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The invention described herein is based on a recent discovery by the
applicant in "Corona Dynamics” and relates specifically to the gemeration

 and transmission of pressure waves from an electric coronal discharge to the

ambient air. It departs from the applicant's earlier loudspeaker inventions
in seversl significant respects.

In ths applicant's earlier transducer patents the empbasis wvas placed
upon the aerodynamic forces developed within divergent electreostatic fields.
These V-shaped fields are developed relsative to electrodss of special configur-
ation, usually from singls fine vires toward sets of vanes resembling a "venetian
blind". Strecses are developed in the air (as a dislectric medium) vhich cause
the air to flow generally in the direction of the divergence of the fiold, i{.e.,
from the fine wires toward the leading edges of the vanes. EHence, the total

‘prassure in these earlier inventions is attributadble to:

1) electrostriction in the dielectric air rediuw and
2) rmomentum transferred from the moving (outgoing) ions.

The combination of the above two electroxzinetic forces cause a substantial
air flow, and the slsctrode structure acts as a fan. By modulating the applied
electric field, a valving action is obtained and julses of air are produced.
These pulses are sound waves.

In the present patent application, applicant is shifting the erphasis to
the plasma-dynamics Of the corona itself. In other words, the expansion of the

coronal envelope around the fine-vire anodes {by increasing the electrical potential

thereon) creates a pressurs wave in the surrounding (air) medium. This is called
"corona pressure”.

Classical physics describes corona presswre as resulting from thermal
expanaionoftneimiudaas( lunpsthcmntxmotoutaoingim,,andtha
energy is represented as the loss in ths coronal savelope.
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Such explanation, besed solely upon thermal expansion (and contraction)
would necessarily introduce considerations of ion-transit time and thermal
inertia. These factors would cause an incresse in response time and limit
any corona-acoustical radiation to relatively low frequancies.

Plasma-dynamic speakers of the type referred to in this application
are not so limited, and proof of high frequency operability may be required
by the Examiner. As a motter of fact, speakers of this type are Zound to be
extraordinarily effective and efficient even ir the ultra-sonic range.

It follows, from empirical evidence, that a variation in the density
of corona plasma is transmitted to the ambient medium without tine lag, anid
this transmission cannot be due entirely to thermokinetic expansion and con-
traction of the plesma envelope as presently accepted theory would require.

Regardless of the theory bty which sound is produced in the present
invention, applicant has found that a loudspeaker built along the lines
suggested in the following epecifications is remarkeably effective. Such a
loudspeaker has smooth, highly-complisnt response thruout the entire audio
frequeacy spectrun and into the high ultra-sonic range. Flasma-dynaric speakars
are encirely free from inertial and/or Doppler distortion found in 211 diaphragnm
speakars.

The novel feeture of the present invention, around which claims are
largely directed, is the use of the cathodic chamber or "ecell" which serves
to confine the acoustical emergy momentarily while 1t is being emitted in the
corona. The result is an in-phase axplificsation of the acoustical energy
samewhat analogous to the amplificetion of light energy vithin a TASER.

(Cea referance D).

Io short, the essential featurs of the present invention is the confinsment
(witkin a compartment; of plasmi-generated sound for a gufficient time to permit
gonic "in-phsse reinforcement” of coronal intensity.

The compartments (cathodic cells) referred to herein may be described
as netallilc enclosures open at one end. Sound energy from the enclosed emitiers
18 built up within the cells and emission takes place out the Jpen end. A
large loudspeaker is made up of a plurality of such cells with enclosed emittors

electrically connected in parallel.

The present invention differs from the applicant's earlier diasclosures
in the following respects:

1) In reference (A}, electrodes are open to the arbient air
and electrohydrodynamic flow of the air takes place. In
certain practical applications this fan-action is obaectionable.

2) In reference (3), the electrodes are likewise exposed, at
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3; In reference (C), a thirxd element i{s added as a control grid
wut the electrodes are open to the ambisnt air and flcw takes

dlace.

In reference (D), the pressure-sensing capability of corona is
utilized to detect sound, as a nicrophone. (This capability is
employed in the present technique to arplify the sound within
the cells by adding in-phase re-emission).

3
~ .

