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57) ABSTRACT 

An acoustic transducer of planar shape. Specifically, the elec 
tromagnetic driving means for the acoustic transducer may 
have (i) magnetized means having thin-wall portions for form 
ing pairs of spaced apart elongated gaps containing fixed mag 
netic fields, preferably by positioning second magnetized elon 
gated substantially U-shaped member about first magnetized 
elongated substantially U-shaped member, and (ii) driver 
means consisting of a non-magnetizable conductor forming 
means for positioning electric conductor means in said gaps. 
The non-magnetizable, preferably rigid diaphragm for the 

: acoustic transducer is operably attached to the electromag 
netic driving means and may be supported by flexible means. 
The diaphragm may be a self-supporting tubular diaphragm, 
having a driver part and flexible support parts, which houses 
the electromagnetic driving means. 

53 Claims, 10 Drawing Figures 
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3,651,283 
1. 

LOUDSPEAKER HAVINGELONGATED RECTANGULAR 
MOVING COL 

This invention relates to an acoustic transducer of a planar 
shape. It is particularly useful in providing an inexpensive 
means of recreating and dispersing acoustic waves with little 
distortion of frequency over the range of acoustic frequencies. 

It is a physical fact that an electric current moving through a 
conductor means in a magnetic field normal to the direction of 
the lines of magnetic flux produces a force normal to the 
directions of the electric current and the magnetic flux lines 
(in accordance with the well-known "right-hand rule'). The 
electromagnetic acoustic transducer applies this principle to 
convert variations in electric current into corresponding varia 
tions in mechanical force and in turn physical displacement 
variations of a diaphragm, to produce acoustic waves with cor 
responding variations in frequency and intensity. 
( 1. The intensity of an acoustic wave is the time average rate at which energy is 
transported by the acoustic wave per unit area across a surface usually perpendicu 
lar, but possibly oblique, to the direction of propagation.) 

Acoustic transducers of a planar shape are broadly old and 
well known. They have been used in multiples to provide a 
planar loudspeaker which could be hung on a wall or the like. 
Such acoustic transducers have heretofore had inherent ad 
vantages over the standard conical loudspeaker: (i) they es 
sentially eliminated back-wave cancellation effects because of 
the closed volume behind the diaphragm; and (ii) they 
eliminated perceptible Doppler effect distortion of middle and 
high frequencies because of the small displacement amplitude 
of the diaphragm. But such transducers produced acoustic 
waves of low intensity, and therefore, required an efficient 
electromagnetic driving means to drive an efficient diaphragm 
of large area to thereby produce sufficient acoustic power in a 
listening room. Such transducers were however very expen 
sive to build and sensitive to operate. 

In addition, loudspeakers generally and planar acoustic 
transducers particularly have been limited in the quality 
(2. The quality of sound reproduction is determined by the accuracy with which 
the frequencies of sound and their respective intensities can be recreated.) of 
acoustic waves and the range of audible frequencies which they could recreate. 
loudspeaker development has been aimed at achieving, as far as possible, instan 
taneous and uniform response of the diaphragm when driven by a force at any 
acoustic frequency. But in the common conical loudspeadker, the diaphragm was a 
flexible thin cone which was restrained at its edges; and in the planar acoustic 
transducer, the diaphragm usually was a flexible thin plane membrane rigidly 
restrained at its edges. Such diaphragms (i) could not be displaced uniformly over 
their area and would produce spurious acoustic waves (i.e., acoustic waves unas 
sociated with the sound being recreated), and (ii) could not respond with substan 
tially the same intensity at all acoustic frequencies. Further, such diaphragms had 
to be substantially uniform, thin and flexible, and therefore produced spurious 
acoustic waves of various intensities at different frequencies corresponding to the 
natural resonant modes of the structure. These difficulties were particularly 
pronounced in the common conical loudspeaker because the displacement am 
plitude was necessarily large (e.g., one thirty-second to as much as one-half inch) 
and the area of the diaphragm was retatively small. 

The present invention overcomes these disadvantages and 
difficulties and makes the use of a relatively inexpensive 
acoustic transducer of a planar shape commercially feasible, 
even with sound reproducing apparatus of high fidelity. 

I provide an acoustic transducer of planar shape having at 
least one electromagnetic driving means and at least one 
diaphragm operably attached thereto. Each electromagnetic 
driving means is comprised of (i) magnetized means having 
thin wall portions for forming at least one pair of spaced apart 
elongated gaps containing fixed magnetic fields, and (ii) 
driver means consisting of at least one non-magnetizable con 
ductor forming means having portions thereof positioned in 
said gaps to support electric conductor means in said gaps. 
Each diaphragm is operably attached to at least one conductor 
forming means. 

Magnetic flux lines are concentrated in said gaps of each 
said pairs of gaps to form regions of high magnetic flux density 
which approach substantially constant magnetic flux density. 
The conductor forming means, conductor means, and 
diaphragm (sometimes called the "mobile assembly') are 
preferably of small mass, especially when response to a high 
frequency signal is desired. And the conductor means are 
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moved within said regions of substantially constant magnetic 
flux density in said gaps. In this way, electric current con 
ducted through said conductor means causes highly respon 
sive and substantially uniform linear forces to be exerted on 
the driver means positioned in said gaps at any given frequen 
cy. 

