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CCMMENTS :

A) U.3. Patent ¥o. 2,949,550 - "Electrokinetic Apperstus”
B} .S. Patent No. 3,018,394 - "Electrokinstic Tranaducer"”

1) In {4), a two-alement (2 slectrode) structure is shown wharsby slectrical
energy 1s converted dirsctly inte fluid flow without the aid of moving
parts. The davice has immediste commsrcial application as a noiseless fan.

2) 1In (B) the aams basic two-electrods structure shown in {A) is electrically
modulated to sarve as an electro-scaia trmnsducer. An altersating current
(sigual) 1s superimposed upon the direct ¢urrent biass to produce pulses
of air or sound vaves. The davice operates either as a loudspeaker ox
tha converse, as a microphone. The dissdvantage af the ayatem is that,
eapecainlly with a large loudspesker, the entirs supply current must be

 modulated by the signal., This requires an sxcessive amount of signal
epergy and expensive amplifisrs. o : '

3) In the present spplication, a third slement fa included as a “control
grid" in much the same manner {and for the same reason) as the grid of
a triocde. In this cass howsver, tha grid sontrols the shape of tha

. alectrie field and hence the emission of fons from the finm-wire anode
in ths direction of the plates (aathodes). The tranafer of momentum
from ious to the host medium (air) snd tha elsatrostrictive i
effect upon the fiuid dialesctric cawse the dlelectric flutd (air) to
move in the divection of the divergence of the elsatric field., The
polarity ia not specific. The polarity may be revarsed without changing
the direction of the air flow. The voluw of flow vith reversad polarity
is approximmtely the same, but reverssd pelarity results in undesirable
ajde effects. When the fine wvire iz negative, s "besded" type of aoroma
(quite different from the smoothly-luminous positive dorona) surrounds
the wire. The "bends" ars regions of sxcessively high (los=sl) fisld
gradients and produce large quantitiss of ozone and a hissing sound.
Positive corona, therefore, is yreferred. :

4} In genaral, the invention reprasanted in the pressnt flow control systam,
paminds one of the advantage gained, in the history of the vazsuum tube,
by the addition of the control grid (DeForeat et al) to the earlier dlode
rectifiars (Edison effect). The grid placed betwesn the filament and plate
sontrolled the flow of electrons from the cathods to the aroda. This
regulted in the concept of the eleotronic "valva” and, hence, the powar
amplifier by vhich rejatively largs plate current could be controlled by
almost insignificant grid current. Thw application of the econtrol grid to
the vacuux tube diode was a major Dreakthru in early radlo technology.
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The situstion is much the same in the present invention exceph that

the flow is now composad of air loms or fluid ions, usually {tho not
necesaarily) at atmospheric pressure. In tha Dressnt inatance, the
grid controls the flow of tha fluld, gaseous or liquid, thru the ‘
elactrode assembly. But it also cperates as an asplifisr, eitber to 7
control the reldtively large anergy of fluid flow or to control

eurrent in the "plate circuit” similar to a 3J-element vacuum tube.

Undoubtedly thete miy be spacial applicatiocns where controlled flow
of a fluid medium is not necegsarily the objective and A Qurrent
amplifying devics, based on the above affect, way be more useful.
If eo, thers should be claims directed toward this posdibility.

The #low-control described herein would appesr to have ita principal
P1e1d of usafulness as an elsctro-acoustic transducer or loudspesker.
The slactro-acoustical efficiency, tecause Of the amplifying action,
appaars to be at leaast one order of megnitudas higher than that of

. aonventional alsctromgnetic or electrostatic loudspeakers which have
oo amplifying capability. This increase in efficlenay ie intrinsic

in the contzol grid. The small aigoal current applied to the grid
produces relatively large acoustic output, vith the additional ensrgy
being supplied by the relatively inexpensive IC bias. The davice opwrates
coneurrently as an amplifier snd tramsducer. It is important to ropeat
that this is not the case with any other type of loudapesker on the
market today. ' . '
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SUGGEITED SPECIFICATIONS @

1)

2)

3)

1)

2)
3)

h)l

Thia igvention relates to fluid flow-comtrol devices vhereby
a varying slsctric input is made to sontrol or regulate ouljut
pressure or flow of an ionirable disleetric fluid. -

This in'mntion‘ relates to elsctro-acoustie transducers, loud-
spesnkers or the 1like, vhersby an elsctric wignal produeea Bound
without the aid of » diaphrqm or other moving part.

