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ELECTROKINETIC TRANSDUCER
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11 Claims. (Cl. 310—S5)

My invention relates to electrokinetic methods and ap-
paratus and has particular reference to apparatus em-
ployed as an electrokinetic transducer.

The apparatus disclosed and described herein was con-
tained in my application Serial No. 293,465, filed June 13,
1952, which application has become abandoned.

This invention utilizes heretofore unknown electro-
kinetic phenomenon which I have discovered, namely that
when pairs of electrodes of appropriate form are held in
a certain fixed spacial relationship to each other and im-
mersed in a dielectric medium and then oppositely charged

to an appropriate degree, a force is produced tending to .

move the surrounding dielectric with respect to the pair
of electrodes. I have also discovered that if the dielectric
medium is moved relative to the pairs of electrodes by an
external mechanical force, a variation in the potential of
the electrodes results which variation corresponds to the
variations in the applied mechanical force.

Accordingly, it Is an object of this invention to provide
a method and apparatus for converting the energy of an
electrical potential directly into a mechanical force suit-
able for causing relative motion between a structure and
the surrounding medium.

It is another object of this invention to generate a vary-
ing electric potential by the motion of a surrounding di-
electric medium with respect to a pair of electrodes sup-
ported in the medium.

Briefly in accordance with the aspects of this invention,
pairs of electrodes are connected to each other in groups,
each of the groups being connected in polarity opposition
to the other groups. A source of high voltage is con-
nected between each of the pairs of electrodes. The cir-
cuit may either be an input circuit or an output circuit de-
pending on whether the transducer is to be used to convert
mechanical energy to electrical energy or to convert elec-
trical energy to mechanical energy. Advantageously, this
circuit may include a transformer having a winding con-
nected to each of the groups of electrodes and a high
voltage source may be connected to one of each of the
pairs of electrodes and a center tap of the transformer
winding. Another winding of the transformer may be
utilized as part of the input or output circuit depending
on the particular use for the transducer as mentioned
above.

It is a feature of this invention to employ pairs of elec-
trodes connected together in opposing groups, a source of
high voltage connected between each of the pairs of the
electrodes and an associated electrical circuit for produc-
ing relative motion between the electrodes and the sur-
rounding medium.

It is another feature of this invention to connect pairs
of electrodes in groups certain of the pairs being urranged
in polurity opposition with respect to certain other pairs
of the clectrodes, to connect o source of potential between
each of the pairs of clectrodes and to connect an electrical
circuit 10 each of the pairs of electrodes.

It is another feature of this invention to provide an
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electrical transducer which includes pairs of electrodes
connected in groups, certain of the groups being con-
nected in polarity opposition with respect to certain other
of the groups, a source of high voltage connected to each
of the clectrodes and an electrical circuit coupled to the
electrodes for supplying varying electrical potentials to
the electrodes.

It is another feature of this invention to connect pairs
of electrodes to a source of high voltage, certain of the
pairs being connected in polarity opposition with respect
to certain other of the pairs, a high voltage source con-
nected between each of the electrodes and an input circuit
connected to each pair of electrodes to supply varying
electrical potentials to the electrodes thus causing the elec-
trodes to act as an electromechanical transducer.

It is a still further feature of this invention to convert
mechanical energy to electrical energy by means of a
transducer comprising pairs of electrodes connected in
polarity opposition and spaced from each other to permit
motion of the surrounding medium between the electrodes,
to connect a source of high voltage to the electrodes and
to connect an output circuit to each of the pairs of the
electrodes which output circuit will receive a varying voit-
age in responsc to variations in the motion of the sur-
rounding medium with respect to the electrodes.

Other objects and features of this invention will be ap-
parent from a consideration of the following specification,
read in connection with the accompanying drawings,
wherein:

FIGURE 1 is a side elevational view illustrating di-
agrammatically a simple form of apparatus embodying
certain of the principles of this invention;

FIGURE 2 is a plan view of the apparatus shown in
FIGURE 1; .

FIGURE 3 is a perspective view illustrating the man-
ner in which a plurality of devices of the character illus-
trated in FIGURE 1 may be interconnected for joint op-
cration; .

FIGURE 4 is a diagrammatic view similar to FIGURE
I illustrating a modified form of the invention providing
a mcans for reversing the direction of the propulsive force
produced;

FIGURE 5 is a digrammatic view illustrating the man-
ner of utilizing the apparatus described as a transducer
for interconverting electrical encrgy and mechanical en-
ergy.

