greatest
efficiency and the reflector shaped to conform.

In Fig. 3, the acoustic horn 3 is attached to
the reflector 1 by means of the supports 4. The
reflector 1 is a hyperboloid of revolution. The
acoustic waves emanating from the horn 3 are
reflected over g substantially wide angle in ac-
cordance with the principles described in Fig. 2.
The boss 2 is disposed to prevent the condition
of standing waves,

In Fig. 4 the reflector segments { and i are
attached to g microphone 5 by means of sup-
borts 4. Sound waves impinging on the reflector
segments | and I wil]l be directed to the micro-
phone in a substantially narrow beam in accord-
ance with the geometry developed in Fig. 2, For
the receiving of sound waves, no boss is re-
quired at the axis of the hyperboloids, since no
condition of standing waves will occur.

In Fig. 5, the horn 3 is attached, by means of
the supports 4, to a reflector having a plurality
of convex surfaceg | and [l and a plane portion
{4{. The boss 2 is provided to brevent the condi-
tion of standing waveg between the reflector and
the horn, in accordance with the geometry de-
veloped in Fig. 2.

In some forms of the present invention it is
desirable to construct the various convex por-
to make them readily de-
tachable and adjustable. This will allow the
diameter of the reflector to be matched to the
beam widths of several different horns. It will
also allow of standardizing the construction to
several prefabricated sections which may be com-
bined for a large variety of conditions.

The supports 4 are made adjustable by means
of the adjusting screw and nut T and the slot 6.

When the present invention is used with an
acoustic horn in an enclosed room of rectangu-
lar or oblong shape, it is sometimes desirable to
make the angle of coverage, ABD and AEG of
Figs. 1 and 2, to correspond to the linear dimen-
sions of the room.,

To accomplish this, the reflector may be made
up of angular laminations, each segment being
designed with its appropriate angle of coverage,

In Fig. 6, the face of the refiector is divided
into a plurality of angular sectors, such as XO0vY,
each sector having a portion of a central convex
reflector I, and g Portion of an annular convex
reflector i1, All of the convex reflectors have
& common focal point forward of the face of the
reflector. Each reflector is hyperbolic in any

 meridianal section in accordance with the geome-
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try developed in Fig. 2. The sectors are held to-
gether by means of straps and screws 9.

The reflector may also be constructed so that

medium will be equally applicable to the others.
It follows that the present invention, with minor
modifications as to materia]
surface, may he utilized with
any of the media,

I wish it distinetly understood that, although
this device hag been described as formed by gen-
erating a surface from the conic sections, ap-
broximate results may be obtained which will
differ but little from the exact geometry here
disclosed by forming the varioug reflecting sur-
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faces from their approzimate spheroidal or ovate
counterparts.

Furthermore, while I have particularly de-
seribed the simplest elements adapted to perform
the functions set forth, it is obvious that they
could be subject to modifications, and various
changes in form, proportion and in minor de-
tails of construction may be resorted to without
departing from the spirit or sacrificing any of
the principles of the invention.

What I claim is:

1. An acoustic device comprising a convex re-
flector and acoustic translating means; the said
reflector being hyperbolic in any meridianal sec-
tion and having a focal point forward of the con-
vex surface of the said reflector; the acoustic
translating means being positioned substantially
at the focal point of the said reflector and di-
rected toward the convex surface of the said
reflector.

9. An acoustic device comprising 2 reflector
and acoustic generating means; the said reflector
comprising a plurality of concentric convex Tre-
flecting surfaces with a common focal point; the
said acoustic generating means being positioned
substantially at the common focal point of the
reflecting system and directed toward the said
convex reflecting surfaces.

3. An acoustic device comprising 2 reflector
and acoustic generating means; the said reflector
comprising a plurality of concentric convex re-
flecting surfaces with a common focal point, each
of the said reflecting surfaces being hyperbolic
in any meridianal section; the said acoustic gen-
erating means being positioned substantially at
the common foeal point of the reflecting system
and directed toward the said convex reflecting
surfaces.

4. An acoustic device comprising a reflector
and acoustic generating means; the said reflector
comprising a plurality of concentric convex re-
flecting surfaces with a common focal point for-
ward of the said convex surfaces, the said
acoustic generating means being positioned sub-
stantially at the focal point of the said reflector
and directed toward the convex surface of the
said reflector.

5. An acoustic device comprising a reflector,
an acoustic bafie and acoustic generating means;
the said reflector comprising a plurality of con-
cenfric convex reflecting surfaces with a common
focal point, each of the said reflecting surfaces
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being hyperbolic in any meridianal section; the
said acoustic baffle being positioned circumia-
cent to said concentric reflectors; the said
acoustic generating means being positioned sub-
stantially at the common focal point of the re-
flecting system and directed toward the said con-
vex reflecting surfaces.

6. An acoustic device comprising a reflector
and acoustic generating means; the said reflector
comprising a plurality of concentric convex re-
flecting surfaces with a common focal point; the
central convex reflecting surface being provided
with a centrally positioned conical boss with its
apex directed toward the said acoustic generat-
ing means; the said acoustic generating means
peing positioned substantially at the common
focal point of the reflecting system and directed
toward the said convex reflecting surfaces.

7. An acoustic device comprising a reflector
and acoustic generating means; the said reflector
comprising a plurality of concentric convex re-
flecting surfaces with a common focal point; the
said acoustic generating means peing adjustably
positioned forward of the reflecting system and
directed toward the said convex reflecting sur-
faces.

8. An acoustic device comprising a reflector
and acoustic generating means; the said reflector
comprising a plurality of separable concentric
convex reflectors with a common focal point, the
said acoustic generating means being positioned
substantially at the common focal point of the
reflecting system and directed toward the said
convex reflectors.

9. An acoustic device comprising a reflecting
system and acoustic generating means; the said
reflector comprising a plurality of sectors, each
of said sectors comprising a plurality of sectors
of concentric convex reflecting surfaces, all of
the said reflecting surfaces having a common
focal point; the acoustic generating means being
positioned substantially at the common focal
point and directed toward the said convex re-
flecting surfaces.

10. Tn an acoustic device, a reflector compris-
ing a plurality of concentric convex reflecting
surfaces with a common focal point forward of
the said convex surfaces, each of the said re-
flecting surfaces being hyperbolic in any merid-
ianal section.

ALEXANDER 1. ABRAHAMS.