Precautions are taken to have the forces exerted on the 
driver means in each said gap in the same direction: (i) if the 
magnetic flux lines in said gaps of a said pair of gaps are in the 
same direction, the electric current moving through said con 
ductor means in said gaps must be in the same direction; and 
(ii) if the magnetic flux lines in said gaps of a said pair of gaps 
are in the opposite direction, the electric current moving 
through said conductor means in said gaps must be in the op 
posite direction. Further, the magnetic fields in said gaps 
should be of substantially like configuration so that the forces 
exerted on the driver means extending in said gaps are sub 
stantially equal, thereby preventing the driver means from 
yawing; if said magnetic fields in said gaps are not of substan 
tially like configuration, the amount of electric current con 
ducted through the conductor means should be regulated or 
the support means for the diaphragm must be adjusted so that 
the diaphragm does not yaw and thereby produce distorted 
acoustic waves. 

I prefer that said magnetic fields in said gaps be of substan 
tially like configuration and have magnetic flux lines in op 
posite directions. By this arrangement, each electromagnetic 
driving means provides a highly sensitive and efficient dis 
placement of the diaphragm without causing distorted 
acoustic waves. 
The thickness of the thin-walled portions of the magnetized 

means should be kept within narrow limits for each material, 
each particular shape and magnetizing means. These limits 
can be determined by simple measurement: When the 
thickness is too large, edge effects become significant and sub 
stantial magnetic flux can be measured outside said gaps (i.e., 
the configurations of the magnetic fields tend to resemble 
those associated with "horseshoe' magnets); and when the 
thickness is too small, a leakage of magnetic flux can be mea 
sured along the base of the magnetized means. For example, I 
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have measured the limits of the thin-wall portions of a mag 
netized means of my preferred U-shape (hereinafter 
described) made of Armco ingot and magnetized with a 
ceramic sinistered ferrite permanent magnet of 800 total gauss 
(positioned as hereinafter described) to be about 0.030 to 
0.035 inch. 

In addition, said gaps containing the magnetic fields should 
be adjusted within narrow limits. Said gaps should be as nar 
row as possible to produce magnetic flux of highest density 
and to approach a substantially constant magnetic flux density 
in said gaps. Yet, said gaps should be sufficiently broad so that 
a slight warp of the conductor forming means or the thin-wall 
portions of the magnetized means does not cause the driver 
means to bind in said gaps. I have found with my preferred U 
shaped magnetized means (hereinbefore mentioned and 
hereinafter described) made of Armco ingot that the gap 
should be about 0.010 inch; for optimizing high frequency 
response I prefer a narrower gap width; e.g., between 0.010 
and 0.00 inch. 

I prefer, in addition, that said gaps be substantially filled 
with resilient non-magnetizable material, such as highly com 
pliant rubber or plastic foam, to preserve accurate alignment 
of the parts, to improve the ruggedness of the electromagnetic 
driving means during mounting, and to improve the high 
frequency response of the acoustic transducer. Such resilient 
non-magnetizable material should be heat conductive to dis 
sipate the small amount of heat which is generated from the 
passage of electric current through the conductor means. By 
this arrangement, electromagnetic driving means, as an as 
sembly, could be disposed geometrically or preferably ran 
domly over any mounting surface, and covered with a single 
sheet or sheet sections of suitable material to form a 
diaphragm and in turn an acoustic transducer. 
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The magnetized means having thin-wall portions may be 
comprised of at least one first magnetized elongated substan 
tially U-shaped member and at least one second magnetized 
elongated substantially U-shaped member, wherein each said 
U-shaped member has a base part and flange parts. Each said 
second U-shaped member is positioned about a said first U 
shaped member to form at least a pair of said spaced apart 
elongated gaps between flange portions thereof, wherein fixed 
magnetic fields are formed. 

I also prefer that said U-shaped members be magnetized and 
fixed magnetic fields having magnetic flux lines in opposite 
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direction be formed in said gaps by positioning permanently 
magnetized material between base portions of said U-shaped 
members with oppositely polarized faces of said permanently 
magnetized material in contact with said base portions of said 
U-shaped members. I prefer in addition that the permanently 
magnetized material to symmetric in shape and be symmetri 
cally positioned between said base parts of said U-shaped 
members so that the fixed magnetic fields formed in said gaps 
are substantially like in configuration. By this arrangement, 
magnetized means of high efficiency and sensitivity can be 
produced and operated relatively inexpensively. 

I also prefer that each conductor forming means be a sub 
stantially U-shaped member and have flange portions thereof 
positioned in said gaps to reduce the expense of fabrication 
and increase the ruggedness of the acoustic transducer. 
A non-magnetizable diaphragm is fastened to said conduc 

tor forming means so that the electromagnetic driving means 
displaces the diaphragm when current passes through the con 
ductor means. The diaphragm should be relatively thin and of 
small mass so that it is very sensitive to displacement by the 
electromagnetic driving means. The surface portions of the 
diaphragm may be of any suitable shape and may even con 
form to the decor of the listening room or sound reproduction 
system in which the acoustic transducer is used; but where the 
diaphragm is rigidly supported, the diaphragm should have 
substantially plane surface portions to avoid distortion of the 
acoustic waves recreated. 
The diaphragm may be supported by any suitable means, 