Referring to the drawings, FIGURE 1 is a simple form
of apparatus which is readily adaptable for use in demon-
strating the principies of my invention, and which is uti-
lized in this application as a simplfied representation to
facilitate an understanding of the principles involved.
The apparatus illustrated in FIGURE | compriscs one
electrode which is in the form of a body member 20,
preferably comprising a relatively thin flat plate. A sec-
ond clectrode 21 in the form of a wire or other electrical
conductor is held as by means of insulated supports 22
in fixed spacial relation to the body 20, the wire 21 being
disposed in the planc of the body 20 and prcferably sub-
stantially parallel with a leading edge 23 of the body 20.
A source 24 of high voltage clectrical potential is pro-
vided and connected as shown at 25 and 26 to the two
electrodes 20 and 21, respectively.

I have discovered that when apparatus of the character
just described is immersed in a dielectric medium as, for
cxample, the ordinary air of the atmosphere, there is
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produced a force tending to move the entire assembly
through the medium, and this force is applied in such
direction as to tend to move the body 20 toward the
leading electrode 21, This force produces relative mo-
tion between the apparatus and the surrounding fluid
diclectric. Thus, if the apparatus is held in a fixed posi-
tion, the dielectric medium is caused 1o move past the
apparatus and to this cxtent the apparatus may be con-
sidercd as analogous to a pump or fan. Conversely, if

the apparatus is free to move, the relative motion be-.

tween the medium and the apparatus results in a forward
motion of the apparatus, and it is thus seen that the appa-
ratus is a self-propulsive device.

While the phenomenon just described has been ob-
served and its existence confirmed by repeated experi-
ment, the principles involved are not completely under-
stood. It has been determined that the greatest forces
are developed when the leading electrode is made posi-
tive with respect to the body 20, and it is accordingly
thought that in the immediate vicinity of the clectrode
21 where the potential gradient is very high, free elec-
trons are stripped off of the atoms and molecules of the
surrounding medium. These electrons migrate to the
positive electrode 21 where they are collected. This re-
moval of free electrons leaves the respective atoms and
molecules positively charged and such charged atoms
and molecules are accordingly repelled from the positive
electrode 21 and attracted toward the negative electrode
20. The paths of movement of these positively charged
particles appear to be of the nature represented by the
lines 27 in FIGURE 2.

It appears that upon reaching or closely approaching
the surface of the body 20, the positively charged atoms
and molecules have their positive charges neutralized by
the capture of electrons from the body 20 and in many
cases, it may be that excess electrons are captured where-
by to give such atoms and molecules a negative charge so
that they are actually repelled from the body 20.

It will be appreciated that the mass of each of the in-
dividual electrons is approximately one two-thousandths
the mass of the hydrogen atom and is accordingly negli-
gible as compared with the mass of the atoms and mole-
cules of the medium from which they are taken. The
principal forces involved therefore are the forces involved
in moving the charged atoms and molecules from the
region of the positive electrode 21 to and beyond the
negatively charged body 20. The force so exerted by
the system on those atoms and molecules not only pro-
duces a flow of the medium relative to the apparatus, but,
of course, results in a like force on the system tending
to move the entire system in the opposite direction; that
is, to the left as viewed in FIGURE 1 of the drawing.

Actual results have indicated that the wire electrode
21 may be of small diameter for low voltages, i.e. volt-
ages below 125 kv. but for voltages above this value,
larger hollow pipe or rod-shaped electrodes should be
employed.

In FIGURE 3, there is illustrated the manner in which
a plurality of assemblies, such as are shown in FIGURE
1, may be interconnected for joint operation. As may
be seen from FIGURE 3, a plurality of such assemblies
are placed in spaced side-by-side relation. They may be
held fixed in such spaced relation through the use of a
plurality of tie rods 28 and interposed spaces (not
shown) placed between adjacent plates 20. The assem-
bly of plates 20 may be electrically interconnected by
a bus bar or similar conductor 29 to which the negative
lead 25 is connected. In a similar way, the plurality of
positive leading electrodes 21 may be held in appropri-
ately spaced relation to each other by fastening their ends
to pairs of bus bars 30 and 31, to the latter of which the
positive lead 26 is connected. The assembly of leading
clectrodes 21 may be held in spaced relation to the as-
sembly of body members 20 by an appropriate arrange-
ment of the supports 22.
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In FIGURE 4 is illustrated diagrammatically an ar-
rangement of parts for producing a reversible action; that
is, permitting the direction of the propulsive force to be
reversed.  ‘The apparatus is similar to that shown in
FIGURE 1, differing therefrom in utilizing a pair of lead-
ing clectrodes 21f and 21r spaced by mecans of spacers
22 from the front and rear edges 23/ and 23 of the body
mcember 20 in a manner similar to that described with
reference to the supports 22 in FIGURE 1. The source
24 of high voltage electrical potential has its negative
terminal connected to the body 20 as by means of the
aforementioned conductor 25. The positive terminal is
connected as by means of the conductor 26 to the blade
27 of a single-pole, double-throw switch, serving in one
position to connect the conductor 26 to a conductor 26§
which is in turn connected to the forward electrode 21f
and arranged in its opposite position to connect the con-
ductor 26 to a conductor 26r which is in turn connected
to the reverse electrode 21r.