. Thia ;.nvuntim relates to amplifying devices wharsby relatively
. eoall input energy triggers, controls and generates a relatively

large outpul energy.

This invention features & fluld contrel system vhich has no
moving mechanical parts, the response of vhich is practieally
instantanaous., .

This invention fsatures & systam miuh is notseless in oparut.inn.

8308

This invention features & loudepeaker wiich operstes with umisually

high aignal efficiency by rwason of the faet that it is an alectro-

acoustia azpliifiar. This lowdspesker bas no diaphragm or other

moving element and has virtuilly ne inertial or Doppler diatortion.

This invention featurss a louwlspsaker vhich bas a full-range
frequency responss (believed to extend from a favw aycles per
sacond t0 bayond 250 KO per secopd in air at atmospheric masm)
frae from rescnsnce peaks o msahanioal distortion.
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Referring to the attached drawings:

Figz, 1 iz a diagram of sn elactrical aireuit with aigsoainted
algetrodes by vhich a flow of » medlum is controlled.

F1g. 2 18 a dlagram of & circult with assacimted electrodas
by which flow pulses or sound waves sre producsd.

Fig. 3 is a disgram, partly in parspective, showing the
: physical structure of electrodes set forih in Pig. 1

Fig. U4 1s an alsctrical eircult produclng results aimilar to
that in Fig. 2 but using a vacuuin tube for producing
tha modulated signal mthnzf than & transformer.

Plg. 5 is a perspective Alagram similar to Fig. 3 showing a
tyo-sided electrode structure to produce s "push-pull’
action for the genarsticn of sound vaves.

Fig. & 18 a circult diagram showing the application r:f VEROUUM
tubes for "push-pull” cperation as in Fig. 5.

‘Refarrisg in more detail to the attachad dravings:

Fig. 1 11lustrates the simplast form of the iavention and sete forth
' the aircuit by which the sontrol prineipls is applied to the

flow of & dielectric fluld. The diagram illustiates basloally
three elestrodes. Filaform elactrode 1 consists of a fina wire
or grid of fine wires. Thesa vires are usually leas than 003"
in diemeter and may be formed of any conducting materisl, siain-
less steel, tungsten or the llke, vhich Is both machanically
atrong and resistant to corrocaion. In practice, stainless staal
wires approrimately .0015" to .0025" dimmater have been found to
ba satisfactory. '

High voltage is provided by power supply 5. In sost applications
the requirements call for 7,500 te 25,000 volt with current demanda
proportional to the slze of the eystems. Current requirements ‘
wsually range from 1 milliampers up £9 ssveral hundred millismperes.
for the larger installatioms. A convenisnt form of pover supply
includes & 60 oycle step-up transformer and & voltage-tripler
rectifier circuit with ripple less tham 1%. Depending upun the
$ystem requiremante, sither the positive or negatlve output.side of
the pover Supply mey be groundad, or the entire power supply may be
floating vith resepect to the ground. The ground connection In ne
way affectd the rate of flow or controllability of the flow.
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When snargized, electrode 1 1s surrounded by a zorcopml snvalope
which is smooth, silent and slightly luminous. The air in tha
region of the anvelope ls intensely ionixzed, gepnerating both
positive and negative fons. The negative ions ars pulled into
the positive electrode and digcharged. The positive ions are
repelled by the fine-wire elactrode and trmvel outward in the
general direction of electrode(s) 3. The arreangesent and spacing
of these electrodes iz such as to provida a divergent eleotric
field from electrodes 1 outward toward slaatrodes 3. Fositive
iona falling thru this electris fleld tand to Accelerate in the
direction of 1 t¢ 3 and transfer their mowsntum to tha host
medium (air) in doing eo. Alr is then driven thru the electrode
structure by "ion mmentum transfer”.