either rigid or flexible. If rigid support means are used, the 
diaphragm is flexible. If flexible support means are used, the 
diaphragm can be rigid and the flexible support means should 
have an elastic compliance for returning the diaphragm to its 
original position when it is displaced by the electromagnetic 
driving means. Preferably the diaphragm is supported by flexi 
ble support means and in addition is substantially rigid so that 
all parts of it can be displaced substantially uniformly by the 
electromagnetic driving means. By this arrangement, the 
quality of sound reproduction is bettered (i) by avoiding the 
production of spurious acoustic waves associated with nonu 
niform displacement of the diaphragm (ii) by inhibiting in 
herent flexural modes of vibration; and (iii) by recreating 
acoustic waves of substantially the same intensity over the en 
tire area of the diaphragm. In addition, the range of audible 
frequencies is extended at both the high end and the low end 
by increasing the acoustic power of the acoustic waves being 
recreated at such frequencies to the point where they can be 
heard by a listener. 

I also prefer that the diaphragm have a substantially nonu 
niform cross section and thereby avoid the production of spu 
rious acoustic waves associated with the inherent resonant 
modes of symmetric structure, Indeed, I prefer that the 
thickness of the diaphragm be graduated in cross section, or 
that the diaphragm be randomly perforated with relatively 
large holes which are covered with a taut film of very thin 
material to improve the high frequency response of the 
diaphragm as well as to avoid the production of spurious 
acoustic waves. 
The diaphragm for an acoustic transducer may be a self 

supporting tubular diaphragm for housing an electromagnetic 
driving means. Said self-supporting tubular diaphragm has a 
driver part and flexible support parts for supporting said driver 
part, preferably at its edge portions. And said self-supporting 
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4 
tubular diaphragm is operably attached to the driver means of 
the electromagnetic driver means so that said driver part and 
said support parts of said diaphragm displace at the same 
frequency. I prefer that said support parts have inwardly ex 
tending portions which will displace outwardly in phase with 
the driver part, and thereby increasing the efficiency of the 
diaphragm by aiding in recreating acoustic waves. Said sup 
port parts may have portions outwardly extending or partly 
flat; but the more inwardly extending portions and the greater 
their outward displacement amplitude, the greater the effi 
ciency of the sound reproduction. For greatest efficiency of 
reproduction, I prefer that each said support part consist of 
one single inward fold or an inwardly extending semi-circle; 
but for better quality of reproduction, I prefer that the in 
wardly extending portion or portions of each said support part 
have an outward displacement amplitude such that the 
average intensity of the acoustic waves produced thereby is 
substantially equal to the average intensity of the acoustic 
waves produced by the driver part. 

In addition, said tubular shape of the self-supporting 
diaphragm may be formed with a separate base surface by in 
stallation or with an integral base part capable of supporting 
the electromagnetic driving means and said flexible support 
parts, so that said tubular diaphragm encloses the electromag 
netic driving means. This latter embodiment permits simplici 
ty in fabrication and mounting, and in addition, permits said 
diaphragm to be mounted so that it can direct acoustic waves 
in four directions at one time. In any case, the support parts 
and the driver part may be linear, curvilinear, undulating 
and/or fluted for decorative or utilitarian purposes. 
Such a self-supporting diaphragm will respond substantially 

uniformly to recreate any acoustic frequency without in 
troducing substantial spurious acoustic waves. I contemplate 
that the only spurious acoustic waves produced will be by the 
natural resonant modes of the structure which can be attenu 
ated to negligible audibility by proper design. Further, for sim 
plicity and inexpensive applications, I prefer that the driver 
part and all other parts of the diaphragm have substantially 
plane surface portions. 

I contemplate that the displacement amplitude of the 
diaphragm (or the driver part thereof) is very small (e.g., 
0.0005 to 0.2500 inch) so that the frequency and intensity 
distortion will be small. In application, my acoustic transducer 
may be assembled in multiples so that a very large area of 
diaphragm exposed to the ambient air of a listening room may 
be driven uniformly by the electromagnetic driving means. In 
this way, the acoustic transducer need not be mounted in a 
resonance chamber (as a conical loudspeaker often does) to 
produce high acoustic power in the listening room, even 
though the average intensity of the acoustic waves recreated 
by a given area of the acoustic transducer is low. Furthermore, 
such large areas of diaphragm have a dampening effect due to 
internal stressing to eliminate certain spurious acoustic waves 
associated with the natural resonant modes of the structure. 

I have found that my acoustic transducer is particularly 
adapted for mounting at an intersection of at least two planar 
surfaces, e.g., a wall and ceiling, or a wall and another wall. It 
can be so mounted without additional mounting supports, and 
moreover, a coupling effect is created which increases the effi 
ciency of the acoustic transducer. For optimum acoustic 
power and uniform sound distribution the precise location of 
the acoustic transducers within a listening room, as well as the 
surface area of the diaphragm, can be calculated by determin 
ing the geometry and volume of the room, the absorption con 
stant of the room, and the average intensity range of the sound 
from the acoustic transducer. 
Other details, objects and advantages of my invention will 

become apparent as the following description of the presently 
preferred embodiments thereof proceeds. 