It will be seen that with the switch 27 in the position
shown in FIGURE 4, the apparatus will operate in the
manner described in connection with FIGURE 1, causing
the assembly to move to the left as viewed in FIGURE 4.
By throwing the switch 27 to the opposite position, the
direction of the forces produced are reversed and the
device moves to the right as viewed in FIGURE 4.

In accordance with the aspects of this invention these
forces may be utilized in at least two ways, a varying
potential may be super-imposed on the high voltage sup-
plied to the electrodes and this varying potential will
cause the electrodes to move with respect to the surround-
ing medium in accordance with the varying potential.
Alternatively, the surrounding medium may be mechani-
cally moved with respect to the electrodes which move-
ment causes corresponding variations in the electrical
charge on the electrodes by kinetic energy of the means
of the medium. The moving medium apparently scrubs
charged particles from the surface of the electrodes in a
manner similar to that of the fluid stream-electrode opera-
tion in the high voltage generator disclosed and described
in detail in my application Serial No. 669,727, filed July
3, 1957.

In FIGURE 5 is illustrated the principles of the inven-
tion embodied in a transducer for interconverting sound
or pressure wave signals and electrical signals. The appa-
ratus shown in FIGURE $ preferably constitutes a mul-
tiple assembly of the character shown in FIGURE 3,
utilizing individual units of the reversible type shown in
FIGURE 4. In place of the switch 27 shown in FIG-
URE 4, I utilize the center-tapped primary winding 33
of a coupling transformer 34, the center tap of the wind-
ing being connected to the conductor 26 and the end
terminals of the winding being connected, respectively,
to the conductors 26f and 26r. A secondary winding 35
of the transformer 34 is connected to terminals 36 and
37 to which the input signal may be applied, or from
which the opposite signal may be taken. The high volt-
age supply 24 is preferably shunted by a bypass con-
denser 38, serving to provide a low impedance path for
audio frequency signals. If the device is to be used as
a loud speaker or producer of pressure wave variations,
an electrical signal corresponding to the desired pressure
variations is applied to the terminals 36 and 37, as for
example signals derived from a microphone 39 after
suitable amplification in an amplifier 40, the output of
the amplifier 40 being connected as indicated by the
dotted line shown in FIGURE 5 to the terminals 36
and 37.

With no signal applied to the input transformer, the
high voltage which is applied to the electrodes 21f is
exactly equal to the high voltage applied to the electrodes
21r with the result that there is no movement of the
dielectric medium.  However, when a signal is applied
to the input transformer, the voltage applicd through the
electrodes 21f and 21r are caused to vary in accordance
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therewith and oppositely with res})ecl to each other so
that there results a net movement of the surrounding
medium in accordance with the frequency and magnitude
of the applied signal. The device thus operates as a loud
speaker or like transducer.

When the device is used as a microphone or other
pressure wave sensing device, the varying potentials
which are superimposed upon the applied high voltage
by the movement of the medium with respect to the
structure appears on the output terminals 36 and 37.
The output signals appearing on the terminals 36 and 37
may be converted into audible signals by connecting the
input of an amplifier 41 to those terminals as indicated
by the dotted line showing in FIGURE S, and by con-
necting the output of the amplifier 41 to a loud speaker
42 or other sound-producing device.

In accordance with the foregoing explanation, it is
apparent that the apparatus herein disclosed and described
represents a unique arrangement for the inter-conversion
of electrical and mechanical energy. With this simplified
apparatus, it is possible to convert electrical energy to
mechanical energy in the form of sound or other mechani-
cal vibrations by the use of pairs of electrodes rigidly
connected to each other by insulating supports, certain
of the pairs of electrodes being connected in polarity
opposition with respect to certain other of the pairs of
electrodes.  Further, this structure is adapted to produce
electrical signals in response to the mechanical motion
of the medium surrounding the electrodes and these
signals will be representative of the variations in the
mechanical energy so applied. This apparatus may also
be connected in suitable electrical circuitry in such a
manner that the apparatus will act both as a transducer
from electrical to mechanical energy and as a transducer
from mechanical energy to electrical energy.

While I have shown and described various embodi-
ments of my invention, it is appreciated that the principles
thereof may be extended to many and varied types of
machines and apparatus. The invention therefore is not
to be limited to the details illustrated and described
herein.

I claim:

1. An electromechanical transducer comprising a plu-
rality of electrodes connected in first and second groups,
said groups being secured together, a source of direct
current potential having one terminal connected to said
first group and another terminal connected to said second
group and alternating current means connected to said
first and said second groups, one of said groups com-
prising electrodes of substantially greater surface area
than the other of said groups.

