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The invention relates to a loud speaker or sound
reproducer which transforms electrical oscilla-
tions or vibrations into sound vibrations. Par-
ticularly it relates to a loud speaker having a
double section cone for high and low frequen-
cies and the frame of the motor is shaped with
a horn contour for the high- frequency section
of the cone.

It is an object of the invention to construct a
loud speaker having a cone diaphragm or a por-
tion of a diaphragm for low frequencies and a
smaller diaphragm. or portion for higher ifre-
quencies with a driving motor located within the
cone of the low frequency portion and the frame
of the motor means shaped so that it forms a
horn for the high frequency sounds emitted from
the smaller diaphragm.

Another object of the invention is to construct
a loud speaker having a large conical diaphragm

and a smaller diaphragm connected therewith
in which the driving motor means is connected
with the smaller diaphragm and with the inner
surface of the larger conical diaphragm as well
as the outer surface of the driving motor means
or its magnet being shaped to form a horn or
throat construction for high frequencies emit-
ted from the smaller diaphragm.

A still further object is to construct a loud
speaker having a large conical diaphragm hav-
ing a smaller diaphragm connected therewith
and with a driving motor means located within
the larger conical diaphragm, the driving motfor
means or its magnet means having a passage
through its center shaped to form a horn for
the high frequency vibrations emitted from the
smaller diaphragm:

Another object of the invention is to construct
a loud speaker providing a double horn for the
high frequencies.

Other objects of the invention will be more
apparent from the following description when
taken in connection with the accompamyincr
drawings illustrating preferred embodlments cof
the invention in which:

Figure 1 is a longitudinal sectmn through a loud
speaker with a horn throat formed between the
motor frame and the larger portlon of the cone
of the diaphragm.

PFigure 2 is a longitudinal section through an-
other form of loud speaker in which the horn
throat is through the center of the driving motor
frame.

Figure 3 is a section through a third form of
loud speaker having a double horn construction
comprising that of Pigures 1 and 2.

-It is known that a horn improves the fidelity,
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particularly of high frequency waves emitted
from a vibrating diaphragm. A satisfactory
method of obtaining this result with the cus-
tomary loud speakers has not heretofore been
devised and at the same time producing a com-
pact loud speaker as well as a simple method of
achieving the above expressed result.

The loud speaker shown in Figure 1 includes
an inner frame 180 which may be of spider or
open conformation so that the sound vibrations
generated by the diaphragm may be projected
rearwardly of the cone. The frame 18 carries
a rim {{ to which is secured the outer periphery
of a conical diaphragm 2. Preferably the
diaphragm has a compliance connection 13 be-

" tween the cone proper and its periphery which
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is secured to the rim {1. The conical diaphragm
is curved convex inwardly, that is, the inner sur-
face is convex in conformation to form the outer
wall of a conical horn.

A smaller diaphragm {6 has its outer periphery
connected with the inner periphery of the larger
portions of the conical diaphragm 12 through a
compliance connection 7. The smaller dia-
phragm may be an inverted cone, that is its
conical direction is the reverse of the conical di-
rection of the larger portion of the diaphragm
12. The inner diameter of the smaller portion
of the diaphragm carries a tubular extension 18
which carries a voice coil 19.

The frame 0 carries an outer spider or open
frame 22 at the front edge thereof to which is
secured & driving motor means 23. The magnet
frame thereof has its outer surface shaped so
as to form with the inner convex surface of the
large portion of the conical diaphragm {2, a horn
construction with an enlarged inner end between
the surface at the smaller portion of the dia-
phragm then curving together to form a throat
and thereafter the surface curve away from each
other. The driving motor means may carry the
usual magnet coils 24 or it may be a permanent
magnet. Any form of driving motor means may
be used so long as the shape of the frame is
such as to form a horn construction or con-
formation with the larger portion of the conical
diaphragm.

