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This invention relates to acoustic devices for
the reproduction of sound.
An object of the invention is to devise a sound
reproducer having high efficiency on: frequencies
5 over the complete audio band.
~A further object of the invention is to devise
an improved sound chamber for associating a
vibrating diaphragm with a sound projector.
- A further object of the invention is to devise
10 an improved structure for a vibrating diaphragm
and driving means therefor.
In accomplishing the objects of our invention,
we have devised a sound reproducer employing a
diaphragm in which sound vibrations at certain
15 frequencies are reproduced principally by vibra-
tion -of a limited portion of the vibrating dia-
phragm, and other frequencies are reproduced
principally by vibration of the diaphragm as a
whole. Separate sound chambers are provided
20 for transmitting the vibrations from the different
areas of the diaphragm.
~ In the structure which we have devised, the
vibrating element comprises a novel diaphragm
having a relatively stiff or rigid central portion
25 and a flexible peripheral portion, the diaphragm
being associated with a novel sound chamber
structure leading to a horn or sound projector.
In prior structures employing vibrating elements
the driving connection has been made either to
30 the center of the diaphragm or to the periphery
of the stiffened central portion. The center drive
emphasizes the high frequencies at the expense
of the low, and the peripheral drive is objection-
able in that the entire diaphragm, including the
85 driving coil or connection, must vibrate to give
the highest frequency desired. In our structure,
the driving force is applied at a point or points
within the periphery of the stiffened central por-
tion, with the result that we secure the benefits
40 of both methods of driving and obtain very high
efficiency. In our invention, the entire diaphragm
is vibrated substantially only on frequencies below
a certain point, and frequencies above this point
are reproduced principally by vibration of a por-
45 tion of the diaphragm less than the whole, and
more especially the stiffened portion of the dia-
phragm within and near the driving connections,
the movements necessary to reproduce the high
frequencies being too rapid to set the entire dia-
50 phragm into motion of sufficient amplitude to pro-
duce sound of satisfactory voiume. Since there
is a tendency for the high frequencies to be ab-
sorbed in a sound chamber of sufficient size to
efficiently transmit low frequencies from the en-
‘55 tire diaphragm, we provide an inner sound cham-

(Cl, 181—31)

ber for transmitting these high frequency vibra-
tions into the mouth of the horn. Around the
inner sound chamber we provide a second sound
chamber concentric with the first which serves to
conduct the vibrations originating from the pe-
ripheral edge of the stiffened portion and from
the flexible periphery of the diaphragm to the
mouth of the horn.

This invention is an improvement on our in-
vention described and claimed in our prior ap-
plication filed September 10, 1929, which discloses
an electro-dynamic type loud speaker employing
a vibrating diaphragm of the same general type
as disclosed in this application, but wherein the
domed part of the diaphragm projects into a sound
chamber forming a single sound passage of in-
creasing cross-sectional area leading from the pe-
riphery of the vibrating diaphragm to the tip of
the domed central portion and into the mouth
of the horn. :

Our invention is illustrated in the accompany-
ing drawing in which:

- Figure-1 is a sectional view illustrating a loud
speaker structure embodying the features of our
invention;

Figure 2 is a fragmentary view illustrating a
modification of the structure shown in Figure 1;

Figure 3 is a back view of the vibrating dia-
phragm assembly;

Figure 4 is an enlarged view of the driving
coil with parts shown in section; and

Figure 5 is an enlarged fragmentary view illus-
trating the manner in which the ends of the
driving coil are secured.