2. A transducing device for producing relative motion
between the device and the surrounding medium com-
prising pairs of electrodes mechanically connected 1to-
gether by insulating supports, one electrode of each of
said pairs being connected in one group, the other elec-
trode of each of said pairs being connected in another
group, direct current mcans connected to said groups
and mecans for applying a different electrical signal to
each of said groups, one of said groups of electrodes
comprising substantially flat members having a greater
surface arca than the electrodes of the other of said
groups.

3. An electromechanical transducer comprising pairs
of clectrodes connected together in opposing groups, a
source of high direct current voltage connected between
each of suid groups and an alternating current electrical
circuit conpled to said electrodes whereby said transducer
is adapted to produce relative motion between the elec-
tracles and the surrounding medium, one of said groups
of clectrodes comprising substantially flat members hav-
ing a larger electrode area than the electrodes of the
other of said groups.

4. An electromechanical transducer comprising elec-
trodes connected in groups, a source of potential con-
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nected between each of said groups of electrodes certain
of said groups being arranged in polarily opposition with
respect to certain other of said groups and an alternating
current electrical circuit coupled to said groups of elec-
trodes, one of said groups of electrodes comprising sub-
stantially flat members having a larger surface area than
the electrodes of the other of said groups.

5. An electromechanical transducer comprising pairs
of electrodes connected in groups, a source of elcctrical
potential connected to each of said electrodes certain of
said groups being connected in polarity opposition with
respect Lo certain other of said groups, and means includ-
ing an alternating current electrical circuit coupled 1o
said electrodes for supplying varying electrical potentials
to said electrodes, the electrodes of one of said groups
having a greater surface area than the electrodes of the
other of said groups, one of the electrodes of each of
said groups being in a common plane.

6. A circuit for converting mechanical energy into elec-
trical energy comprising a plurality of electrodes con-
nected in groups, a high voltage source connected be-
tween each of said groups of electrodes, certain of said
groups being connected in polarity opposition with respect
to certain other of said groups and an alternating current
electrical circuit connected to each group of electrodes,
the electrodes of one of said groups having a greater
surface area than the electrodes of the other of said
groups.

7. A circuit for inter-converting electrical and mechani-
cal energy comprising a plurality of electrodes mechani-
cally secured to each other by insulating members, cer-
tain of said electrodes being secured in polarity opposi-
tion with respect to certain other of said electrodes, a
high direct current voltage source connected between
said electrodes and means including an alternating cur-
rent electrical circuit coupled to said electrodes for receiv-
ing and delivering electrical energy with respect to said
electrodes, certain of said electrodes having a larger sur-
face area than certain other of said electrodes.

8. A circuit for inter-converting electrical and mechani-
cal energy comprising a plurality of electrodes mechani-
cally secured together by means of insulating supports,
certain of said electrodes being connected in polarity
opposition with respect to certain other of said electrodes,
a high direct current voltage source connected to each of
said electrodes and an input circuit connected to said
electrodes for supplying varying electrical potentials to
said electrodes thereby causing said electrodes to act as
an electromechanical transducer, certain of said elec-
trodes being defined by relatively flat members having a
larger surface area than the other of said electrodes.

9. Apparatus for producing relative motion between
a transducer and the surrounding medium comprising a
plurality of elcctrodes insulatably connected to each
other, certain of said pairs being connected in polarity
opposition with respect to certain other of said pairs, a
source of high direct current voltage connected to each
of said electrodes and means including an electrical cir-
cuit connected to each of said pairs to reccive and deliver
electrical encrgy relative to said electrodes, one electrode
of cach of suid pairs being defined by a relatively large
surface area with respect to the other electrode of said
pair.

10. An eclectromechanical transducer comprising a plu-
rality of substantially flat electrodes, a plurality of elec-
trodes having a smaller surface area than said first-men-
tioned plurality of electrodes supported in fixed spaced
relationship with respect 1o the edges of said flat elec-
trodes and substantially in the planc thereof, power means
connected to cach of said electrodes to impress high direct
current voltage thereon and alternating current circuit
means coupled to said electrodes.

Il. An electromechanical transducer comprising a plu-
rality of substantially flat clectrodes, a plurality of elec-
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to the edges of said flat electrodes and substantially in
the plane thereof, said last-mentioned plurality of elec-
trodes having a smaller surface area than said substan-
tially flat electrodes, power means connected across said
electrodes to impress high direct current voltage thereon,
and alternating current detector means coupled to said
electrodes to detect variations in the electrical voltage
thereof caused by movement of the-ionizable dielectric
medium surrounding said electrodes.
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