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16 Claims.
This invention relates to sound translating de-

vices and more particularly to loudspeakers of -

the horn type. :

In the translation of sound, for example, in
the transmission or reproduction of speech and
music, it is desirable that the translating device
be capable of transmitting or reproducing all

‘the frequencies of importance in the audio fre-

quency range with fidelity and with uniform
intensity and efficiency. Horn type loudspeakers,
in general, have a relatively low cut-off so that
the higher sound frequencies and hamonics are
in effect suppressed and high quality reproduc-
tion of speech and music, therefore, is not ob-
tained. This cut-off characteristic is traceable
in a large measure to the fact that the sound
waves emanating from the various portions of
the diaphragm of the loudspeaker. traverse paths
of unequal length in passing to the throat of the
horn so that the sound waves propagated from
all points of the diaphragm do not reach the
throat of the horn in phase. For the low fre-
quency waves the disparity in phase is not par-
ticularly detrimental but at the higher frequen-
cies the phase difference is sufficient to cause a
marked neturalization of the sound waves so that
the high frequencies of speech and music are
diminished in intensity or materially suppressed.

One object of this invention is to reproduce
speech and music efficiently and faithfully
throughout a wide range of frequencies.

In accordance with a feature of this invention,
& plurality of sound ducts of substantially equal
length are provided between one surface of g
diaphragm in a loudspeaker and the throat of
8 horn acoustically coupled therewith, so that
sound -waves emanating from- all parts of the
radiating portion of the diaphragm traverse
paths of substantially equal length in passing
to the thoat of the horn and hence reach the
throat substantially in phase.

In a specific embodiment of this invention, a
loudspeaker comprises g magnet having coaxial
pole pieces disposed one within the other, the
inner of said pole pieces having a bore therein

-adapted to be coupled at one end to the throat

of a horn. A diaphragm is mounted adjacent
the other end of the bore and is provided with a
dome-shaped portion in axial alignment with the
bore. A tapered or conical and g plurality of
hollow tapered or substantially frusto-conical
members are disposed intermediate the dome-
shaped portion of the diaphragm and the ad;a-
cent end of the bore in the inner pole piece and
are spaced to provide a plurality of annular

. sound ducts extending from immediately adjacent

the surface of the diaphragm directed toward
the bore, and converging with respect to the axis
of the bore. The conical members may be so
designed that the area of the sound ducts in-

(CL 179—115.5)

Creascs exponentially toward the bore and pre-
ferably with the same taper as the horn. .

The invention and the various features thereof
will be understood more clearly and fully from
the foliowing detailed description with reference
to the accompanying drawings in which:

Fig. 1 is a side view partly in cross-section of g
horn type loudspeaker illustrative of one embodi-
ment of this invention; '

Fig. 2 is an end view of the loudspeaker shown
in Fig. 1 with portions broken away to show de-
tails of construction more clearly;

Fig. 3 is an enlarged detail view in cross-section
illustrating the manner in which the leading-in
conductors for the driving coil are brought out
to external terminals; and

Fig. 4 is g fragmentary view showing another
way in which the leading-in conductors for the
driving coil may be brought out to external
terminals.

Fig. 5 is an exploded view in persepctive show-
ing the form of the members forming a plurality
of sound ducts extending from adjacent one
surface of the diaphragm to the sound passage-
way or bore in the magnet.

Referring now to the drawings, the loudspeaker
shown therein comprises a magnet having inner
and outer poles {0 and 14, the pole {0 having a
cylindrical opening or bore 12 extending there-
through. The lateral cross-sectional area of the
bore may increase exponentially toward the outer
end, i. e., toward the right in Fig. 1. An excita-
tion or field coil {3, which may be of a construc-
tion disclosed in & copending application of
Albert L. Thuras, Serial No. 622,191, filed July
13, 1932, encircles the inner poie {0 and is in-
sulated from the magnet by insulators 14. Metal-
lic extensions #5 of the coil i4 are engaged by
extensions {6 of the terminals 1T which are
mounted on an insulating block 8 secured to the
outer pole {I. The extensions {6 pass through
apertures in the pole {{ and are insulated from
the pole by bushings or sleeves 18. An annular
pole piece 20 is provided with & shoulder 2t
threaded into the pole (0. Another annular
pole piece 22 is positioned on the outer pole ti
by dowel pins 23 and is secured thereto by screws
24. The pole pieces 20 and 22 are coaxially
disposed and are spaced to form g narrow, an-
nular air gap 25. :

