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Lee de Forest, Los Angeles, Calif. 

Application January 25, 1945, Serial No. 574,516 
(Cl. 315-58) Claims. 

My invention relates to a method of and ap 
paratus for modulating electric currents, par 
ticularly high frequency currents, such as those 
employed in radio communication equipment Or 
other electrical transmission circuits, for the 
purpose of imparting to such currents various 
signal characteristics or voice modulations pre 
paratory to the transmission of such informa 
tion. 
The invention specifically includes a type of 

electrically variable capacitor whose utility is not 
necessarily limited to the aforesaid arts. For 
the purpose of this disclosure I elect to describe 
a method of frequency modulation but those 
skilled in the art will readily recognize that the 
novel principles embodied in my invention may 
be usefully employed for effecting various kinds 
of modulation of electric currents and for per 
forming various other functions. 
The general object of my invention is to pro 

vide an electrically variable capacitor, whose 
capacitance may be modulated by voltages or 
currents, particularly those of audio frequency. 
Another object is to provide a method of, and 

means for, producing broad band frequency mod 
lation without employing complicated conven 
tional circuits. 
An important object of my invention is to pro 

vide an electronic capacitor whose variable ca 
pacitance is modulated by alterations in the 
nature of the medium disposed between the 
spaced condenser plates. 
A further object is to provide an electronic 

capacitor whose variable capacitance is modul 
lated by the degree of ionization of a gas dis 
posed between the spaced condenser plates. 
An important feature of my modulating System 

is a cathode beam which modulates the capaci 
tance of my capacitor. This allows a very great 
simplification in frequency modulation trans 
mitter circuits by eliminating the necessity for 
the various multiplier stages required in COin 
ventional modulation equipment. 
Another feature of my modulating System is 

the modulation of the instantaneous capacitance 
of a condenser whose internal insulation engages 
an ionized gas. 
Other objects and advantages of my inven 

tion, as well as a clear understanding of the 
principles involved therein and practical methods 
of applying them, will be suggested by the de 
tailed description and claims to follow, taken 
with the accompanying drawings, in which: 

Fig. 1 is a diagrammatical representation of 
one embodiment of my modulation system as 
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applied to an electrical circuit for the genera 
tion of high frequency currents. 

Fig. 2 is a transverse sectional view of a tubular 
electrode, hereinafter referred to as an electron 
E. employed for the purposes of the inven 
lOn. 

Fig. 3 is a side elevational view as partially 
Sectioned of the structure shown in plan on the 
right side of Fig. 1 exemplifying an embodi 
ment employing some of the elements of a cath 
Ode-l'ay tube for the purposes of the invention. 

Fig. 4 is a sectional view of the protected 
condenser plates employed in my electrically 
Variable capacitor. 

FigS. 5 and 6 illustrate diagrammatically the 
elements involved as parameters in an analytical 
determination of the electrical characteristics of 
my electrically variable capacitor: Fig. 5 shows a 
region between Spaced layers of dielectric which 
enclose condenser plates and Fig. 6 indicates 
Symbolically the variable conductance of such 
a region. 

Fig. 7 represents a detailed side view of one 
form of my electrically variable capacitor and 
illustrates one of the operating principles in 
Wolved therein. 

Fig. 8 is a diagrammatic view of another em 
bodiment of my modulation system including an 
electrically variable capacitor which is not con 
fined Within a cathode-ray tube. 
The Schematic arrangement shown in Figure 

1 illustrates a modulation system, as one em 
bodiment of the invention, whose principal com 
ponents include a radiating circuit 0 for emit 
ting electromagnetic Waves produced by an un 
dulatory electrical current whose intensity is 
increased by a power amplifier tube 20. These 
electrical undulations are generated in an oscil 
latory circuit 30 whose resonant frequency is 
modulated by a capacitor 40 Whose capacitance 
is modulated by a cathode-ray whose deflection 
is modulated by a control circuit 50. 
The radiating circuit 0, which includes an 

antenna, or radiating dipole 2-3 in series with 
the primary 4 of a radio frequency transformer 
5, is inductively coupled by means of the sec 

condary 6 to the output circuit of the power 
amplifier vacuum tube 20. This output tube 
has an anode 7 Whose electric potential may 
be supplied by the positive terminal of a battery 
8, or other suitable means, whose negative ter 
minal is grounded to the cathode 9. These 
terminals of the Source of direct current and 
Voltage are shunted by a “by pass' condenser 
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2 which provides a low impedance path for 
radio frequency currents. 
The direct current and voltage supplied by 