- Concurrently, electrostrictive gasdynmria foroes are creatsd in

"the divergent electric field which tends to Arive the entire volume
of dielectric fluid in the space betwesn the electrodas in the
direction of the divergence of the elsctrostatic fiesld. GCesdyoamic .
pressure is initiated in the coronal enwvalope (so-called corona
pressura) and this extends outward in the direction of the divergent
sleatrostatic field, i.s., towards electrode(s) 3. This pressure

is constant when the fiald is constant.

If, however, the field varies this pressure varies instantly.
Control electrode 2, placed in the diverpent rlald is capable of
altering the fiald according to the charge it oarries. Bence, a
variation in the potential of electrods 2 ocsuses s shange in the
shape ag the steady elesctrostatic fisld created bDetween electrodes
1 and 3748 to affect the cordna pressure and the sugmentation of
corona pressure produced by electrostriction. The sudden change in
prassure produces sound waves. . ‘ :

Flectrostrictive gasdynamic pressiure asugoents the flow produced by

ion momertum transfer. Hoth of the abows predsurn componantsa, tanding
to cause flow of the dialsctric wedium, are governed by the shape

and intensity of the slactrostatic fiald betwoen e¢lactrodes 1 and 3.
Flactrostrictive gasdynamic pressurs is virtually instantaneous with
the applied electric fisld vhereas pressure resultipg from ion-momwentum
tranafar is relatively slow in tuilding up. (This is because of the
"tima-of-flight” of the slow-moving positive ions). ‘

Elgotyods 2, in the form of & wire grid Or screen, is placed in the
electrogtatic risld between electirodes 1 and 3. A variation in the
slectrical potential of elactrode 2 readily affecis the ahabe and
intenaity of this field and, henes, affeots the resultant flow of
dielectric madium thru the fleld.

in Fig. 1, for purposes of describing the besic aspeots of the
invention, the alectrical potential applisd to alactrode 2 is rariad
by chwostat 4. When the slider of this rbeocstat is in positlon "A"
the potential of control grid 2 is the same as that of alsctrode 1.
This virtually eliminates the fisld arcund ealsctrode 1, extinguishes
the corona arcund electrode 1, etops the generatiom of lons and



Docket No. 8308

minimizes the resulting flow of dielectric fluid.

When the alider of rheostat 4 is in position "B", the electro-
gtatic field around elsctrode 1 i8 increased and the soronal
envelope and ion emission is intensified. This results in
{ncreased flow of dielectric fluid thru the system of slectrodes
#0 thet when rheostat 4 1s in position "B" this flov is maximum.
The rate of flow can be varied or modulated by changing the
potential of electrode 2 by shifting the rheostat betwsen positions
IIAH E.Ilﬂ. HB“. .

Mg, 2 1llustrates a basic structurs a"i.ni'lar to that of Fig. 1 axcept that
tha potential of control grid 2 is shifted rapidly modulated) by
_ transformar 6 frowm a signal input.

Pig. 2 shows high voltage pover supply 5 with mid-point, connected

to one side of transformer 6, which mid-point mey also be grounded

if such grounding is deairabls. Rapid fluotuations in the potential
applied %o control grid 2 cause virtuslly instantanscus flow pulsen

to be emitted by the system (as shown by the errows). This results
mainly fPom elactroatrictive phedymante pulsesrather than lon-momentum
tranasfor. When the potential of the control grid is comstant the
resulting rlow of dielectric mwedis is constant,

Fig. 3 is a dlagram similar to Fig. 1 with electrodes 1, 2 and 3 shown in
perspective. Electrode 1 is a grid of fins vires, conirol elscfirode
2 is a grid or scruen of ccarse vires (vith wire diameter exceeding
.025%),  Electrode(s) 3 is an edgevise array of plates made of con-
ducting or partially-conducting material. Metallic plates are
gatisfactory in most cases. Even a screen way be used in placs of
the edgewise array of plates, but screen is found to be lmss eatisfactory.

Where very high voltsages are used or when inter-ele¢trode apacing is
amall, it is found desirable in scme cases to use plates of poorly-
econducting materisl. Ths reason for this ia to prevent dmmaging
alectrical break-down scross the air gap betwean the elactrodes.