Tt is important that the voice coils be accurately
centered in the gap of the driving motor means.
This may be accomplished by providing a pin 27
in the end of the motor means, which pin carries
a supporting spring mounting 28 which is rela-
tively rigid radially but easily movable in an
axial direction, so that the vibrations of the dia-
phragm in response to the electrical vibrations
in-the voice coil are freely transmitted to the
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diaphragm. The supperting spring mounting is
secured af ifs outer periphery either to the outer
diameter of the smaller portion of the diaphragm
or to the inner diameter of the large portion
of the conical diaphragm, although the former
point of attachment is preferable since it removes
iromnm the support any inaccuracies which may
occur in the compliance coupling.

In operation the voice coil vibrates or operates
the tubular extension {8 which is secured to or
forms a part of & smaller diaphragm and vibrates
it. The compliance connection {7 permits the
entire diaphragm to vibrate to the lower fre-
quencies, whereas in the main the smaller di-
aphragm vibrates only to the higher frequen-
cies. 'The lower frequency vibrations are trans-
mitted directly forwardly or rearwardly from the
large conical diaphragm and the high frequency
vibrations are compressed in the horn throat
formed between the surface of the large conical
diaphragm and the cuter surface of the driving
motor mesns frame.  This improves the fidelity
of the high frequency vibrations, giving them a
wider distribution angle, and also dampens any
spurious vibrations generated in the diaphragm
as well as improving the acoustical efficiency.
It will he noted therefore that the low frequency
vibrations are generated and emitted in the cus-
tomary manner from the large conical diaphragm
whereas the higher frequencies are generated by
a. small diaphragm within a sound chamber of
a horn construction with its resultant greater
figelity. The rear of the loud speaker may bLe
constructed in the usual fashion with infinite
kaflle or folded horn construction, or other known
loud speaker designs. :

Pigure 2 illustrates another form of the con-
struction: in which a center passage through the
driving motor or its magnet is shaped to form
a horn construstionr for the high freguencies
emitted from the high frequency portion of the
diaphragm. In this construction.a frame 22 is
provided to. which a large conical poriion 33 of
a diaphragm: is secured at its ouber periphery.
The. diaphragm hasg 2. central portion 34 which
is: connected: to the: large conical portion of the
diaphragm: through a. suitable compliance. con-
nection: 25.

An open grill or spider 38 is secured to the
frame 22 to. which is secured a driving motor
means 3§ which is-largely the magnet structure.
The motor means: may be a permanent magnet
or may. carry windings to produce the magnetic
flux gcross the pole gap. A center passage 48
extends through the driving motor means or its
magnet and is shaped in the form of a horn with
an enlarged chamber at the center or high fre-
quency portion 3% of the diaphragm which nar-
rows to a throat and then enlarges again: The
diaphragm carries a tubular extension 4! upon
which is wound the voice coil 42 for vibrating the
whole diaphragm in sccordance with the elec-
trical oscillations carried by the voice coil. The
voice coil; as is well known, is provided within
the gap of the masznet 28 of the driving motor
means.

The high. frequency electrical oscillations vi-
brate the voice coil and the center portion 34 of
the diaphragm thereby converting the electrical
oscillations into sound vibrations which are emit-
ted therefrom, and pass through the horn formed
by the center passage 248 0of the driving motor
means. Low f{requency oscillations of the voice
coil are- transmitted through:the compliance 25
and vibrate the larger conical portion-33 of the
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diaphragm which are projected forwardly of
rearwardly in known loud speaker fashion.