Referring to Figure 1, the loud speaker which
we have devised is of the electrodynamic type and
comprises a cylindrical casing or pot A of mag-
netic material, such for example, as steel, con-
taining an annular magnetizing winding B, and
having an annular pole piece C secured to the
periphery of its open end. A hollow core mem-
ber A’ projects from the bottom of pot A and
its upper end D forms a central pole piece within
the annular pole piece C, leaving an annular air
gap between the two pole pieces. A driving coil
E mounted upon a circular diaphragm F is sus-
pended in the annular air gap formed between
the pole pieces C and D. The vibrating dia-
phragm F is clamped at its periphery between
rings Cl and C2 by suitable clamping screws
C3 passing through the pole piece C and through
the rings Cl and C2 into a cap member or
housing G surmounting the vibrating diaphragm
F.  Located within housing G is an annular
member H arranged concentric with the domed

65

70

75

80

85

95

100

105

110



[[Trr—

10

15

20

25

30

35

40

45

50

55

60

7¢

76

2 : 1,962,374

central portion of the diaphragm F and concen-
tric with the threaded outlet Ga. This annular
member may be formed separately from the hous-
ing G and supported therein by radial pins or
other means, or it may be formed integral with
the housing and supported by radial fins or par-
titions. One method of supporting the annular
member H is illustrated in Figure 1, wherein
three or more equally spaced radial fins H'
formed integral with the member H are provided
for centering the annular member with respect
to the housing G, and a small pin H'’ is passed
through each fin H’ to secure the annular mem-
ber in proper position. Only one fin is shown
in cross-section in Figure 1. The width of the
fins is made as small as possible and only slightly
exceeds the diameter of the pin H''.

The details of the diaphragm F are illustrated
in Figures 1 and 3. The central portion of the
diaphragm is domed or convex in shape and
is provided with a pronounced tip or protrusion
Fa at its center. The domed part of the dia-
phragm comprises an annular section Fb and a
central circular section F¢ connected together by
an intermediate annular section Fd. Surround-
ing the convex portion of the diaphragm is an
annular section Fe corrugated with curved cor-
rugations in the manner shown in Figure 3. The
corrugations are preferably arcuate in shape,
whereby section Fe is stiffened, and bending of
the diaphragm takes place only at the outer and
inner peripheries of the corrugated section. This
structure avoids any ripples which would other-
wise be produced in section Fe if this area were
not stiffened. The driving coil E is supported
upon a cylinder of very thin insulating material
indicated at L, which in turn is cemented at one
end to the diaphragm F by suitable cement ap-
plied between the outside of the cylinder and
the domed portion of the diaphragm. We prefer
to make the cylinder L. of such diameter that
it will be attached to the diaphragm F on a circle
at which the pressure exerted on the diaphragm
within the circle during operation is equal to the
pressure exerted on the diaphragm outside of the
circle. In this manner the driving coil is attached
at points at which there is mechanical balance,
and there will be no tendency for the diaphragm
to see-saw about the points of attachment. Out-
side of the corrugated section Fe is a flat pe-
ripheral section Fg by which the diaphragm is
clamped between clamping rings C1 and C2. The
flat peripheral section Fg is provided with a
number of holes Fh for receiving clamping screws
C3, and a pair of notches Fi to facilitate bringing
out the leads of the driving coil E to two insu-
lated binding posts N (only one shown) mounted
upon housing G (see Fig. 1). The diaphragm is
preéferably stamped by dies from a very thin
sheet of light metal, such as duralumin.

Driving coil E is wound of fine copper wire and
consists of two layers, one layer supported upon
the inside of insulating cylinder L and the other
layer supported on the outside of this cylinder.
This arrangement is formed by first winding the
inside layer directly upon a collapsible mandrel
and then the insulating cylinder is placed over
this layer and cemented to the turns thereof by
any suitable cement. The winding is then con-
tinued upon the outside of the cylinder to form
the second layer of the coil. The second layer
may be secured to the cylinder by suitably coating
the outside with cement before winding on the
layer. The collapsible mandrel is then with-
drawn, leaving the two layers of wire permanently

