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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
The present invention relates to new and novel ionic 

triode device and more particularly to an ionic triode 
device wherein an ion flow is established between ?rst and 
second electrodes and a control electrode is provided for 
controlling the ion ?ow between the ?rst and second 
electrodes to accomplish the purposes of the invention. 
The present application is closely related to our concur 

rently-?led application, Serial Number 606,784 entitled 
“Ionic Diode Device” which discloses a device wherein 
only two electrodes are utilized. The present invention 
employs three electrodes having a novel relationship to 
one another which provides certain advantages over the 
device disclosed in our co-pending application. 

Although the present invention is adapted for use in 
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various applications, it is especially adapted for use as . 
a loud-speaker. In sound reproducing systems, the loud 
speaker presents the most serious problems in faithfully 
reproducing signals. Conventional loud-speakers employ 
electromagnetic arrangements wherein cones or tdia 
phragms of various types are caused to vibrate by mag 
netic, electrostatic or piezo-electric means, and in response 
to vibrations of the cones or diaphragms the air is caused 
to vibrate correspondingly, thus producing sound. Such 
conventional loud-speakers have a number of inherent 
disadvantages which cannot be eliminated with conven 
tional constructions. The disadvantages of such con 
structions may be generally termed their mechanical im 
pedance which is due to the mass, compliance and resist 
ance of these devices. The mass of such a system con 
sists of the effective mass that the coil and cone assembly 
o?cr to the vibratory frequency involved plus the ?uid 
mass of the air in contact with the vibratory element. 
The equivalent compliance is determined by the vibratory 
element suspension, the coil mounting and closed air 
spaces. The effective resistance to motion includes such 
factors as eddy current losses and sound energy radiated. 
As a consequence of the previous factors affecting the 

operation of conventional loud-speakers, all of such 
speakers are characterized by the fact that they may have 
one or more resonant frequencies such that a ?at response 
is not obtainable within the audio range involved in loud 
speaker operation. The net result is that all conventional 
loud-speakers su?er certain limitations which prevent the 
desired degree of faithfulness in sound reproduction. 
The present invention utilizes an arrangement wherein 

a ?rst ?red elongated electrode is spaced from a second 
?xed electrode and a D. C. potential is impressed across 
these electrodes, the D. C. potential being of such a 
magnitude than an ion flow between the electrodes is 
produced, resulting in corona. The ion ?ow between 
the ?rst and second electrodes may be controlled'by means 
of a third control electrode spaced from and positioned 
closely adjacent the emitting area of the elongated elec 
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trode.v A D. C'potential is impressed across the ?rst 
and third electrodes and by varying this potential, the ion 
?ow between the ?rst and second electrodes may be 
modulated. It is emphasized that the D. C. potential be 
tween the ?rst and second electrodes must be maintained 
below arcing potential for any given con?guration of 
electrodes, since if an arc is produced the device will not 
operate in the proper manner because the ion flow in such 
a state is not sut?ciently controllable to obtain linear 
results and further, the arc itself will produce undesired 
nolse. . 

It is apparent that the present invention employs a 
construction which has no moving parts, and accordingly 
the disadvantages inherent in prior art systems due to 
mechanical impedance are entirely eliminated. In ad 
dition, the present invention operates in atmosphere 
whereby no particular enclosure is necessitated to ensure 
satisfactory operation. A loud-speaker constructed ac 
cording to the present invention has a substantial linear 
region of operation such that a ?at response is obtainable 

. in the audio range frequencies and the device does not 
have ‘any resonant frequencies, whereby peaks are sub 
stantially eliminated during operation. 
The exact manner of operation is not well-known at 

this time, but the principle as presently understood is 
set forth hereinafter. When an electrical ?eld is estab 
lished in a gaseous media, and the magnitude of the elec 
tric ?eld is increased, the gas breaks down in two major 
steps. The ?rst step is" a breakdown at either one or 
both of the electrodes, and the second step is a breakdown 
of the entire air gap between the electrides. A mani— 
festation of breakdown or discharge at the electrodes 
themselves is the emission of light, generally termed 
corona. As the potential is further increased, current 
flow increases until spark potential is reached at which 
time an instantaneous transition occurs and the entire 
air gap breaks down into a narc. 
Breakdown in the corona region generates no appre 