In the accompanying drawings I illustrate presently 
preferred embodiments of my invention in which: 

FIG. 1 is an acoustic transducer with an electromagnetic 
driving means and a diaphragm; 
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FIG. 2 is an acoustic transducer with a diaphragm rigidly 
supported; 

FIG. 3 is an acoustic transducer with a diaphragm flexibly 
supported; 

FIG. 4 is a self-supporting diaphragm for an acoustic trans 
ducer; 

FIG. 5 is an acoustic transducer with an electromagnetic 
driving means and a self-supporting diaphragm; 

FIG. 6 is an acoustic transducer with an electromagnetic 
driving means, a self-supporting diaphragm and compliance 
elements; 

FIG. 7 is a broken-away enlarged portion of the acoustic 
transducer shown in FIG. 5 showing the configuration of a 
magnetic field; 

FIG. 8 is an acoustic transducer with an electromagnetic 
driving means and an alternative self-supporting diaphragm; 

FIG. 9 is an acoustic transducer with an electromagnetic 
driving means and an alternative self-supporting diaphragm 
with transverse arresting means; and 

FIG. 10 is a response curve comparing the operation of an 
acoustic transducer herein described with an excellent conical 
loudspeaker. 

Referring specifically to the drawings, an acoustic trans 
ducer of planar shape has an electromagnetic driving means 2 
and a diaphragm 3. The electromagnetic driving means 2 is 
comprised of a magnetized means 4 and a driver means 5. The 
magnetized means 4 is comprised of a first elongated substan 
tially U-shaped member 6 and a second elongated substan 
tially U-shaped member 7, wherein each said U-shaped 
member has a base part 8 and flange parts 9. Said U-shaped 
members 6 and 7 should be of a low reluctance, magnetically 
permeable material such as a highly magnetically permeable 
iron or nickel-iron alloy. 

Said second U-shaped member 7 is concentrically posi 
tioned about said first U-shaped member 6 to form a spaced 
apart pair of elongated gaps 10 between flange portions 
thereof to form fixed magnetic fields in said gaps. A symmetric 
block of permanently magnetized material 12 is symmetrically 
positioned between the base parts 8 of said first U-shaped 
member 6 and said second U-shaped member 7 with its op 
positely polarized faces in contact with said base parts 8 of 
said first and second U-shaped members 7 and 8. Said mag 
netic material may be, for example, a ferromagnetic iron, 
nickel, or cobalt sinistered ferrite, or an alloy thereof. By this 
arrangement, said first and second U-shaped members 6 and 7 
are magnetized, and in turn fixed magnetic fields 11 of high 
density of substantially like configurations and having mag 
netic flux lines in opposite directions are formed in said gaps 
10. 
Said driver means 5 is comprised of a substantially U 

shaped conductor forming means 13 having flange portions 14 
positioned in said gaps 10, and electric conductor means 15 
supported in said gaps 10 by said flange portions 14 of con 
ductor forming means 13. Said conductor forming means 13 
can be made of any non-magnetizable material which is light 
in weight. Said electric conductor means 15 consists of a coil 
of low resistance wire, such as copper, aluminum or silver, 
wound around the conductor forming means 13 to form a 
voice coil. In this way, the conductor means are positioned in 
a region of highly dense magnetic flux (as shown in FIG. 7) so 
that variations in electric current produce a highly responsive 
and sensitive mechanical force, and the heat produced by the 
electric current passing through said conductor means can be 
readily dissipated into the gaps. 
The diaphragm 3 is attached to the conductor forming 

means 13 by suitable means so that it can be moved by the 
driver means 5 when the electric current passing through elec 
tric conductor means 15 is varied. The diaphragm 3 may be 
supported by either rigid support means 16 as shown in FIG.2 
or by flexible support means 17 as shown in FIG. 3. If sup 
ported by rigid support means, the diaphragm 3 must be flexi 
ble. I prefer, however, that the diaphragm 3 be supported by 
flexible support means 17 so that the diaphragm 3 can be sub 
stantially rigid and moved uniformly by the driver means 5. 
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6 
As shown in FIG. 3, the flexible support means 17 consists 

of substantially filling the gaps 10 between the flange parts 9 
of said first U-shaped member 6 and said second U-shaped 
member 7 with a resilient material, such as rubber or plastic 
foam, so that the parts of electromagnetic driving means 2 
remain aligned during mounting of the acoustic transducer. In 
addition, such flexible support means 17 inhibits transverse 
displacement of the electromagnetic driving means 2 during 
operation of the acoustic transducer. By this embodiment, 
electromagnetic driving means 2 could be disposed geometri 
cally or preferably randomly over a mounting surface and 
covered with a single sheet or sheet sections of suitable 
material to form a rigid diaphragm 3 and in turn an acoustic 
transducer. 

I prefer that sections of my acoustic transducer or the 
diaphragm thereof be joined at joints or corners with flexible 
cylindrical elements. Such flexible cylindrical elements should 
be cemented along the joints and in the corners between the 
diaphragm and the mounting surface. Such flexible cylindrical 
elements aid in restoring the diaphragm to the neutral position 
upon displacement, and inhibit transverse displacement of the 
diaphragm3. 
A diaphragm 18 for an acoustic transducer (shown in FEG. 