cemented to the insulating cylinder L. In Figure
4, Ea indicates the inside layer of the winding
coil and Eb indicates the outside layer. The cyl-
inder L may be cut from cylindrical stock material
of proper diameter and thickness of wall, or it
may be formed by bending a thin sheet of parch-
ment paper of proper thickness into cylindrical
form with the ends abutting, or the cylinder may
be formed by winding directly upon the first layer
of the winding a number of supsrimposed turns
or layers of very thin paper to give the required
thickness of wall for the supporting cylinder, the
turns being cemented together during the process
of winding. The ends of the winding are pref-
erably terminated on opposite sides of the coil,
and each end is passed through two holes La and
Lb formed in the supporting cylinder, as shown
in Figure 5, to secure the ends of the winding
against unraveling. Slits Le and Ld may be cut
in the edge of the cylinder L leading to the holes
La and Lb, respectively, to facilitate inserting
the wire in the holes. If desired, the holes L&
and Lb may be omitted, and the ends of the wind-
ing suitably anchored by inserting the wire in
the slits Lc and Ld. Each end of winding is pro-
vided with flexible stranded terminal conductors
indicated at Ee, these conductors being formed
of a large number of fine strands of wire twisted
together, making up a size of wire sufficient to
carry the necessary current for operating the
coil E. This provides a flexible connection to the
coil on the diaphragm which will not break by
reason of crystallization caused by violent vibra-
tions of the diaphragm as would be the case if
a solid wire were used for this purpose. The flex-
ible lead conductors Ec lead away from the coil
along the bottoms of two corrugations on oppo-
site sides of the diaphragm, with thin pieces of
insulating material Ed, such as paper, inserted
between the leads and the diaphragm. The
strips of paper Ed are cemented to the diaphragm
and the leads Ec are cemented to the paper and
to the diaphragm by a coating of suitable cement,
which also serves to insulate the conductors.

It will be seen that by winding the driving coil
as a continuous winding in the manner just de-
scribed with two layers, one supported upon the
inside and the other upon the cutside of a sup-
porting cylinder, the two ends of the coil termi-
nate at the same end of the coil, which greatly
facilitates bringing out the terminal conductors
to suitable binding posts.  We prefer to wind the
coil so that the ends of the winding terminate ad-
jacent the end of the cylinder by which it is at-
tached to the diaphragm, although it is clear that
the ends may be brought out at the free end of
the cylinder, if desired.

As illustrated in Figure 1, the central circular
section F'c of the domed portion of the diaphragm
is set back or depressed with respect to the an-
nular section Fb by a distance substantially equal
to the width of the annular section Fd. The ar-
rangement is such that the annular section ¥d
substantially encircles the lower peripheral edge
of the annular member H, and the outer surface
of the annular member H is substantially a con-
tinuation of the surface of the domed section
Fb. By providing the depressed central section
Fc¢ in the domed part of the diaphragm, for co-
operation with the annular member H, the dia-
phragm is effectively divided into an annular pe-
ripheral section outside of the section Fd and a
circular central section within section Fd, the
two sections being substantially independent
acoustically, The clearance between the lower
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edge: of member H and the annular section Fd
is made as small as possible without causing. in-
terference with. the free vibration of the dia-
phragm. The inner contour-of housing G and
the outer contour of the annular member H, and
of sections Fb and Fe of the diaphragm, are
shaped to provide an annular sound passage Gb
of gradually increasing cross-section area for the
transmission of sound vibrations originating
from the corrugated peripheral section Fe and
the domed section Fb of the diaphragm. The in-
ner contour of annular member H is shaped with
respect to the outer contour of the domed sec-
tion Fc and the tip Fa of the diaphragm to pro-
vide a second sound passage Gc of gradually in-
creasing cross-sectional area for sound vibra-
tions produced by the central section of ‘the
domed part of the diaphragm. The two sound
passages are preferably formed ‘to: provide an
exponential increase in ares from the beginning
points of the passages to their outlets, however,
it is not essential that this exact relation be ob-
tained. The central tip Fa on”the ‘diaphragm
serves to eliminate the small air pocket™ which
would otherwise be formed in the passage Gec at
the center of the diaphragm. Such air pockets
have been found to absorb the energy of the high
frequency notes and substantially  impair the
transmission in the upper range -of the audible
scale. . The tip Fa serves to produce a gradual
change in direction of the sound waves as they
are concentrated from the annular section of the
sound passage to the circular section. It will
be seen that annular member H forms an aux-
iliary sound chamber within housing G providing
a separate sound passage leading from the periph-
ery of a central area of the domed part of the
diaphragm to the mouth of the outlet passage of
housing ‘G. Cap G and member H are prefer-
ably die cast from “white metal”, which presents
a very smooth and slick surface for the sound
passages and materially increases the efficiency
of transmission of the high frequency notes.
Sound passage Gc is designed for the efficient
transmission of high frequencies, whereas pas-
sage Gb is designed for the efficient transmission
of low frequencies, both passages, however, serv-
ing to transmit all frequencies to a limited ex-
tent. In effect, scund passage Gc constitutes a
short air column which emphasizes or brings out
the high frequencies. ’