A diaphragm is mounted upon the magnet and
comprices a central dished or dome-shaped por-
tion 26, a flat peripheral portion 21, and a
troughed flexibie pertion 28 intermediate the
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central-and peripheral portions. The diaphragm. _

may be of a single piece of lightweight material,
such as duralumin. The peripheral portion 2%
of the diaphragm is fixed on the outer pole piecs

22 together with an inswlating washer 28 by a ¢
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clamping ring 30 which is securad to the pole plece
22 by a plurality of screws 3.

The diaphragm is actuated by an annuiar driv-
ing coil 32 which is carried by a cylindrical sleeve
23 secured to the diaphragm at substantially the
base of the dished or dome-shaped portion 26, and
is disposed in the air gap 25. The driving coil 32
may be of the construction disclosed in Patent
1,707,544 granted April 2, 1928 to Albert L. Thuras.
The diaphragm is provided with a pair of small
apertures at substantially the intersecticn of the
central and flexible portions 28 and 28, respec-

tively in each of which an insulating bushing or’

sleeve 34 is secured. Leading-in conductors 35
for the driving coil, which may be integral ex-
tensions of the coil, extend loosely through a cor-

" responding one of the slegves 34 and outwardly to

terminals 36 which are mounted on an insulating
member 371 secured to the pole piece 22. Thiscon-
struction insures a distribution of the flexing
stresses in the conductors 35, occasioned by the
vibrations of the diaphragm, throughout a large

portion of the conductors so that rupture of the.

conductors is prevented. To further insure
against breakage of the conductors, damping
mesns, for example thin vanes 59, of paper or
the like, are provided to prevent local and reso-
nant vibrations in the conductors. Breakage of
the leads may be prevented also as shown in Fig.
4 by enclosing a portion of the leading-in con-
ductors in an inflexible tubular member or sleeve
80 fixedly mounted adjacent a terminal 61. The
inner diameter of the tubular member 60 is ap-
preciably greater than the dimensions. of the
leading-in conductors so that the conductor will
have limited freedom of movement. .

In order to prevent the passage of sound waves
through the air gap, the gap is sealed at the end
remote from the diaphragm by an annular
troughed member 38 of non-magnetic material
such as brass which is secured to the pole piece
20 by a plurality of screws 39 and is spaced from
the pole piece 22 by a washer or shim 40.

The surface of the diaphragm remote from the
magnet may be encased by a dome-shaped cover
&1 which is provided with a plurality of lugs or
flanges 42 and is secured upon the pole piece 22
by screws 43 extending through the lugs or flanges.
The cover is provided with a plurality of relatively
large apertures 44 of sufficient area to prevent the
air in the space between the cover and the dia~
phragm from materially affecting the vibrations
of the diaphragm, and carries & protective
screen 45.

A horn 46 abuts against the end of the pole 10
remote from the diaphragm and is secured to the
magnet by a clamping ring 41 which is threaded
to the magnet and is provided with a flange 48
which bears against a shioulder on a flange mem-
per 49 secured to the horn by screws 56.

In order to insure uniform reproduction of a

‘wide range of frequencies of importance in speech

and music, means are provided, in accordance with
this invention, for preventing suppression of any,
particularly the higher, frequencies. To this end,
2 multisection acoustic transducer or plug is pro-
vided intermediate one surface of the diaphragm
and the end of the horn in acoustic communica-
tion with the surface. -

As shown more clearly in Fig. 5, in one form,
such a transducer or plug comprises a central
substantially conical member 5{ and & plurality of
hellow substantially frusto-conical mermbers 82,
53 and 54, disposed one within the other and co-