ciable amount of heat whereas breakdown in the arc 
region is accompanied by a large increase in heat and 
thermionic emission occurs. An undulating arc, as is 
well known, produces sound which may be termed noise 
of a high order. If such an arc is modulated by an audio 
signal, a degree of intelligible sound is obtained but the 
output of such a device is a summation of the inherent 
noise generated by the arc and the intelligible sound. It 
is obvious that such a device is of no real value in faith 
fully reproducing sound such as is desired in conventional 
loud-speakers and devices of this type were demonstrated 
at the turn of the twentieth century as a novelty, but no 
further development or practical use has been made of 
such devices. In contrast to the high noise level of an arc, 
the present device employs a controlled corona which has 
a low inherent noise level making the device practical for 
reproduction purposes. 

In the present invention, a D. C. potential of relatively 
high magnitude is impressed across the ?rst and second 
electrodes thereof. The ?rst electrode is provided with 
an elongated con?guration having a relatively small emis 
sion area. A second electrode may be formed in various 
con?gurations and is provided with a collecting area which 
is substantially larger than the emission area of the ?rst 
electrode. The potential gradient between the ?rst and 
second electrodes is of su?icient magnitude to cause ions 
to ?ow between the two electrodes, thereby establishing 
a static condition wherein an ion beam is produced be 
tween the two electrodes. In the static biased condition 
within the limits of range of the operating potentials em 
ployed when thedevice is operating as a loud-speaker, 
there is no propagation of sound within the audio spec- 
trum. The potential impressed across the ?rst elongated 
electrode and the third or control electrode is adjusted 
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such that the control voltage is biased to the midpoint of 
the linear static curve obtained when the third electrode 
voltage is plotted versus the second electrode current. 
Upon applying a modulating peak-to-peak voltage Within 
the static range, a directly proportional ionic ?ow is ob 
tained between the ?rst and second electrodes which in 
turn causes a release of energies that result in audible 
sound. The sound produced is consequently a faithful 
reproduction of the control voltages impressed upon the 
electrodes of the device. Apparently the dynamic ionic 
?ow causes physical vibrations in the atmosphere ad 
jacent to the device which set up sound waves in the air 
which in turn are propagated in a conventional manner. 
The analogy and diil’erences between the present in 

vention and a conventional vacuum tube triode should 
be noted. As in the case of a conventional vacuum tube 
triode, three electrodes are provided with the ?rst elon 
gated electrode of the present invention corresponding to 
the cathode of a vacuum tube, the second electrode of 
the present invention corresponding to the plate of a 
vacuum tube, and the third or control electrode of the 
present invention corresponding to the grid of a vacuum 
tube. At this point the analogy between the two types 
of devices ends. Devices according to the present inven 
tion operate in atmosphere wheareas conventional vac 
uum tubes cannot properly function in such an environ 
ment and must either be provided with an evacuated en 
velope or an envelope containing various rare gases in 
accordance with the function of the tube. In addition, a 
bias voltage is impressed between the ?rst and second 
electrodes in the present invention whereby ionization 
is produced largely by collision and partly by photoelec 
tric effect in contrast to the thermionic emission which is 
utilized in conventional vacuum tubes. A further im 
portant distinction of the present invention from the con 
structions incorporated in conventional vacuum tubes lies 
in the fact that the control electrode in the present inven 
tion must of necessity be disposed outside the area of 
corona or intense ion ?ow, whereas in conventional vac 
uum tubes it is essential that the grids thereof be dis 
posed directly in the path of electron ?ow between the 
cathode and plate in order to control such electron flow. 
It is accordingly apparent that there are a number of im~ 
portant structural and functional distinctions between the 
construction and operation of the present invention and 
that of conventional vacuum tubes. 
An object of the present invention is to provide an 

ionic triode device which is operable in atmosphere and 
employs no moving parts. 