The space within the hollow pole piece D may
be filled with loose fibrous material Da, such as
wool, to absorb the sound waves in the rear. of
the diaphragm, and prevent acoustic resonance
effects in this space. As an alternative, the pole
piece D may be made solid, or filled with solid
material, and the enclosed space between the
convexed portion of the diaphragm and the pole
piece D may be designed to produce the same
pressure against the underside of the diaphragm
as exists on the upper side during operation.
This space is substantially closed, except for the
small annular air gap existing between the coil
E and the pole piece: D. 'This equalization of
pressures produces equal loading on—each side
of the diaphragm and is materially effective in
eliminating distortion which would otherwise
oceur, i ) ’

A sound projector K is secured-to the mouth
of housing outlet Ga for receiving sound vibra-
tions from the annular passage Gb and from
the circular passage Ge, and for projecting the
sound in the desired direction. An alternative
structure is illustrated in Figure 2 in which the

3

sound passage Gc' is provided with a separate
horn Ka supported within the horn K. ' The
horn K@ may be longer or shorter than horn K,
or it may be omitted entirely as in Figure 1, in
which: case horn K serves as a projector for both
sound passages. :

Operation of the invention is as follows: The
magnetizing winding ‘B is energized with direct
current -from any suitable source connected to
the two coil terminals O (only one shown).
driving coil E is energized from a source of vary-
ing - electric -current which is to be reproduced
in:o sound vibrations. As is well understood by
those skilled in the art, the interaction between
the magnetic field set up by current flowing in
the driving coil E and the magnetic field induced
across the annular gap between poles C and D
causes. thediaphragm te vibrate in accordance

with variations of the electric current supplied to

the driving coil. For certain frequencies, the en-
tire-diaphragm, including the corrugated section
and: the entire domed portion, is effeciive "in
producing sound vibrations. Accordingly sound
waves of certain frequencies, principally the lower
frequencies, emanate from both sound passages
Gb.-and- Ge. For other frequencies, the domed
stiffened portion of the diaphragm within and
neayr the driving connection is principally effective
in producing sound vibrations. Since sound pas-
sage Gec is designed for the efficient transmission
of the high frequency vibrations this passage is
most effective in transmitting the high frequency
vibrations produced. The auxiliary sound cham-
ber formed by annular member H serves to pre-
vent cross-vibrations or interference at the center
of the diaphragm due {0 the concentration of the
sound waves atb this point from the surrounding
peripheral area of the diaphragm. The tip-Fa
on the diaphragm serves to prevent cross-vibra-
tions within the auxiliary sound chamber.

From the foregoing description, it will be seen

that we have devised a loud speaker employing a
vibrating diaphragm in which the diaphragm is
divided inte concentric areas, and separate sound
passages are provided for the different areas, each
portion of diaphragm and each sound chamber
possessing characteristics different from the other
and so designed that the combination of all gives
a very efficient response over practically the entire
spectrum, of audible frequencies.
- While we have shown coil E attached to the
domed section Fb, it is clear that it may be at-
tached to annular section Fd or to the peripheral
edge of the domed section Fe. It is also clear that
the domed portion of the diaphragm comprising
sections Fb and Fc may be formed as one con-
tinuous domed surface without section Fd, but
we prefer the construction illustrated in the
drawing.