Figure 3 illustrates a form of the invention
which combines the structures of Figures 1 and 2.
In this construction an open frame 43 is provided
to which the outer periphery of the larger conical
portion #% of a2 diaphragm is secured. This
larger portion of the diaphragm is shaped convex
inwardly similar to the diaphragm 12 of Figure 1
and the curvature corresponds with the eurva-
ture of conical horn. Thé diaphragm hags also
a smaller center portion 48 which is secured to
the large portion 47 thiough a compliance con-
nection 49. The smaller diaphragm 48 is an in-
verse cone with respect to the cone 47 and hence
is similar to the small diaphragm 18 of Figure 1.
In the construction of Figure 3, however, a cen-
ter portion 59 is also provided. The diaphragm
carries a tubular extension 51 which carries the
usual voice coil 52. ‘

The outer periphery of the diaphragm portion
48 may be supported by a spring spider 55 which
is secured to the fraine by a screw 5§ in known
fashion. This spider gives support in.a radial
direction yet permits a maximum of freedom in
an axial direction so that the tubular extension
B{ and the diaphragm may vibrate freely. The
main frame 46 has an open frame 52 secured
thereto which carries a driving motor means 60;
the magnet of which has a center passage 6
shaped to form a horn with & chamber at the
diaphragm which narrows to a throat and then
increases in diameter. The portion 47 of the dia-
phragm is convex inwardly and shaped so that it
forms the outer wall of a conical horn. The
outer surface 82 of the driving motor means is
2lso shaped to form.the other or inner wall or
surface of a conical horn in cooperaticn with the
inner surface of the diaphragm 471.

High frequeney oscillations of the voice coil and
the extension 5 will be transmitted to the cen-
tral portion §0° of the diaphragm. and the in-
verted conical portion 48. These high frequency
vibrations will not pass through the compliance

48 to any substantial exient. The sound. waves

emitted from the' diaphragm. portion 48 pass
through the: conical Horn formed. between the
inner convex surface of the: diaphragm portion
4T and the outer convex surface 82 of the driving
motor means, which together forin a. conical
horn consiruction.. . High' frequencly sounds
emitted or generated by the diaphragm portion
B9 pass through the horn structure formed by the
inner passage €i of the driving motor means,
Low frequency oscillations of the voice coil vibrate
the diaphragm portions 48 and' 50 which low
frequency vibrations are transmitted: through the
compliance 49 so that the whole diaphragm A&7
vibrates at fthe low freguencies and emits low
notes or tones in the usuel Tashion from. the
diaphragm.

The-loud speakers described may be secured:
at their outer periphery to the customary hous-
ing or box' which may be vrovided with an in-
finite bafle: construction” or other known Iloud
speaker acoustical amplifiers. The  construc.
flon of the loud speaker described not only utilizes
the drivihg motor as a horn construction,; but,
compactness is alsog achieved in that the driving
motor is within the confines of the diaphragm
and does not project rearwardly from the-loud:
speaker as in the-customary mounting therefor.

This invention is' presented to Aill a need for

improvements in a loud speaker. Itis understood:

that various modifications in structure, as: well
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as changes in mode of operation, assembly, and
manner of use, may and oiten do occur to those
skilled in the art, especiaily after benefiting from
the teachings of an invention. Hence, it will be
understood that this disclosure is illustrative of
preferred means of embodying the invention in
useful form by explaining the construction, op-~
eration and advantages thereof.

What is claimed is:

1. A loud speaker comprising a frame, a large
conical diaphragm secured ab ifg outer periphery
to the frame, a smaller diaphragm, a compliance
coupling connecting the outer ecircumference of
the smaller diaphragm to the inner circumfer-
ence of the large conical diaphragm, a driving
motor means having a voice coil connected with
the smaller diaphragm, the driving means being
located within the large conical diaphragm, and
the driving means having a surface shaged to
form at least part of a horn for the high fre-
quency sound waves emitted from the smaller
diaphragm with an air chamber in front of the
smaller diaphragm merging into a hora throat
and thereafter an enlargsd diamster.

2. A loud speaker comprising a irame, a large
conical diaphragm secured at its outer periphery
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to the frame, a smaller diaphragm inverted with -

respect to the larger diaphragm, a compliance
coupling connecting the outer circumference of
the smaller diaphragm to the inner circumfer-
ence of the large conical diaphragm, a driving
motor means having a voice coil connected with
the smaller diaphragm, the driving motor means
being located within the larger conical dia-
phragm, and the driving motor means having a
surface shaped to form at least part of a horn
for the high frequency sound waves emitted from
the smaller diaphragm with an air chamber in
front of the smaller diaphragm merging into a
horn throat and thereafter an enlarged diameter.