“axial with the conical member 81, The conical
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member 5{ and frusto-conical members 52, 53
and 54 are rigidly secured together in spaced re-
jationship by a plurality of keys 55 which fit into
slots 58 in the several members. The inner sur-
face of the pole piece 20 is dished to conform ap-
proximately to the outer surface of the frusto-
conical member 54 and is provided with a plu~
rality of slots 57 into which keys 58 may he fit-
ted. The end of the conical and frusto-conical
members toward the diaphragm is smoothly
rounded to correspond accurately to the portions
of the diaphragm in juxtaposition thereto. Pref-
erably the conical and frusto-conical members
are so positioned that the clearance between the
diaphragm and the ends of the members there-
adjacent is but slightly greater than the maxi-
mum displacement of the driving coil.

As will be seen more clearly from Fig. 2, the
conical member 51 and the frusto-conical mem-
pers 52, 53 and 54 together with the pole piece
20 provide a plurality of coaxial annular sound
ducts extending from the diaphragm, foward the
opening or bore 12 in the pole 10 and converging
away from the diaphragm. The several elements
noted are so proportioned that the passageways
formed thereby are of substantially equal length
and are equally spaced at the ends toward the
diaphragm. Preferably these elements are so pro-
portioned that the aggregate cross-sectional area
thereof in planes at right angles to the sound

" paths increases exponentially away from the dia-

rhragm. This construction provides a plurality
of paths of substantially equal length so that
sound waves emanating from all points of the
central portion 26 of the diaphragm traverse
paths of substantially the same length in passing
to the throat of the horn 46 and hence arrive
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at the throat of the horn substantially in phase.

Another feature of this construction is that a
substantially plane wave front is obtained at the

40

end of the bore 12 directed toward the diaphragm.

Neutralization of the waves at the higher fre-
quencies of speech and music is therefore pre-
vented and speech and music may be reproduced
with uniformity and fidelity throughout a wide
range of frequencies.

Although a specific embodiment of the inven-
tion has been shown and described, it will be un-
derstood of course, that modifications may be
made therein without departing from the scope
and spirit of this invention as defined in the ap-
pended claims. '

What is claimed is:

1. A sound translating device comprising &
diaphragm, and means adjacent one surface of
sald diaphragm forming a plurality of sound
ducts of substantially equal length disposed one
within another and converging away from said
surface. o

2. A sound translating device comprising a
diaphragm, and at least three nested tapered
members adjacent one surface of said dia-
phragm, spaced to form a plurality of annular
sound passageways of substantially equal length
disposed one within another and converging away
from said surface.

3. A sound translating device comprising a
diaphragm and at least three conical members
disposed one within another each having one

end adjacent said diaphragm, said ends jointly 7

conforming to substantially one entire surface
of said diaphragm, said members being spaced
to foom 3 plurality of coaxial sound Passageways
converging away from said diaphragni.

4, A sound translating device comprising &
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diaphragm having a central radiating portion,

and at least three spaced members adjacent said
central portion having portions conforming to
and substantially coextensive with said central
portion forming & plurality of annular sound
passageways disposed one within another and
converging away from said central portion.

5. A sound translating device comprising a di-
aphragm having a dished central portion, and
& plug member having one end in immediate
Juxtaposition to and substantially coextensive
with one surface of said centrdl portion and con-
forming thereto, said plug member including at
least three sections spaced to form a plurality
of tubular sound ducts acoustically associated
with said central portion and. converging away
therefrom. : :

6. A sound translating device comprising a
diaphragm having a dome-shaped central por-
tion, and an acoustic transducer having one end
conforming to and substantially coextensive with
said central portion, said transducer including
at least three nested tapered members spaced to
form a plurality of coaxial sound passageways
terminating adjacent said central portion and
converging away therefrom.

7. A sound translating device comprising a
diaphragm, means forming a sound duct having
one end acoustically associated with one surface
of said diaphragm, and a plurality of nested
tapered members. intermediate sald one end and
sald surface, said members being spaced to form
& plurality of tubular sound passageways of sub-
stantially equal length between said surface and
sald one -end. S .