the battery 8 is conducted through the Sec 
ondary 6 of the radio frequency transformer 5 
and delivered to the anode ii of the power ann 
plifier tube 20, as well as any additional ampli 
fier tubes, since it will be understood that addi 
tional amplification may frequently be desirable. 
Such supplementary amplifying tubes Would 

be interposed, of course, between the grid 22 of 
the power amplifier tube 26 and the output of 
the master oscillator tube 23, whose ancde 24 may 
also receive electric potential from the anode 7 
through an intervening voltage-dropping resistor 
25 and a high frequency choke-coil 26. 
The grid 22 of the power amplifier tube 20 is 

energized by the anode 24, unless intermediate 
stages of amplification are introduced. The bias 
ing potential of the grid 22 is controlled by the 
voltage across a grid-leak resistor 27, which is 
grounded by connection with the cathode 9. 
This grid bias is also protected against the di 
rect voltage of the anode 24 by means of a grid 
condenser 28. 
The modulated carrier Wave, whose amplifica 

tion has been described above, is generated by the 
master Oscillator tube 23 and the associated reso 
nant circuit 30 whose high frequency oscillations 
are modulated by my electrically variable capaci 
to 4. 

This resonant circuit 3 includes a variable 
capacitance 3 connected in parallel. With an in 
ductance 32 which in this instance is illustrated 
in the form of an arrangement known as a "but 
terfly' circuit, which is characterized by a very 
high circuit Q and by the particular combination 
of the inductance loop 32 and a subtended stator 
33, which encompass a rotor 34. The resonant 
frequency of this oscillatory circuit is dependent, 
also, upon the adjustment of the capacitance 3 
and upon the electrically variable magnitude of 
the capacitance of the modulating capacitor 4), 
Which is connected in parallel with the capaci 
tance 3. 
This resonant circuit 33 energizes a grid 35 

of the oscillator tube 23, whose cathode 36 is 
grounded to the negative terminal of the bat 
tery 8. The biasing potential of the grid 35 is 
provided by the Voltage across a grid-leak re 
sistor 3, which is grounded by connection with 
the cathode 36. The variations of potential on 
the grid 35-are amplified, of course, by the tube 
23, which delivers a modulated voltage signal at 
the anode 24 to the grid condenser 28 of the am 
plifier tube 20. This modulated signal voltage is 
also applied to the resonant circuit 30, since os 
cillations are thus sustained. Accordingly, the 
anode 24 is connected to the stator 33, to the in 
ductance loop 32 and, by means of a sliding con 
tact 38, to the rotor 34. A grid condenser 39 
protects the grid 35 from the direct potential of 
the anode 24. This potential is thus applied to 
both of the condenser plates, or electrodes, 4 and 
42 of the modulating capacitor 40. 

It is noteworthy that the electrical circuit so 
far described in detail is electrically complete and 
Self-sufficient for generating and radiating elec 
tromagnetic waves whose modulations are pro 
vided by the variations of the resonant frequency 
of the oscillatory circuit 3). The instantaneous 
value of this resonant frequency is automatically 
controlled by the instantaneous values of the 
Conductance and capacitance of the capacitor 40, 
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4. 
parameters which are varied by the control cir 
cuit 5). 
The modulating capacitor 40 may be designed 

and employed in a variety of Ways within the 
Scope of my invention, 
A cathode ray is directed between or below the 

electrodes 4 and 42 which form the condenser 
plates of my electrically variable capacitor 40, 
as illustrated in the plan view at the right in Fig. 
1 or by the longitudinal side view in Fig. 3. This 
cathode ray is emitted by an electron gun having 
a cathode 43, a tubular grid structure 44, a pri 
mary-anode or -electron lens 45 and a secondary 
anode or collector plate 46 which serves as a 
target for the cathode-ray, The direct current 
potential required by the anodes 45 and 46 may 
be supplied by conventional means, such as a 
battery 47, whose negative terminal is connected 
to the cathode 43. Such potentials may be ad 
justed by appropriate series resistance, as indi 
cated by the numeral 48 interposed between the 
anode 46 and the positive terminal of the bat 
tery 47. 
The modulation of the capacitance and con 

ductance of my electronic capacitor is accom 
plished by modulating the cathode ray. For this 
purpose I prefer to employ a magnetic field, di 
rected approximately perpendicular to both the 
Cathode ray and the -condenser plates 4 and 42, 
Such as that produced by electromagnets 5 and 
52 connected in series “aiding' relationship and 
energized by an electrical current in the control 
circuit 50. The terminals of the directly coupled 
Windings of the electromagnets 5 and 52 may be 