4) may consist of a self-supporting tubular diaphragm 18 
capable of housing any suitable electromagnetic driving 
means. Said tubular diaphragm 18 has (i) a driver part 20 that 
is capable of being moved by an electromagnetic driving 
means, wherein said driver part 20 is preferably substantially 
rigid and is preferably nonuniform in thickness, and (ii) flexi 
ble support parts 21 having inwardly extending portions that 
are capable of supporting said driver part 20 at its edge por 
tions 22. In addition, the fold 23 has a displacement amplitude 
substantially equal to about one and one-third times the dis 
placement amplitude of the driver part 20 so that average in 
tensity of the acoustic waves produced by the support parts 21 
is substantially the same as the driver part 20. Said tubular 
diaphragm 18 also has a base part 24 capable of supporting an 
electromagnetic driving means and said support parts 21, so 
that said tubular diaphragm 18 encloses suitable electromag 
netic driving means. Said diaphragm 18 should be made of any 
non-magnetizable foldable material such as paper, plastic, 
metal foil, plasticized paper, metallized paper or stiffened 
cambric cloth. 
As shown in FIG. 5, I prefer that the electromagnetic driv 

ing means 2 (shown in FIGS. 2 and 3) be used in combination 
with the self-supporting diaphragm 18 (shown in FIG. 4) to 
form an efficient acoustic transducer for reproducing acoustic 
waves of good quality over the entire range of acoustic 
frequencies. As a further refinement (shown in FIG. 6) com 
pliance elements 25 may be positioned between the support 
parts 21' and the flange parts 9' of said second U-shaped 
member 7' to aid in restoring the self-supporting diaphragm 
18' to the neutral position. 

In an alternative embodiment (shown in FIG. 8) an acoustic 
transducer is the same save for its composition and the con 
figuration of the self supporting tubular diaphragm 18'. Each 
support parts 21' is an inwardly extending substantially 
semicircular part. In this embodiment, I prefer that the driver 
part 20' be made of polycarbonate, the flexible support parts 
21' be made of cambric cloth, and the base part 24' be made 
of "Masonite.' In addition, said driver part 20' has holes 28 
therein which are covered with a film 29 so that diaphragm 
18' has substantially nonuniform thickness. I have found that 
this embodiment inhibits transverse displacement of the driver 
part 20' and thereby certain distortions in recreation of 
acoustic waves. 

In addition (as shown in FIG.9) flexible inward semicylin 
drical arresting means 26 can be cemented transverse the ends 
27 of lengths of self-supporting tubular diaphragm 18". In this 
way, the diaphragm 18" can be more rapidly restored to the 
neutral position upon displacement and the diaphragm 18' 
can be inhibited from displacing transversely. 
To illustrate the advantages of my acoustic transducer (as 

shown in FIG. 9), I have compared it over the entire range of 
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acoustic frequencies with the best conical loudspeaker I could 
obtain with comparative parameters. In particular, I compared 
the performance of an 8 inch conical loudspeaker having a 
"whizzer,' a mobile assembly weight of 10.0 grams, an Alnico 
magnet of 6.5 ounces, and a voice coil of 244 feet in length 
with my acoustic transducer with a 6 inch diaphragm and a 5 
inch electromagnetic driving means, having a mobile assembly 
weight of 18 grams, a ferrite magnet of 1 ounce, a voice coil of 
200 feet in length, and gap widths of 0.134 inch. The per 
formance of both were measured with a substantially constant 
280 milli-watts to the voice coil and the same microphone 
placement. The resulting frequency response curves, adjusted 
by a plus 19.1 dbm for my acoustic transducer to compensate 
for differences in the significant parameters, are shown in FIG. 
10: (i) The intensity level 
(3.The intensity level B of a sound wave is defined by the equation: 

B=10 log III, 
where I is the intensity and I is an arbitrary reference intensi 
ty which is taken as 10 watt/cm, corresponding roughly to 
the faintest sound which can be heard. Intensity levels are ex 
pressed in decibels, abbreviated db.) of the conical loud 
speaker falls off greatly below 100 cycles per second while the 
intensity level of my acoustic transducer remains at a com 
paratively linear slope at these low frequencies; and (ii) the 
drop in the frequency response curve for my acoustic trans 
ducer is only about 6 decibels per octave compared to the 
practical design limit for a conical loudspeaker of 12 decibels 
per octave. I further note that the intensity level for my 
acoustic transducer becomes unstable at about 3,000 cycles 
per second due to the design cutoff of the particular acoustic 
transducer I used in this comparison. To design my acoustic 
transducer for high frequency response (above 3,000 cycles 
per second), I would reduce the mobile assembly weight to as 
little as 1.5 grams and reduce the gap widths to about 0.001 
inch. 
While I have shown and described certain presently 

preferred embodiments of my invention, it is to be distinctly 
understood that the invention is not limited thereto but may 
be otherwise variously embodied within the scope of the fol 
lowing claims. 

I claim: 
1. An acoustic transducer comprising: at least magnetized 

means having therein at least one pair of spaced apart elon 
gated gaps containing fixed magnetic fields, each elongated 
gap formed by non-leaking portions of said magnetized means 
having no substantial edge conductance of magnetic flux; at 
least one nonmagnetizable conductor forming means having 
portions thereof positioned in said gaps; electric conductor 
means supported by said portions of each said conductor 
forming means in said gaps; and at least one non-magnetizable 
diaphragm operably attached to at least one said conductor 
forming means. 