5) In the present invention all emitters are enclosed within the
cells and no net air flow takes Dlace.,

It is an odject of ths present invention to provide an electrokinstic
transducer, loudspeaker or the like for the conversion of electrical energy

into acoustical energy.

Ancther objsct of the invention is to srovide a loudspeaker which is
responsive thruout the entire audio frequency range and extending well into
the ultra-sonic range, entirely free from inertiel and/or Doppler distortion.

Another object of the invention is t0 provids a loudspealksr with self-
amplifying in-phase augmentation of sound enerzy.

Another object of the invention is to provide s loudspeaer waich can
be assembled to any regquired size by adding modules or units.

Still anothsr object of the invention is 4o provide cn elecirokinatic
loudspeaier vhich confines its produced ozone and causes no net alr flow.

There are basic differences beyond the icachings of the applicant's
earlier inventions. Theae differencss, in pert, are brought out in the

following:
1) Greatly sizplified physical structure.

2) The cathodic cell provides the kay and constitutes the essential
element of this invention. Attention ia directsd to the advantages
3geired by the use of the cathodlc e¢al? zs dAistinguished from a
“plurality of electrodes connected in ....groupe” (cs claimed in
applicant's Patent No. 3,018,39%).

3)  Gound i3 gererated by 1 plurelity of emitters (fine-wire anodes)
positioned within szid cathedic cell.

L4}  Scund regencrztes within sech cathodic cell and ererges “rom one
end of satid cell throust soundepermesble cloth.
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Regeneration within cathodic cells is believed to cause acoustical
reinforcement from successive in-phase emission iriggered by pressure
wvaves upon the coroma. In this way, sonic enerzy is adled concurrently
+ith emission from the 2all. 7This appears to e somswhat analogous to
light amplification in the IASER.

re density of the sound emerging from each sathedic cell depends
upon the number and spyacing of the fine-wire enmitters contained
Lerein.

Paragitic vibration of the fine-wire emitters is redueced %20 a
ninima by positioning the same in balanced =lectrostatic fields.,

Such an electrode structure produces no net alr flow. (It does not
overate as an electrohydrodynamic fan). In 1ts application a3 a
loudepeaker, air {low may be objectiomabls.,

Czone gensrated by the corona is comtained within the cathodic cells
and 1is prevented from flowing ocut of the speaker 30 23 to prcduce an
odor. BSpeaker cloth which is relatively impermeable to ozaone, or lo
catalytically-active in decomposing ozone, i3 used.

Referring to the cable-type speaker (so called “soft-speaker”), a
serics of elongated charmbers taks she form of an indefinitely long
tube or hollow cable. Such a cableespeaker would have many useful
applications, as in hospital corvidors, vhere .niform distridution

of low=-density sound along the entire length of the corridor is
desirable., It must be recoznized, insofar as the novelty and patent-
ability of such a "cabla-speaker” is ooncerned, that there is no other
'22blu-speaker” on she market or (even) techuologically available today.
While tke applicant's claims in former petants may be construed 4o
include such a "cable-speaker’, it is the purpose of the present
application to ipsure this coverage spesifically.
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eferring to the attached drawirgs:

Tige.

1

xv]

{llustrates the simplest form of the invention. It is a sectional
view thru the center >f a single cathodic cell, together with a
diagram of the associnted circuitry.

1s a perspective view of cathodic eells in pexallel, constituting
the modules of a lerger loudspeaksr, together with associated
circuitry.

11lustretes an alternative forn of the invention whorein the cathodic
cell is circular in cross-section, the periphbery of which is an
apertured surface thru which sound is emitted from the cathodic cell.

13 a perspective of a tube-llike or "eable" speaker, representing an
elongated form of the cathodic cell i{llustrated in Fig. 3.

is a sectionmal viev of a cathodic cell, similar to that shown in
Fig. 1 with modulating circuit employing a vacwm tube rather than
a transformer.