It is apparent that many other changes in
detailed construction may be made without de-
parting from our invention in its broadest aspect.
It will also be understood by those skilled in the
art that the operation of our device is reversible,
and it may be used as a transmitter for convert-
ing sound vibrations into electric current varia-
tions.

We claim:

1. A sound reproducer comprising a housing

provided wi'h an outlet passage, a diaphragm-

mounted in said housing, means cooperating with
the vibrating portion of said diaphragm for form-
ing acoustically independent areas thereon, and
means within said housing for forming separate
sound passages leading from said independent
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areas of said diaphragm to the mouth of said
ou!let passage.

2. A sound reproducer comprising a housing
provided with an outlet passage, a diaphragm
mounted in said housing, said housing having a
plurality of concentric sound passages formed
therein leading from different areas of said dia-
phragm to the mouth of said outlet passage, and
means for rendering the different areas of the
vibrating diaphragm acoustically independen? of
each other.

3. A sound reproducer comprising a housing,
a diaphragm mounted therein, and a sound pro-
Jector secured thereto, said housing being pro-
vided with separate sound passages leading to
the mouth of said projector from different con-
centric areas of said diaphragm, and means for
rendering the different concentric areas of the
vibrating diaphragm acoustically’ independent of
each other. .

4. A sound reproducer comprising a housing,
a diaphragm mounted therein, and a sound pro-
jector secured thereto, said housing being pro-
vided with a plurality of separate concentric
sound passages leading to the mouth of said
projec.or from different areas of said diaphragm,
and an acoustic barrier arranged between the
different areas of said diaphragm to render said
areas acoustically independent of each other.” -

5. In a sound reproducer, a vibrating dia-
phragm comprising a domed central portion sur-
rounded by a flat peripheral portion, and driving
connections for said diaphragm secured to said
domed portion on the ccncave side thereof at
points lying on a circle intermediate the center
and the peripheral edge of said domed portion,
and a sound chamber arranged on the convex
gside of said diaphragm and extending over an
area encompassed by said driving connections.

6. A sound reproducer comprising a sound
chamber provided with an outlet passage, a dia-
phragm mounted in said sound chamber, the
wall of said sound chamber cooperating with said
diaphragm to form a sound passage of increas-
ing area leading from the periphery of said dia-
phragm to the mouth of said outlet passage, an
auxiliary sound chamber mounted within said
first mentioned sound chamber and cooperat-
ing with the surface of said diaphragm to form
a sound passage of increasing area leading from
points intermediate the center and the periphery
of the diaphragm towards the center of the dia-
phragm and to the mouth of the outlet open-
ing.

7. A sound reproducer comprising a sound
chamber provided with an outlet passage, a dia-
phragm mounted in said sound chamber, the
wall of said sound chamber cooperating with said
diaphragm to form a sound passage of increas-
ing cross-sectional area leading from the pe-
riphery of said diaphragm to the mouth of said
outlet passage, an auxiliary sound chamber
mounted within said first mentioned sound cham-
ber, and forming a separate sound passage lead-
ing from the periphery of a central area of said
diaphragm to the mouth of said outlet passage.

8. A sound reproducer comprising a housing
forming a sound chamber provided with an out-
let passage, a diaphragm mounted in said cham-
ber comprising a flexible peripheral portion and
a relatively stiff domed central portion projecting
into said housing, an auxiliary sound chamber
mounted in said housing and forming a.sound
passage leading from the central area of said

stiffened portion to the mouth of said outlet
passage.

9. A sound reproducer comprising a sound
chamber provided with an outlet passage, a dia-
phragm mounted in said chamber, an auxili-
ary. sound chamber mounted within said first
mentioned sound chamber over a central area of
said diaphragm, the inner surface of said first
sound chamber cooperating with the peripheral
area of said diaphragm, and the external surface
of sald auxiliary sound chamber to form a sound
passage of increasing cross-sectional area leading
from the periphery of said diaphragm to the
mouth of said outlet passage, and the inner sur-
face of said auxiliary sound chamber cooperat-
ing with the central area of said diaphragm to
form a separate sound passage of increasing area
leading from the periphery of said central area
to the mouth of said outlet passage.