2. An acoustic transducer as claimed in claim 1 wherein: 
each magnetized means is capable of producing magnetic 
fields in each said pair of gaps having substantially like con 
figurations and having magnetic flux lines in opposite 
directions. 

3. An acoustic transducer as claimed in claim 1 wherein: 
each said diaphragm is supported by flexible means. 

4. An acoustic transducer as claimed in claim 3 wherein: 
each said diaphragm is substantially rigid. 

5. An acoustic transducer as claimed in claim 1 wherein: 
each said diaphragm has substantially plane surface portions. 

6. An acoustic transducer as claimed in claim 1 wherein: 
each said diaphragm has substantially nonuniform thickness. 

7. An acoustic transducer comprising: at least one mag 
netized means having therein at least one pair of spaced apart 
elongated gaps containing fixed magnetic fields, each elon 
gated gap formed by non-leaking portions of said magnetized 
means having no substantial edge conductance of magnetic 
flux; said gaps being substantially filled with resilient non-mag 
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forming means having portions thereof positioned in said gaps; 
electric conductor means supported by said portions of each 
said conductor forming means in said gaps; and at least one 
non-magnetizable diaphragm operably attached to at least one 
said conductor forming means. 

8. An acoustic transducer comprising: at least one mag 
netized means having thin-wall portions for forming at least 
one pair of spaced apart elongated gaps containing fixed mag 
netic fields; at least one non-magnetizable conductor forming 
means having portions thereof positioned in said gaps; electric 
conductor means supported by said portions of each said con 
ductor forming means in said gaps; and at least one non-mag 
netizable self-supporting diaphragm for housing at least one 
said magnetized means and at least one said conductor form 
ing means, having a driver part operably attached to at least 
one said conductor forming means and having flexible support 
parts for supporting said driver part, and capable of forming a 
tubular shape with a base surface. 

9. An acoustic transducer as claimed in claim 8 wherein: 
each said self-supporting diaphragm has a base part for sup 
porting at least one said magnetized means and said flexible 
support parts of said diaphragm and forming said tubular 
shape wherein said diaphragm encloses at least one said mag 
netized means and at least one said conductor forming means. 

10. An acoustic transducer as claimed in claim 8 wherein: 
each said support part has inwardly extending portions. 

11. An acoustic transducer as claimed in claim 10 wherein: 
each said support part consists of a single inward fold. 

12. An acoustic transducer as claimed in claim 0 wherein: 
each said support part consists of an inward substantially 
semicircular part. 

13. An acoustic transducer as claimed in claim 8 comprising 
in addition: flexible arresting means positioned in end portions 
of said self-supporting diaphragm and attached to said driver 
part of said self-supporting diaphragm. 

14. An acoustic transducer as claimed in claim 9 comprising 
in addition: a mounting base consisting of an intersection of at 
least two planar surfaces for mounting said base part thereon. 

15. An acoustic transducer comprising: at least one first 
magnetized elongated substantially U-shaped member; at least 
one second magnetized elongated substantially U-shaped 
member positioned about at least one said first magnetized U 
shaped member for forming a pair of spaced apart elongated 
gaps between flange portions of said magnetized U-shaped 
members containing fixed magnetic fields; at least one non 
magnetizable conductor forming means having portions 
thereof positioned in said gaps; at least one conductor means 
supported by said portions of each said conductor forming 
means in said gaps; and at least one non-magnetizable 
diaphragm operably attached to each said conductor forming 
eaS. 

16. An acoustic transducer as claimed in claim 15 wherein: 
each said conductor forming means is a substantially U 
shaped member. 

7. An acoustic transducer as claimed in claim 15 wherein: 
each said first and second U-shaped members are magnetized 
by positioning permanently magnetized material between base 
parts thereof with oppositely polarized faces in contact with 
said base parts, whereby said magnetized U-shaped members 
will produce magnetic flux lines in opposite directions in said 
gaps of said pair of gaps. 

18. An acoustic transducer as claimed in claim 15 wherein: 
each magnetized means is capable of producing magnetic 
fields in said pair of gaps having substantially like configura 
tion and having magnetic flux lines in opposite directions. 

19. An acoustic transducer as claimed in claim 15 wherein: 
said diaphragm is supported by flexible means. 

20. An acoustic transducer as claimed in claim 19 wherein: 
the diaphragm is substantially rigid. 
2. An acoustic transducer as claimed in claim 15 wherein: 

the diaphragm has substantially plane surface portions. 
22. An acoustic transducer as claimed in claim 15 wherein: 

netizable material; at least one non-magnetizable conductor 75 the diaphragm has substantially nonuniform thickness. 
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23. An acoustic transducer as claimed in claim 15 wherein: 
said gaps are substantially filled with resilient non-magnetiza 
ble material. 

24. An acoustic transducer comprising: at least one first 
magnetized elongated substantially U-shaped member; at least 
one second magnetized elongated substantially U-shaped 
member positioned about at least one said first magnetized U 
shaped member for forming a pair of spaced apart elongated 
gaps between flange portions of said magnetized U-shaped 
members containing fixed magnetic fields; at least one non 
magnetizable conductor forming means having portions 
thereof positioned in said gaps; at least one conductor means 
supported by said portions of each said conductor forming 
means in said gaps; and at least one non-magnetizable self 
supporting diaphragm for housing at least one said first and 
second magnetized U-shaped members and at least one said 
conductor forming means, having a driver part operably at 
tached to at least one said conductor forming means and hav 
ing flexible support parts for supporting said driver part, and 
capable of forming a tubular shape with a base surface. 