1s similar to Fig. 5 except that a third element, operating &8 a
control grid, is interspaced in a common plane with the emitters.

s an alternative arrangement to that represented in Fig. 6 wherein
control zrids enclose or are placed at the sides of centrally loeated
enitters. ‘

Referring in detail to the attached drawings :

™g. 1 illustrates the rectangular form of ithe alectrically-conducting enclosure

or so-called "cathodic cell" within which sound is generated from electrical
siznals. Since the walls (1) of the cell must be electrically conducting
the cenmybecomnmntlyformdotmtu. The cell is open at one

end s0 as to provide an orifice thru vhich the generated sound is propagated
to the open air. This orifice is covered by sound permeable cloth (4)
vhich serves to confine the ionization within the cell and prevent the

ozone generated therein from resching the open air. Advantageously this
cloth may coantain catalytic agents, such as sintered metal powders, for
decomposing any ogons #aich may comein contact, thersby further insuring
ozone containment within the cell.
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A planar array of electrodes (2), consisting of a plurslity of equi-
amced Zine wires approximately .002" diamster, is positioned in the
certar 1long tha longitudinal axi3 of the cell so that the distance
betwcen juccassive rarallel wires forming “he grid of the array is
sporoximately the sars 18 the distance from the vires to the matallic
walls of the chamber. PFlanar array (2) constitutes the anode of the
devica ind 't is ocnnected “0 the sourcs of high voltage (5) by means
of coniuctor (5) thru insulated bushing {(3) thru tective resistor (7).
Tba 2egative side of high voltage power supply (6) is connected to the
secondary of modulation transformer (8) and thence to the zround. The
wall of chamber (1) is also grounded btut 18 negative vith respect to the
fine-wire zrid. In dsperation, power supply (6) provides h voltage
direct current (usually 10 to 20 XV) to the fines-wire grid%). The
resulting positive corona around these fine wires takes the fora of a
srooth, slightly luminous, envelope extending outwerd from the surface
of the fins wires approximately 1/6L of an inch in all directions. It
18 not an arc. Under pure DC excitation, this luminous envelope is
gilent; but when ‘he high voltage is modulated, as by & signal entering
the primary of transformer (8), sound {s gensrated by the corona around
the *ina-wire smitters which travels outward and is reflected by the
wvalls of the cell 30 as to return and concentrate again upon the plasms
source. Ths result is 2 regeneration of the sound energy vithin the
cell ty successive emission and re-emission oeccuring within and from
the coronal envelope. :

Scund energy appears to be added and in-phase reinforcement takee place
as the sound vaves travel successively from emitter to emitter toward
the orifice of the cell. This amplifying action has becn descrited at

length in the parsgraphs above.

while the structure and circuitry shown in Fig. 1 specifically describes
electrode (2) as the anode, it st bs understood that operation is
posnidble al3o with reversed polarity under certain special conditicns.

An exarple of a special sondition follows the use of elactrode coatings
to irprove or alter the amisszive characteristics. For example, fine-wires
may be coated with thorium oxide, alkali metals or other material of

lcw work functiom, to facilitate the evaporation of electrons.

In this avent, certain idvantages are derived by using reversed polazity
or aven 3F excitation. It 13 t0 be pointed out however, that AT excita-
ti5n is not ertirely satisfnctory or desirable for the reason that
excaasive hesting and arcing usually vesults, and furtherrore, the use
of "7 produces the possibility of radio interference which is pighly
objectionable.
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Pig. 2 1llustrates an assemblage of three cells or units connected in parallel.
latal contatners {i), {(la), & (1b) represent the individual cathodic
cells. The cut-away portion of container (1) showe grid frame (9) %
(ca) supporting varallel emitter vires (2),(2a),(2v) ste., positioned
along e central axis of the cell and counected thru insuiated bushing
5, uy eonductor (5, taru protective resistor (7) to bus {5a; which is
crergized by powar supply (8). dodulstion transforrer (3) is used to
convert wie sizmal iuput into variaticns la voltage suppiied to bus (5a).
“he mecsllic cages 5° 21) chanbers are Zxycwdled.

The wdular coustiuction, illustrated in Fig. 2, permits buiiding the
lcudspealer to any desired siza, Sound-permeable cloth (oot suown in
Fig. 2) 1s applied over the entire front of the assemblage Oof nodules
to provide 3 unified appearanca.

Fig. 2 descridee an alternative form of the inventlon. T™his erbodyment shows
tha cathodlc cell as circular in cross-section and eylindrical in shape.
™he walls (10) of the cell ars perforated so that the sound vaves pass
thru the perforations (as indicated by the arrows). In this form of
cathodic cell, the sound waves are gsn3ratad in the coaxial coronal
envelops ircund centrally-located metallic filament (11).