8. A sound translating device comprising a

‘diaphragm, means forming a sound duct acousti-

cally associated at one end with one surface of
said diaphragm, and at least three nested coni-
cal members adjacent -said one surface, sald
members being spaced to form & plurality of co-
axial annular passageways of substantially equal
length between said surface and the one end
of said duct. . )

9. A sound translating device comprising a
diaphragm, means forming a sound duct having
one end acoustically assoclated with one surface
of said diaphragm, and an acoustic transducer
Intermediate said one surface and said duct
having a portion adjacent sald one surface and
substantially coextensive and in conformity with
the radiating portion of said diaphragm, said
transducer comprising at least three sections
spaced to form a plurality of annular passage-
ways disposed one within another and extending

‘between said one surface and the one end of

said duct. .

10. A sound translating device comprising a
diaphragm, means forming a sound duct acousti-
cally associated with one surface of said dia-
phragm, and a plug- member intermediate said
one surface and said duct, said plug member in-
cluding at- least three nested conical members
having their bases adjacent said diaphragm, said
conical members being spaced to form a plu-
rality of coaxial sound pessageways of substan-
lially equal length extending from said dia-

phragm and converging toward said duct. .

70

11. A sound translating device comprisng a di-
aphragm having a dished central portion, means
forming a sound duct having a tubular portion
in axial alignment with said central portion, and
& plug member intermediate said central portion
and said duct, said plug member including s

3

plurality of nested conical members having their
bases in proximity to and conforming with said
central portion, said conical members being spaced
to form a plurality of tubular sound passage-
ways of substantially equal length extending be-
tween said central portion and said duct and be-
ing coaxial therewith, . L

12. A sound translating device comprising a

magnet having inner and outer poles, said inner -

pole having a bore extending therethrough, a di-
aphragm adjacent one end of said bore, and a
plug member carried by said inner pole and dis-
posed intermediate sald diaphragm and said
bore, said plug member comprising a plurality
of sections spaced to form a plurality of tubular
sound passageways disposed one within another,
extending from said diaphragm and converging
toward said bore.

13. A sound translating device comprising a
magnet having inner and outer poles, said inner
pole having a bore extending therethrough, a di-

" aphragm adjacent one end of said bore, and at

least three nested members carried by said inner

pole and disposed adjacent said diaphragm, said

members being spaced to form a plurality of
annular sound passageways of substantially equal

‘length extending between sald diaphragm and the

one end of said bore. L
14. A loudspeaker comprising a magnet having

inner and outer poles, said inner polé having a

bore extending therethrough, a pair of pole pieces

.mounted on said poles and spaced to form an an-

nular air gap, the inner of said pole pieces hav-
ing an aperture therein in axial alignment with
said bore, a diaphragm mounted on the outer
of said pole pieces and having a central portion
adjacent the aperture in said inner pole piece and
substantially coextensive therewith, an actuating
coll connected to said diaphragm and disposed
In said air gap, and a plurality of conical mem-
bers having one end in juxtaposition to said cen-
tral portion, and extending into said aperture,
sald members being spaced to form a plurality of
sound passageways of substantially equal length
between said central portion and said bore and
coaxial with said bore. . .

15. A sound translating device comprising a
magnet having a bore extending therethrough, a
horn connected to ohe end of said magnet and
acoustically coupled to one end of said bore,
& diaphragm mounted on the opposite end of said
magnet and having one surface acoustically asso-
ciated with the other end of said bore, and means
including a plurality of nested members provid-
ing a plurality of sound passageways of substan-
tially equal length between different portions of
said surface of said diaphragm and a portion of
said bore. :

16. A sound translating device comprising s
magnet having a sound passageway extending be-
tween opposite ends thereof, a horn connected
to one end of said magnet and acoustically cou-
pled to one end of said passageway, & diaphragm
mounted on the opposite end of said magnet and
having one surface acoustically’ associated with
the other end of said passageway, means includ-
ing a plurality of members disposed one within.
another and spaced to provide a plurality of sound
ducts of substantially equal length between said
one surface of said diaphragm and a portion of
said bore, and a screen member mounted on
sald magnet and overlying said diaphragm.

EDWARD C. WENTE.
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