Another object is to provide a new and novel loud 
speaker which has no resonant frequencies and which 
provides a ?at response in the audio range. 
A further object of the invention is to provide an ionic 

triode device which is simple and inexpensive in construc 
tion yet sensitive and reliable in operation. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein: 

Fig. 1 is a cross-sectional view of an electrode con 
?guration according to the present invention; 

Fig. 2 is a schematic diagram of an electrical circuit 
employing an ionic triode device according to the present 
invention; 

Fig. 3 is a cross-sectional View of a modified electrode 
construction; 

Fig. 4 is a cross-sectional view of a further modi?ed 
electrode construction; 

Fig. 5 is a crossssectional view of another modi?ed 
electrode construction; and 

Fig. 6 is a graph illustrating the control electrode vol‘ 
age versus second electrode current characteristics of the 
device shown in Fig. 5. 

Referring now to the drawings, there is shown in Fig. 1 
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A 
a ?rst electrode 10 formed of a suitable electrically con 
ductive substance such as a metallic rod, for example, 
the outer end 11 or emitting portion of the electrode being 
preferably tapered to a sharp point although it is not 
necessary to taper the electrode at all if it is made of a 
sut'?ciently small diameter such that the electrical ?eld 
emanating from electrode 10 is effectively concentrated 
near the tip of the electrode. It is essential that the ?eld 
e concentrated at the emitting area of electrode 10 which 

is preferably the extreme outer end thereof whereby a 
corona is produced enabling an ion ?ow to be generated. 
A ‘second electrode 15 formed of a suitable electrically 

conductive substance sucl as steel or copper is spaced 
from electrode 10, the surface 16 of electrode 15 pro 
viding a collecting area for the ions ?owing from elec 
trode to electrode 15. Electrode 10 has a longitudinal 
axis X—X extending therethrough as shown in Fig. l and 
electrodes 10 and 15 are formed symmetrically about this 
axis. Accordingly, electrode 10 has a generally cylin 
drical con?guration, and electrode 15 is formed as a cir 
cular plate having a circular opening 17 extending there 
through. Electrodes 1.0 and 15 may be supported in 
position by any suitable means (not shown), preferably 
formed of insulating material, and electrical connections 
may be made with the electrodes in a well-known man 
ner. When a suitable D. C. potential is impressed across 
electrodes 10 and 15, a corona is produced and a rela 
tively well-de?ned area of intense ion flow is created be 
tween electrodes 10 and This area of ion flow will 
assume a generally conical con?guration and is indicated 
by dotted lines it; in Fig. 1. 

Opening 1'7 formed centrally in electrode 15 provides 
an area of dielectric material, in this case air, which is 
aligned with the longitudinal axis of electrode 10 and 
assists in producing the desired con?guration of the 
corona or area of intense ion iiow, and at the same time 
provides an opening whereby sound waves may be trans 
mitted through electrode 35 such that the Volume of the 
device is substantially increased over that obtainable 
when no opening is provided. it should be noted, how 
ever, that such an opening is not essential for operation 
of the device, and opening 1'7 may be ?lled with a suit 
able dielectric substance such as plastic or the like. In 
either case, it is apparent that the dielectric substance 
positioned within electrode 15 ensures the desired con 
?guration of the corona area. Electrode 15 may also be 
formed as a solid plate, if desired, and satisfactory oper 
ation may be obtained although it does not operate as 
e?iciently when used as a loud-speaker. In a typical 
construction of the device shown in Fig. l, electrode 10 
may have a diameter of 0.037 inch at the root and may 
be spaced 0.375 inch from electrode 15. The thickness 
of electrode 15 may be 0.125 inch and the diameter of 
opening 17 may be 0.375 inch. These dimensions are 
provided only for the purpose of illustration and should 
not be construed as critical or restrictive. 