When plates 3 are fabricated of a materilal (such es a plastic loaded
wigh carbon, ar) s0 as to have a resistivity in the range from

10° to 10" ohms per sublc cembimeter, the possibility of demaging
spark breskdown to the edge of the plates 1a virtually elimioated.
The low conductivity provents the localization of an lntense elsctric
rield which muat preceds spark breakdown.

Tt 1is also helpful to provide the leading sdges (edges nearest the
snodes) of electrodes 3 vith a subsiautial radiue 80 &8 to eliminate
sharp edges facing the highly-charged gride. It is found that well-
rounded edges improve not only the flow but the quality of the sound
produced by the device when opearating as a loudspesker. Troublesome
hissing is almost completely eliminated by rounding ali satfadic. edges.
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Iz an alectrodz system where 1t 18 of primary importance, as in

the present invention, t0 create a divargent electrostatic field and
where the oparating efficlensy depends primarily on the degree of
divergence, the electrode shape and fiald gecmetry are important

if not critical. The flne-wire elsctrodss must have minimm surface
aresa and the plate electrodes must have a surface area several orders
of magnitude larger. The operability depends upon area differential.
The effectiveness also depends on the emissivity of the electrodes,
f.e., the anodes for the emission of positive fons and the cathodes
for the emissiop of electrons and the establishment of & negatlive
apmce charge. Toward this and, it is desiradle to coat the glectrodes
with materials to increase their eaissivity. ‘

" In certain spacial casee, cperation is improved by hesting the

" alectrodes to provide tharmal ijonfzation and the emission of thermions.,
‘Toward this end, the fins-viye ancds ¥y be heated by including the
soms in a resistance-heating elesctrical oircuit. Bince this is an
obvicus arrangement it 1{a not shown specifically in the dravings. .
Coating the elet¢trodas with such materials as cesium or barium chloride,
thorium oxide or. sertain radicactive sateriale may be resorted to
vhenever indicated. ‘ ,

Fig. 4 18 a disgram of an acoustic pulse-forming system similar to that
shovn in Fig. 2 but wsing & vecuunm tuba (6A} instead of a transformer
for snergizing the control grid 2 from s signal input. Resistor 7
i3 a current-limiting protective device to prevent & breakdown in the
air space between elsetrodes 1 and 2 dwring excessive voltage peaks.
Resistor 8 conducts plate currewnt to triods (6A) , permitsing the
control grid 2 to engsge in voltage swings fromthat representad by
the limit of the power aupply 5 to slmost ground potential, depending
upon the signal applied to tha grid of the triode. L

In short, the snergy of the input sigoal is amplifiied once in the
tricde and again in the flow-control systam. A relatively smll
input sigoal results in the generation of heavy flow pulses or
sound wvavet.

Pig. 5 is a diagram, along with a perspective viev, of tha screens and .

‘ Plates of a sound genersting system for "push-pull™ operstion. Due
to the fact that the electrode structure is elsctrically balanced
there is no net flow of air as in structursa previcusly 1llustrated.
Sound waves are produced by the electrical action upon the air
colum between the alectrodss, first in ona direction and then in ‘
tha other. It ia to be notsd that slectrodes 9 and GA are aconectad
togethar to tha negative side of the pover supply 13. The positive
s1dg of the powsyr supply is connscted to tha fine-wire grid 12.
Coargse-vizre grids 10 and 1l arw connected to opposite ends of the
sacondary of tranaformer 1L, tha midpsint of which sonnecta tO that of the
power supply 13 and to the ground (if a ground ig desirable). Signal
input to the primary of transformer 1l is stepped up to produce
relatively high opposing potentials between control grids 10 and 11
g0 that pressures are directed first oms way, then the other, (left
or right se indicated) causing a push-pull generation of sound vaves
in the air column. ‘
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Fig. 6 1s a diagres including vacuam tubes to produce essantially the
same result as that shown im Pig, 5 but free from the dlstortion
introduced by & high voltage transformer (with its frequency
limitations caused by ita inter-winding capecitance,ete.). The
syatem set forih in Fig. 6 is desirable because of its high '
fidality capebility. ' |