5 connected into any control, circuit - which pro 
vides an undulatory or variable electromotive 
force, Such as the audio frequency output volt 
age of a microphonic circuit or of an amplifier 
Connected to a microphonic circuit. Other sources 
of modulating electromotive force, which maybe 
measured, studied, analyzed or utilized by means 
of my cathode-ray capacitor, include photo-elec 
tric cells, X-rays, radio tubes and television. Such 
modulating electromotive forces may also be em 
ployed by substituting an electrostatic field for 
the electromagnetic field described above, pro 
vided that the electrostatic field is directed ap 
proximately perpendicular to the cathode ray and 
parallel to the condenser plates 4 and 42, as by 
means of parallel plates whose potential differ 
ence is Supplied by the control circuit-50. 
The performance of my cathode-ray capacitor 

Will be described and analyzed with the aid of 
Figs. 2, 3, 4, 5, 6, and 7. 

Fig. 2 illustrates a desirable form for the cross 
Section of tubular electron lens, or primary anode 
45. This oval transverse section has a longitu 
dinal axis A-A which is oriented substantially 
parallel to the condenser plates 4 and 42 and 
approximately perpendicular to the direction of 
the cathode ray. The potential of this primary 
anode 45 produces an electrostatic field which 
tends to concentrate the cathode ray into a sword 
shaped beam whose larger transverse dimension 
is parallel to the axis A-A. 
As illustrated in Figs. 3 and 7 the direction O-B 

of this Sword-shaped beam may be modulated by 
the aforesaid deflecting forces, such as those sup 
plied by the magnetic field produced by the elec 
tromagnets 5 and 52 whose axial poles are indi 
cated by the reference numeral 53. This modu 
lation of the direction of the cathode ray may be 
Visualized as a variation in the vertical deflection 
of the Sword-shaped beam, as indicated by the 
deflection from the position O-B to the position 
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O-C in Fig. 7. The beam is thus caused to Swing 
upwardly, to a greater or lesser degree, into the 
region between the condenser plates 4 and 42. 
This deflection is linearly proportional to the 
intensity of the control current in the electro 
magnets 5 and 52. In the absence of such modu 
lation, the upper edge of the undeflected cathode 
beam is directed between or below the lower ex 
tremities 54 of the electrodes 4f and 42, approxi 
mately along the longitudinal axis of the modified 
cathode-ray tube. As illustrated in Figs. 3 and 4, 
the condenser plates 4 and 42 of my cathode-ray 
capacitor 40 are preferably enclosed in glass or 
other suitable insulating material 55 in Order to 
shield them from approaching ions or electrons. 
The electrical conductors which travel from these 
plates through the tubular glass shell, as at 56 
and 57, in order to provide terminals for electrical 
connection with an external circuit, also should 
be encased in suitable insulating material, such 
as glass or an appropriate thermoplastic Sub 
stance. These insulated electrical connectors may 
serve, of course, as supports for the insulated 
plates 4 and 42, either as illustrated in Fig. 3 or 
by extending the arms 58 and 59 to engage the 
opposite sides of the tubular vessel 60. 

. My cathode-ray capacitor should be incorpo 
rated in a tubular vessel 60 which has been highly 
exhausted of air but may preferably contain a 
small amount of one of the noble gases, Such as 
neon or argon. This rarefied gas will be ionized 
by the impact of collision between the electron 
beam and the gas molecules. The resulting posi 
tive ions are too heavy to be deflected very far 
by the electrostatic or magnetic fields. Conse 
quently, many of these positive ions receive mo 
mentum from electron bombardment by the cath 
ode ray which directs them toward the collector 
plate 46. The remainder of these heavy positive 
ions drift toward the negative cathode. In the 
absence of modulation, therefore, an equilibrium 
distribution of positive ions exists throughout the 
tubular vessel 60; and the region D-E between 
the condenser plates 4 and 42 is occupied by a 
relatively few ions, which are drifting away from 
the high direct current potential of these plates 
toward the negative cathode. Such absence of 
ions in the region D-E indicates the existence 
of a dielectric of rarefied gas whose dielectric con 
stant partially determines the variable capaci 
tance of the capacitor 40. 
The magnitude of this variable capacitance is 