In addition to the ?rst and second electrodes 10 and 15, 
a third electrode fl‘) formed of a suitable electrically con~ 
ductive substance such as steel is provided, and in this 
case comprises a thin wire of approximately 0.0625 inch 
diameter extending substantially normal to the plane of 
the drawing, spaced from but positioned closely adjacent: 
to the emitting area of electrode it’). The emitting area 
of elongated electrode 7.0 is concentrated substantially at 
the outer tip thereof but extends slightly back along the 
tapered surface of the outer end of the electrode. in 
order to accomplish the purposes of the invention and 
to properly control the ion ?ow between the first and 
second electrodes it} and 15, it is essential that the con 
trol electrode 19 be positioned outside of the area of 
intense ion ?ow. Since the area of intense ion ilow, as 
indicated by dotted lines it}, extends from the outer tip 
of electrode 10 to electrode 15 it is evident that control 
electrode 1% should be positioned rearwardly of the outer 
tip of electrode 10 to obtain satisfactory results; and 



2,793,324’ 

for example, the distance parallel to axis X—X between 
the outer tip of electrode 10 and the center of control 
electrode 19 may be 0.042 inch. 

Fig. 2 illustrates an electrical circuit wherein the de 
vice as shown in Fig. 1, which is illustrated schematically 
at 20, is employed as a loud-speaker. The ?rst electrode 
10 of the triode device is connected by lead 21 through 
bias resistor 33 to the cathode 22 of conventional triode 
23 and is also connected to input terminal 24. The oppo 
site input terminal 25 is connected through capacitor 34 
to the grid 26 of tube 23, and resistor 27 provides the 
grid return in a conventional manner. The plate 28 
of triode 23 is connected tofa low voltage B+ source 
32 through resistor 29. Plate 28 is also connected by 
means of lead 30 to the control electrode 19 of the ionic 
triode device. The second electrode '15 of the ionic 
triode device is connected to the positive terminal of a 
suitable source of D. C. potential such as a battery 31, 
and electrode 10 is connected to the negative terminal 
of source 31. Battery 31 provides a D. C. potential on 
the order of 10,000 volts which is su?icient to produce 
a corona and ion ?ow between the ?rst and second elec 
trodes 10 and 15. It is apparent that, depending upon 
the dimensions and con?guration of the ?rst and second 
electrodes, characteristics of the ionic triode device will 
vary, and accordingly the D. C. bias must be chosen for 
the particular con?guration and dimensions employed in 
any given application. The D. C. potential applied to 
control electrode 19 through resistor 29 is selected such 
that electrode 19 is biased to the midpoint of the linear 
static curve wherein the control electrode voltage is 
plotted versus the second electrode current. 
An A. C. control signal is impressed across input ter 

minals 24 and 25 of the circuit shown in Fig. 2 during 
operation. Current flow through tube 23 is accordingly 
varied such that the potential upon control electrode 19 
is varied. Upon a change in the potential upon electrode 
19, the ionic flow between electrodes 10 and 15 is corre 
spondingly altered, thereby producing sound such that 
triode device 20 serves as a loud-speaker which faithfully 
reproduces the signal impressed upon input terminals 
24 and 25. 

In each of the modi?cations disclosed hereinafter, the 
?rst electrode corresponds to electrode 10 of the device 
shown in Fig. 1, the second electrode corresponds to 
electrode 15 of the device shown in Fig. 1, and the third 
or control electrode corresponds to electrode 19 of the 
device shown in Fig. 1. It is evident that the ?rst, second 
and third electrodes of each modi?cation may be con 
nected in a suitable electrical circuit such as shown in 
Fig. 2 in the same manner that electrodes 10, 15, and 19 
are connected, with corresponding results. 

Fig. 3 illustrates a modi?cation wherein a ?rst elec 
trode 40 thereof is identical with electrode 10 of Fig. 1 
and the second electrode 41 is identical with electrode 15 
of Fig. l. The control electrode 42 is hollow and has 
a substantially conical con?guration, electrode 42 sur 
rounding clectrode 40 and being disposed symmetrically 
about the axis X—X of the elongated electrode. The 
inner diameter of the opening formed at the smaller 
opening formed at the right hand end of control electrode 
42 may be 0.040 inch and the outer end 43 of control 
electrode 42 is spaced 0.003 inch longitudinally behind 
the outer tip of elongated electrode 40. The corona area 
generated between electrodes 40 and 41 is generally coni 
cal in con?guration and is indicated by dotted lines 44 
in Fig. 3. It should be noted that control electrode 42 
is disposed outside the area of intense ion flow. 