25. An acoustic transducer as claimed in claim 24 wherein: 
each said self-supporting diaphragm has a base part for sup 
porting at least one said second U-shaped member and said 
flexible support parts of said tubular diaphragm and forming 
said tubular shape, whereby the diaphragm encloses at least 
one said first and second U-shaped member and at least one 
said conductor forming means. 

26. An acoustic transducer as claimed in claim 24 wherein: 
each said support part has inwardly extending portions. 

27. An acoustic transducer as claimed in claim 26 wherein: 
each said support part consists of a single inward fold. 

28. An acoustic transducer as claimed in claim 26 wherein: 
each said support part consists of an inward substantially 
semicircular part. 

29. An acoustic transducer as claimed in claim 24 compris 
ing in addition: flexible arresting means positioned in end posi 
tions of said self-supporting diaphragm and attached to said 
driver part of said self-supporting diaphragm. 

30. An acoustic transducer as claimed in claim 25 compris 
ing in addition: a mounting base consisting of an intersection 
of at least two planar surfaces for mounting said base part 
thereon. 

31. An acoustic transducer comprising: a first magnetized 
elongated substantially U-shaped member; a second mag 
netizable elongated substantially U-shaped member posi 
tioned about said first magnetizable U-shaped member for 
forming a pair of spaced apart elongated gaps between flange 
portions of said magnetizable U-shaped members; per 
manently magnetized material positioned between base parts 
of said magnetizable U-shaped members with oppositely 
polarized faces in contact with said base parts for magnetizing 
said magnetizable U-shaped members and for producing mag 
netic fields having magnetic flux lines in opposite directions in 
said gaps of said pair of gaps; a non-magnetizable conductor 
forming U-shaped member having flange portions thereof 
positioned in said gaps; a conductor means supported by said 
flange portions of said conductor forming U-shaped member 
in said gaps; and a non-magnetizable self-supporting 
diaphragm for housing said first and second magnetizable U 
shaped members and said conductor forming U-shaped 
member, having a driver part operably attached to said con 
ductor forming U-shaped member and having flexible in 
wardly extending support parts for supporting said driver part 
at end portions thereof, and capable of forming a tubular 
shape with a base surface. 

32. An acoustic transducer as claimed in claim 31 wherein 
said self-supporting diaphragm has a base part for supporting 
at least one said second U-shaped member and said flexible 
support parts of said diaphragm and forming said tubular 
shape; and comprising in addition a mounting base consisting 
of an intersection of at least two planar surfaces for mounting 
said base part thereon. 
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33. An acoustic transducer comprising: a first magnetized 

elongated substantially U-shaped member; a second mag 
netized elongated substantially U-shaped member positioned 
about said first magnetized U-shaped member for forming a 
pair of spaced apart elongated gaps between flange portions of 
said magnetized U-shaped members; a non-magnetizable con 
ductor forming U-shaped member having flange portions 
thereof positioned in said gaps; a conductor means supported 
by said flange portions of said conductor forming U-shaped 
member in said gaps; and a non-magnetizable self-supporting 
diaphragm for housing said first and second magnetizable U 
shaped members and said conductor forming U-shaped mem 
bers, having a driver part operably attached to said conductor 
forming U-shaped member and having flexible inward sub 
stantially inwardly-folded support parts for supporting said 
driverpart, and capable of forming a tubular shape with a base 
surface. 

34. An acoustic transducer as claimed in claim 33 compris 
ing in addition: inwardly extending flexible arresting means 
positioned in end positions of said self-supporting diaphragm 
and attached to said driver part of said self-supporting 
diaphragm. 

35. An acoustic transducer comprising: a first magnetizable 
elongated substantially U-shaped member; a second mag 
netizable elongated substantially U-shaped member posi 
tioned about said first magnetizable U-shaped member for 
forming a pair of spaced apart elongated gaps between flange 
portions of said magnetizable U-shaped members, per 
manently magnetized material positioned between base parts 
of said magnetizable U-shaped members with oppositely 
polarized faces in contact with said base parts for magnetizing 
said magnetizable U-shaped members and for producing mag 
netic fields having magnetic flux lines in opposite directions in 
said gaps of said pair of gaps; a non-magnetizable conductor 
forming U-shaped member having flange portions thereof 
positioned in said gaps, a conductor means supported by said 
flange portions of said conductor forming U-shaped member 
in said gaps; and a non-magnetizable self-supporting 
diaphragm for housing said first and second magnetizable U 
shaped members and said conductor forming U-shaped mem 
bers, having a driver part operably attached to said conductor 
forming U-shaped member and having flexible inward sub 
stantially semicircular support parts for supporting said driver 
part, and capable of forming a tubular shape with a base sur 
face. 

36. An acoustic transducer as claimed in claim 35 compris 
ing in addition: flexible inward substantially semicircular ar 
resting means positioned in end positions of said self-support 
ing diaphragm and attached to said driver part of said self-sup 
porting diaphragm. 