10. A sound reproducer comprising a housing
forming a sound chamber provided with an out-
let passage, a diaphragm mounted in said cham-
ber comprising a flexible peripheral portion and
a relatively stiff domed central portion project-
ing into said housing, an auxiliary sound cham-
ber mounted in said housing and forming a
sound passage leading from the periphery of a
central area of said stiffened portion to the
mouth of said outlet passage, and driving means
for said diaphragm secured to said domed por-
tion at points substantially surrounding the cen-
tral area covered by said auxiliary sound cham-
ber.

11. A sound reproducer comprising a housing
forming a sound chamber provided with an out-
let passage, a diaphragm mounted in said cham-
ber comprising a flexible peripheral portion and
a domed central portion projecting into said
housing, an auxiliary sound chamber mounted
within said housing over a central area of said
domed portion, said elements cooperating to form
an annular sound passage of increasing area lead-
ing from the flexible periphery of said diaphragm
to the mouth of said outlet passage, and the aux-
iliary sound chamber cooperating with the cen-
tral area of said diaphragm to form a separate
sound passage of increasing area leading from
the periphery of said central area towards the
center thereof and to the mouth of said outlet
passage. -

12. A sound reproducer comprising a housing

forming a sound chamber provided with an out-
let passage, a diaphragm mounted in said cham-
ber comprising a flexible peripheral portion and
a relatively stiff domed central portion project-
ing into said housing, said domed portion com-
prising an annular. section and a depressed cen-
tral section, an auxiliary sound chamber mount-
ed in said housing over said central section and
forming a separate sound passage leading from
said central section to the mouth of said outlet
passage.
- 13. A sound reproducer comprising a housing
forming a sound chamber provided with an outlet
passage, a diaphragm mounted in said chamber
comprising a flexible peripheral portion and a
relatively stiff domed central portion projecting
into said housing, said domed portion comprising
an annular section and a depressed central sec-
tion, an auxiliary sound chamber mounted in said
housing and cooperating with said depressed
central section to form a sound passage of in-
creasing cross-sectional area leading from the
periphery of said central section to the mouth of
said outlet passage. )
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14. A sound reproducer comprising a housing
forming a sound chamber provided with an outlet
passage, a circular diaphragm mounted in said
chamber comprising a flexible peripheral portion
and a relatively stiff domed central portion pro-
jecting into said housing, said domed central por~
tion comprising an annular section and a de-
pressed circular central section, an annular mem-
ber mounted over said depressed central section
and forming a sound passage leading from the
periphery of said domed central section to the
mouth of said outlet passage, the internal wall of
said housing and the external wall of said annular
member ccoperating with the flexible peripheral
portion and the annular domed section of the
diaphragm to form an annular sound passage of
increasing cross-sectional area leading from the
periphery of said fiexible portion to the mouth of
said outlet passage.

15. An acoustic diaphragm comprising a domed
central portion surrounded by a flat peripheral
portion, said domed central portion comprising an
annular section and a circular central section

5

within said annular section, said circular section
being domed in the same direction as said annular
section but depressed below the dome outline of
said annular section.

16. An acoustic diaphragm comprising a domed
central portion surrounded by a flat corrugated
peripheral portion, said domed portion comprising
an annular peripheral section, a circular central
section, and an intermediate annular section, said
circular section being domed in the same direc-
tion as said annular section but depressed below
the dome outline of said annular section.

17. A sound reproducer comprising a housing
provided with an outlet passage, a diaphragm
mounted in said housing, means cooperating with
said diaphragm for forming a plurality of acous-
tically independent sound chambers associated
with different areas of the vibrating portion of
said diaphragm, said independent sound chambers
being provided with individual sound passages
leading to said outlet passage.

W. L. WOOLF.
LIONEL B. CORNWELL.
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