Fig. 4 illustrates a modi?cation wherein a ?rst elec 
trode 50 is identical with electrode 10 of the device shown 
in Fig. l and is disposed normal to the plane of the 
drawing with the outer tip of the elongated electrode 
being disposed in the plane of the drawing. A second 
electrode 51 has a substantially annular con?guration 
and lies in a plane parallel to the longitudinal axis of 
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electrode 50, ‘the outer tip of electrode 50 being disposed 
in a plane passing diametrically through annular elec 
trode 51. A control electrode 52 is disposed in parallel 
relationship to electrode 51. on the opposite side of the 
elongated electrode 50. The corona area between elon 
gated electrode 50 and the second electrode 51 is gem 
erally conical in con?guration as indicated by dotted lines 
53 in Fig. 4 and it is evident that control electrode 52 
is ‘disposed outside of the area of intense ion flow. Elec— 
trodes 51 and 52 may be identical in construction and 
the cross-sectional diameter of the bodies of each of an 
nular electrodes 51 and 52 may be 0.187 inch and the 
diameter of theinner hollow portion of electrodes 51 
and 52 may be 0.782 inch. 

Fig; 5 illustrates a modi?cation wherein a ?rst electrode 
60 is identical with electrode 40 of the device shown in 
Fig. 3 and is surroundedaby a control electrode 61 iden 
tical with control electrode 42 of the device shown in 
Fig. 3. A second electrode 62 is identical with electrode 
51 of the device shown in Fig. 4 and is disposed radially 
outward of the outer tip 63 of elongated electrode 60. 
Another control electrode 64, having an elongated con 
?guration, is substantially aligned with the longitudinal 
axis X—X of elongated electrode 60 and may be spaced 
0.0625 inch from the outer right hand end of electrode 
61 when dimensions such as disclosed in Fig. 3 are utilized 
for electrodes 60 andg61. Control electrodes 61 and 64 
are’ electrically connected to one another by lead 65. 
The corona area extends substantially radially outward 
from tip 63 of electrode 60 as indicated by dotted lines 
66 and it is evident that each of control electrodes 61 
and 64 are disposed outside the area of intense ion ?ow. 
The operating characteristics of the triode device shown 

in Fig. 5 areillustrated inFig. 6 wherein the control 
electrode voltage is plotted versus the second electrode 
current. It can be seen that with a change of approxi 
mately 700 volts in the control electrode voltage between 
the values of 300 and 1,000 volts, the second electrode 
current varies approximately 65 micro-amperes between 
the values of 30 and 95 micro-amperes. It is also ap 
parent that the variation in the second electrode current 
in accordance with changes in control electrode voltage 
is substantially linear over a large portion of curve 70. 
Each of the modi?cations ‘has been disclosed as adapted 

for operation in atmosphere but each may also be satis 
factorily operated in various gaseous media or in a par 
tially evacuated envelope if desired. Only a few of the 
many possible con?gurations of the ?rst, second and con 
trol electrodes have been disclosed, but in general it is 
preferred to have a ?rst electrode which is either of 
extremely small diameter or which has a tapered emit 
ting portion. The second electrode may be provided with 
a central portion formed of a suitable dielectric substance 
which is substantially aligned with the longitudinal axis 
of the ?rst electrode, and as disclosed this may be accom 
plished by providing an opening through the second 
electrode. The second electrode should have a collect 
ing area which is substantially greater than the emitting 
area of the ?rst electrode such that a suitable corona is 
produced. The control electrode must be spaced from 
the ?rst'electrode in each case. positioned adjacent to 
the emitting portion of the ?rst electrode and disposed 
outside of the area of intense ion ?ow between the ?rst 
and second electrodes. 
The dimensions of each of the electrodes as disclosed 

indicate the relative size of the electrodes but it should 
be emphasized that they may be made considerably larger 
or smaller if desired. Furthermore, the spacing and di 
mensions of the electrodes may be selected within wide 
limits in accordance with well-known design considera 
tions. lncach particular con?guration of the ?rst and 