Jounx! regeneration takes place thru concenirie reflections within the
chamber and the sound waves move outvard radially. Bmitter (11) is
connected by lead (5) thru resistor (7) and energized from power supply
(6 tura wodulater (8), 25 in the previous Tlgures.

Plg. 4 I3 2 perspective of ths tute or cabla 3pealker. Tubes may ba connected
togathar to foim a s3eaker of indefinite length. where flaxivility is
required, 80 that the cable may be hent around cormers, the fina wire
18 keld {n i%s socaxial location by spacers (not shown) ir 2 manner well-
kxnown in the coaxial cable art. Such 2 cable speeker ic coveraed by
scund perzeadle cloth for the contsinment of ozone, as previously described.

Pie. 5 ie siailar t0 Mge 1 cxcept that emitlers {2a),(2b),{2c¢) etc., are
rodulated Sror the plate circuit of vacuun tube (155 ratber thun thru
the use of a wodu'ation transformer as set forth in tae former figures.
In +he representative circuit 1l1lustrated herein, the plate voliags of
the +ube is supplied thru ressistor (16) from power supply (&) and the
rodulaticn voltage is conducted to the anodic emiiters (2a;,(2b),(2c) ete.
thru capacitor (37).

Tz. 5 13 3inilar 4o Tig. § except that an arrsy of rods (12},(12a;(150) ete.,
oo3itioned midvay between omitters (2),{2a),(2v) ste., and in the same
plane tharewith, derves aé & control irid o influence the space charge
arouwnd the smittors. This control grid is modulated from the plate of
<he -mouum tube as indicated.
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Tiz. 7 1llustrates 2 circuit droducing essentially the seme result as that

shown ‘n 5. & but includes the use of two control grids (13),(132)
(13b) ete., and (1%),(14a),(1kb) etc., located in the spaces at the
sides of or surrounding emitters (2),{25),(8!:) etc., These two control
grids are electrically connected togather and energized from the plate
of ths vacuun tube as indicated. For the sake of simplicity the input
signal is merely shown zs being conducted in the conventional vay to
the grid of the vacuum tube.

Modulation circuits utilisging control grids are valuable and useful
in the present invention. The use of the control grid in s related manner 1is
covered in the applicant's co-pending Docket No. 8308 and the teaching is to
be repeated in the preseat specification. The patentabls material represented
" i{n this application is probably limited largely to the novelty of the cathodic
cell and the coperatiopal improvement which it provides over the applicant's
former loudspeaker patents.
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I claim:

()

(5)

(6)

(7}

(8)

Yatuod of converting alectrical signals into sound waves comprising
conf4ning corona from a higaly-charged 3lactrode -rithin 2n electrically-
conducting encleswe, completely closing zald enclosure extept for the
orifice tiyu which the sound genersted therein is propagated externally,
charging said elsctrode with respect to said enclosure so as to cause
corons ¢ varving the sharge therson ¢ as o produce zound weves.

in alaciroacoustice transducer comprising a plurality of corona-anitting
electirodes, an sleastricelly-conducting enclogure for said electrcdes
vhich 18 complote excapt for the sound-propegating orificz, means to
supply high potential to said electroder reletive to said encloswre and
means to vary sald potential according to a signal input.

A loudspeaker comprising a plurality of electricelly-conducting eunclosures
open at one end, 3rids of corona-emissive wires within scald enclosures,
means to supply hign potential to said grids and zeans t0 modulate said
potentials aceording to ixput eigacls.

A loudspeaker according to claim 3, including sound-permeable c¢loth to
cover the openings in 3aid enclosuras.

Cloth sccording to claim 4 impregnated with catalytic materials to
decorpose ozone.

A loudspeaier eccording %o ciaim 3, inciudlng corone-enissive wires
coating with materials to increase the 2insivity thereof.

A loudspeakar according to claim 3 including enclosures the inner surfaces
o? whish are 2o0ated with materials to increase negative emissivity.

A loudspeaker zccording to claim 3, ineluding conmtrol grids for modulaving
the electric *ield in the region of said corona-emissive wires.

Thonas Townsend Zrown
3anta lMonica, Jalifornia
July 12, 1967
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