37. An acoustic transducer as claimed in claim 35 wherein: 
said self-supporting diaphragm has a base part for supporting 
at least one said second U-shaped member and forming said 
tubular shape; and comprising in addition a mounting base 
consisting of an intersection of at least two planar surfaces for 
mounting said base part thereon. 

38. A self-supporting diaphragm for acoustic transducers 
adapted to form with a base surface a tubular structure com 
prising: a non-magnetizable self-supporting diaphragm for 
housing at least one electromagnetic driving means; said 
diaphragm having a driver part being substantially rigid and 
capable of being moved by at least one electromagnetic driv 
ing means, and having flexible support parts for supporting 
said driver part and capable of being moved by at least one 
electromagnetic driving means; said driver part and said sup 
port parts capable of creating acoustic waves and capable of 
forming a tubular shape with a base surface. 

39. A self-supporting diaphragm for an acoustic transducer 
as claimed in claim 38 wherein: each said support part has in 
wardly extending portions. 

40. A self-supporting diaphragm for acoustic transducers as 
claimed in claim 39 wherein: each said support part consists of 
a single inward fold. 
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41. A self-supporting diaphragm for an acoustic transducer 
as claimed in claim 39 wherein: each said support part consists 
of an inward substantially semicircular part. 

42. A self-supporting diaphragm for an acoustic transducer 
as claimed in claim 38 wherein: each said self-supporting 
diaphragm has a base part for supporting at least one elec 
tromagnetic driving means and said flexible support parts of 
said and forming said tubular shape, whereby said diaphragm 
encloses at least one electromagnetic driving means. 

43. A self-supporting diaphragm for an acoustic transducer 
as claimed in claim 38 wherein: the driver part has substan 
tially plane surface portions. 

44. A self-supporting diaphragm for an acoustic transducer 
as claimed in claim 38 wherein: the diaphragm has substan 
tially nonuniform thickness. 

45. An electromagnetic driving means for an acoustic trans 
ducer comprising: a first magnetized elongated substantially 
U-shaped member; a second magnetized elongated substan 
tially U-shaped member positioned about said first magnetized 
elongated U-shaped member for forming a pair of spaced 
apart elongated gaps between flange portions of said mag 
netized U-shaped members containing fixed magnetic fields; 
at least one non-magnetizable conductor forming means hav 
ing portions thereof positioned in said gaps; and at least one 
conductor means supported by said portions of each said con 
ductor means in said gaps. 

46. An electromagnetic driving means for an acoustic trans 
ducer as claimed in claim 45 wherein: said first and second 
magnetized U-shaped members are capable of producing mag 
netic fields in said gaps substantially like in configuration and 
having magnetic flux lines opposite in directions. 

47. An electromagnetic driving means for an acoustic trans 
ducer comprising: a first magnetized elongated substantially 
U-shaped member; a second magnetized elongated substan 
tially U-shaped member positioned about said first magnetized 
elongated U-shaped member for forming a pair of spaced 
apart elongated gaps between flange portions of said mag 
netized U-shaped members containing fixed magnetic fields; 
at least one non-magnetizable conductor forming substantially 
U-shaped member having flange portions thereof positioned 
in said gaps; and at least one conductor means supported by 
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12 
said portions of each said conductor means in said gaps, 

48. An electromagnetic driving means for an acoustic trans 
ducer as claimed in claim 45 wherein: said first and second U 
shaped members are magnetized by positioning permanently 
magnetized material between base parts thereof with op 
positely polarized faces in contact with said base parts, 
whereby said magnetized U-shaped members will produce 
magnetic flux lines in opposite directions in said gaps of said 
pair of gaps. 

49. An electromagnetic driving means for an acoustic trans 
ducer as claimed in claim 45 wherein: said gaps are substan 
tially filled with resilient non-magnetizable material. 

50. An electromagnetic driving means for an acoustic trans 
ducer comprising: at least magnetized means having therein at 
least one pair of spaced apart elongated gaps containing fixed 
magnetic fields, each elongated gap formed by non-leaking 
portions of said magnetized means having no substantial edge 
conductance of magnetic flux; at least one non-magnetizable 
conductor forming means having portions thereof positioned 
in said gaps; and at least one conductor means supported by 
said portions of each said conductor forming means in said 
gaps. 

51. An electromagnetic driving means for an acoustic trans 
ducer as claimed in claim 50 wherein: said magnetized means 
is capable of producing in each said pair of gaps magnetic 
fields of substantially like configuration and having magnetic 
flux lines in opposite directions. 

52. Electromagnetic driving means for an acoustic trans 
ducer as claimed in claim 50 wherein: each said conductor 
forming means is a substantially U-shaped member. 

53. Electromagnetic driving means for an acoustic trans 
ducer comprising: magnetized means having therein at least one pair of spaced apart elongated gaps containing fixed mag 
netic fields, each elongated gap formed by non-leaking por 
tions of said magnetized means having no substantial edge 
conductance of magnetic flux; said gaps being substantially 
filled with resilient non-magnetizable material; at least one 
non-magnetizable conductor forming means having portions 
thereof positioned in said gaps; and at least one conductor 
means supported by said portions of each said conductor 
forming means in said gaps. 
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