' second elements the D. C. voltage required to produce ion 

75 

?ow Will vary, and accordingly the D. C. operating po 
tentials in each case must be chosen such that the op 
erating potentials do not exceed the arcing potential for 
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any particular con?guration. It is also pointed out that 
if desired a plurality of units such as disclosed in the var 
ious modi?cations of the instant disclosure may be em 
ployed in parallel with one another, thereby increasing 
the volume output of the device. 

it is evident from the foregoing that there is provided 
a new and novel ionic triode device especially adapted 
for use as a loud-speaker. The device is adapted to oper 
ate in atmosphere and has no moving parts. When op 
erating as a loud-speaker it has no resonant frequencies 
and has a ?at response within the audio range. The de 
vice is simple and inexpensive in construction, yet sensi 
tive and reliable in operation. 

Obviously many modi?cations and variations of the 
present invention are possible in the light of the above 
teachings. it is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as speci?cally described. 
We claim: 
1. An ionic triode device which comprises a ?rst elec 

trode composed of an electrically conductive substance 
and including an emitting portion, a second electrode 
spaced from said ?rst electrode and being composed of an 
electrically conductive substance, means for impressing a 
D. C. potential across said ?rst and second electrodes, 
said potential being lower than arcing potential and being 
of such polarity that said ?rst electrode is negative with 
respect to said second electrode, thereby to create a re 
gion or“. intense ion flow between said ?rst and second 
electrodes, a third electrode spaced from said ?rst and 
second electrodes and being disposed outside of said region 
of ion ?ow, and means for impressing a control signal 
across said ?rst and third electrodes. 

2. An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
and including an elongated emitting portion having an 
emitting area and a longitudinal axis, a second electrode 
spaced from said ?rst electrode and being composed of an 
electrically conductive substance, said second electrode 
having a collecting area substantially larger than said 
emitting area, said second electrode having an opening 
formed therein, said opening being substantially aligned 
with said longitudinal axis, means for impressing a D. C. 
potential across said ?rst and second electrodes, said 
potential being lower than arcing potential and being of 
such polarity that said ?rst electrode is negative with re 
spect to said second electrode, thereby to create a region 
of intense ion ?ow between said ?rst and second elec 
trodes, a third electrode spaced from said ?rst and second 
electrodes and being disposed outside of said region of 
ion llow, and means for impressing a control signal across 
said ?rst and third electrodes. 

3. A device as de?ned in claim 2 wherein said elongated 
emitting portion of said ?rst electrode has a tapered outer 
con?guration. 

An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
and including an elongated emitting portion having a 
longitudinal axis, a second electrode spaced from said 
?rst electrode and being composed of an electrically con 
ductive substance, means for impressing a D. C. poten 
tial across said ?rst and second electrodes, said potential 
being lower than arcing potential and being or" such polar 
ity that said ?rst electrode is negative with respect to said 
second electrode, thereby to establish a region of in 
tense ion ?ow between said ?rst and second electrodes, 
at third electrodevcomprising a wire spaced from and 
closely adjacent to ‘said emitting portion, said third elec~ 
trode being disposed outside of said region of ion flow, 
and means for impressing a control signal across said ?rst 
and third electrodes. 

5. A device as de?ned in claim 4 wherein said second 
electrode has an opening formed therein, said opening 
being substantially aligned with said longitudinal axis. 

6. An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
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and including an elongated emitting portion having an 
emitting area and a longitudinal axis, a second electrode 
spaced from said ?rst electrode and being composed of 
an electrically conductive substance, said second electrode 
having a collecting area substantially larger than said emit~ 
ting area, a dielectric substance substantially aligned with 
said longitudinal axis, said second electrode being dis 
posed about said dielectric substance, means for impress 
ing a D. C. potential across said ?rst and second electrodes, 
said potential being lower than arcing potential and be 

of sum polarity that said ?rst electrode is negative 
with respect to said second electrode, thereby to estab 
lish a region of intense ion flow between said ?rst and 
second electrodes, a third electrode comprising a wire 
spaced from and closely adjacent to said emitting por 
tion, said third electrode being disposed outside of said 
region of ion ?ow, and means for impressing a control 
signal across said ?rst and third electrodes. 