3. A loud speaker comprising a frame, a large
conical diaphragm secured at its outer periphery
to the frame, the large conical diaphragm having
its inner surface shaped at different angles, a
smaller diaphragm, a compliance connecting the
outer circumference of the smaller diaphragm to
the inner circumference of the larger conical
diaphragm, a driving means having a voice coil
connected with the inner circumference of the
smaller diaphragm, the driving means being
located within the large conical diaphragm, the
driving means having its outer surface shaped
with respect to the large conical diaphragm to
form therewith a horn for the higher frequency
sound waves emitted from the smaller diaphragm
with a chamber at the smaller diameter merging
into a horn throat between the larger diaphragm
and the outer surface of the driving means.

4, A loud speaker comprising a frame, a large
cone secured at its outer periphery to the frame,
the large cone having its inner surface shaped
so that its angle is less at the smaller diameter
than at the larger diameter, a smaller cone in-
verted with respect to the larger cone, a com-
pliance securing the outer circumference of the
smaller cone to the inner circumference of the
larger cone, a driving means carried by the
frame and connected with the inner circumfer-
ence of the inverted cone, the driving means
being located within the large cone, and the driv-
ing means having its outer surface shaped with
respect to the large cone to form a horn for the
higher frequency sound waves emitted from the
inverted cone with a sound chamber in front of
the smaller cone merging into a horn throat be-
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tween the large cone and the outer surface of the
driving motor and thereafter an enlarged di-
ameter.

5. A loud speaker comprising a frame, a large
cone secured at its ouber periphery to the frame,
the large cone having its inner surface curved
convex inwardly, a smaller cone inverted with
respect to the larger cone, g compliance securing
the outer circumference of the smaller cone to
the inner circumference of the large cone, a
driving motor means connected with the inner
circumference of the inverted cone, the driving
motor means being located within the large
cone, and the driving motor means having its
outer surface curved convex outwardly to form a
horn for the higher frequency sound waves
emitted from the inverted cone with a2 sound
chamber in front of the smalier cone and 5 horn
throat between the large cone and the ocuter sur-
face of the driving means expanding into a larger
diameter.

6. A loud speaker comprising a frame, a large
conical diaphragm secured at its outer periphery
to the frame, a smaller diaphragm, a compliance
coupling connecting the outer circumference of
the smaller diaphragm to the inner circum-
ference of the large conical diaphragm, a driv-
ing motor means having a voice coil connected
with the smaller diaphragm, the driving motor
means being located within the larger conical
diaphragm, and the driving motor means hav-
ing a central passage therethrough forming a
horn for the high frequency sound waves emitted
from the smaller diaphragm with an air chamber

5 In front of the smaller diaphragm merging into

a horn throat and thereafter gradually increas-
ing in diameter.

7. A loud speaker comprising a frame, a large
conical diaphragm secured at its outer periphery
to the frame, the large conical diaphragm hav-
ing its inner surface curved convex inwardly, a
smaller conical diaphragm having a central
portion, a compliance coupling connecting the
outer circumference of the smaller conical dia-
phragm to the inner circumference of the large
conical diaphragm, g driving motor means hav-
ing g voice coil connected with the smaller dia-
phragm, the driving motor means being located
within the larger conical diaphragm, and the
driving motor means having its outer surface
shaped to form a conical horn with the larger
diaphragm for the high frequency sound waves
emitted from the smaller diaphragm with an
air chamber in front of the smaller conical dia- -
phragm merging into a horn throat and there-
after enlarging, and a central passage through
the driving motor means shaped to form a horn
for the sound waves emitted from the central
portion of the smaller diaphragm.,
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