7. An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
and including an elongated emitting portion having a 10n 
gitudinal axis, a second electrode spaced from said ?rst 
electrode and being composed of an electrically conduc 
tive substance, means for impressing a D. C. potential 
across said ?rst and second electrodes, said potential being 
lower than arcing potential and being of such polarity 
that said ?rst electrode is negative with respect to said 
second electrode, thereby to create a region of intense 
ion ?ow between said ?rst and second electrodes, a 
third hollow electrode having a substantially conical 
con?guration spaced from and surrounding said ?rst elec 
trode adjacent the emitting portion thereof, said third 
electrode being disposed substantially symmetrically about 
said longitudinal axis and being outside of said region 
of ion flow, and means for impressing a control signal 
across ?rst and third electrodes. 

8. A device as de?ned in claim 7 wherein said second 
electrode has an opening formed therein, said opening 
being substantially aligned with said longitudinal axis. 

9. An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
and including an elongated emitting portion having an 
emitting area and a longitudinal axis, a second electrode 
spaced from said ?rst electrode and being composed of 
an electrically conductive substance, said second electrode 
having a collecting area substantially larger than said 
emitting area, a dielectric substance substantially aligned 
with said longitudinal axis, said second electrode being 
disposed about said dielectric substance, means for im 
pressing a D. C. potential across said ?rst and second 
electrodes, said potential being lower than arcing poten 
tial and being of such polarity that said ?rst electrode 
is negative with respect to said second electrode, thereby 
to create a region of intense ion flow between said ?rst 
and second electrodes, a third hollow electrode having 
a substantially conical con?guration spaced from and 
surrounding said ?rst electrode adjacent the emitting 
portion thereof, said third electrode being disposed sub 
stantially symmetrically about said longitudinal axis and 
being outside of said region of ion ?ow, and means for 
impressing a control signal across ?rst and third electrodes. 

10. An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
and including an emitting portion, a second electrode 
spaced from said ?rst electrode and being composed of 
an electrically conductive substance, said second elec 
trode having a substantially annular con?guration, means 
for impressing a D. C. potential across said ?rst and 
second electrodes, said potential being lower than arcing 
potential and being of such polarity that said ?rst elec 
trode is negative with respect to said second electrode, 
thereby to establish a region of intense ion ?ow between 
said ?rst andsecond electrodes, a third electrode spaced 
from the ?rst electrode and having a substantially annular 
‘con?guration, said third electrode being disposed outside ' 
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of said region of ion flow, and means for impressing a 
control signal across said ?rst and third electrodes. 

11. An ionic triode device which comprises a ?rst elec 
trode composed of an electrically conductive substance 
and including an elongated emitting portion having a 
longitudinal axis, a second electrode spaced from the ?rst 
electrode and having a substantially annular con?guration, 
said second electrode being composed of an electrically 
conductive substance, means for impressing a D. C. po 
tential across said ?rst and second electrodes, said po 
tential being lower than arcing potential and being of 
such polarity that ?rst electrode is negative with respect 
to said second electrode, thereby to establish a region 
of intense ion ?ow between said ?rst and second elec 
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10 
trodes, a third hollow electrode having a substantially 
conical con?guration spaced from and surrounding said 
?rst electrode adjacent said emitting portion, said third 
electrode being disposed substantially symmetrically about 
said longitudinal axis, a fourth elongated electrode 
having a longitudinal axis which is substantially aligned 
with the longitudinal axis of said ?rst electrode, each 
of said third and fourth electrodes being disposed out 
side of said region of ion ?ow, said third and fourth 
electrodes being electrically connected to one another, 
and means for impressing a control signal across said ?rst 
electrode and said third and fourth electrodes. 
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