also dependent upon the presence of a distribu 
tion of electrons on the outer surface of the insul 
lation 55. These electron layers 6 and 62 are 
supported by the electrostatic force of attraction 
toward the charged condenser plates 4 and 42. 
Accordingly, my cathode-ray capacitor provides 
three subordinate condensers C1, C and C2, elec 
trically co-acting in series relationship, respec 
tively comprised of the following pairs of con 
ductive elements: 4-6, 61-62 and 62-42, 
where the elements 6 and 62 each represent the 
conductive layer of ions-electrons residing upon 
the outer surface of the insulation 55, as indicated 
in Figs. 4 and 5. 
The capacitance of the pair of conductive ele 

ments 4-6 or 62-42 is approximately repre 
sented by the conventional formula 

where Drepresents the distance between two par 
allel conducting planes whose area is A separated 
by electrical insulation whose dielectric constant 
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glass, as in condenser C1 or C2, and approximately 
unity for the un-ionized gas dielectric in con 
denser C. The distance D is relatively smaller 
for C1 and C2, perhaps ss inch, for example, as 
compared with % to 4 inch between the elements 
6 and 62. Hence the ratio C1/C or C3/C is of 
the Order of 100, since either of the plates 4 or 
42 is shielded on each side by a layer of ions 
electrons, thus doubling the effective area. 
The total capacitance of the series combina 

tion of condensers C1, C and C2 is approximately 
represented by 

CC 
(2) *2C-C, 
Since Cl=C2 if the thickness of the insulation 
55 is uniform, if the condenser plates 41 and 42 
have the same area, etc., as illustrated in Figs. 
4 and 5. 
The foregoing description of the state of equi 

librium existing in the unmodulated cathode-ray 
capacitor may be extended by considering the 
leakage conductance through the condenser C, as 
provided by the transverse conductance of the 
Cathode ray whenever it is deflected from the 
normal position O-B to O-C, as indicated in 
Fig. 7, or from F toward D, as identified in Fig. 4. 
This leakage conductance 

-l 

is associated with the indicated variable resist 
ance R. identified in Fig. 6 by the numeral S5. 
The elements of the cathode-ray capacitor, 

represented schematically in Fig. 6, now include 
the series arrangement of condensers C1, C and 
C2 and the resistance R, connected in parallel 
With the capacitance C. The impedance of this 
Series-parallel arrangement will be radically 
altered whenever the sword-shaped cathode 
beam is deflected or modulated. For example, if 
the beam is deflected upwards, the region DE 
Will become highly conductive as a result of the 
positive ions produced by the bombardment of 
gaS molecules by the deflected beam. Alterna 
tively, if the beam is deflected downwardly, the 
region IDE Will become electrically non-conductive 
as the positive ions are repelled from this region 
i; the potential of the condenser plates 4 and 
The cathode-ray capacitor will provide more 

effective modulation if the capacitance C1 is de 
signed relatively larger than the capacitance C, 
e. g., the insulation 55 should have a minimum 
thickness, etc. 
The effectiveness of the cathode-ray capacitor 

for modulation purposes may be approximately 
evaluated. For example, suppose that C1 has a 
value of 99 micro microfarads and C has a value 
of One micro microfarad; then the total imped 
ance of the cathode-ray capacitor will be de 
Creased one hundred fold whenever the cathode 
ray is deflected into the region DE between the 
condenser plates 4 and 42. 
Another concept may be introduced by con 

sidering the cathode-ray capacitor as represent 
ing a simple condenser shunted by a resistance R. 
The impedance of this combination may be 
Written 

C 

=l -- E - 
R-jXT (1--R2u2C) 

Where C3 is the capacitance of the condenser 
plates 4 and 42, encased in insulation, such as 

(3) 2. 

is K. This constant is of the order of 7 to 9 for 75 glass, and R is inversely proportioned to the area 
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di. Of the layer of partially ionized gas lying bew 
tWeen the condenser plates 4 and 2. 

Equation 3 may be approximately expressed in 
the form 

Zi-C, -- a,b 
Where b is the conductance per unit of ionized 
area, di, depending on the nature of the gas, the 
degree of its ionization and the inverse thickness 
of the layer of partially ionized gas between the 
condenser plates and 42. The angular veloc 
ity u=2af if f symbolizes the frequency of the 
OSciliatory current. With a given voltage and 
cathode temperature, the tubular vessel 6) Will 
contain a gas Whose degree of ionization is con 
stant. 
The ionized area di is a variable determined by 

the defiection of the ionizing cathode bean. The 
ionized area ai is therefore proportional to the 
intensity of the current in the control circuit 50, 
if the electromagnets 5 and 52 are employed, or, 
alternatively, proportional to the aidio frequency 
potential difference impressed on the deflecting 
plates of the tube by the control circuit 33 if an 
electrostatic field is employed instead of a mag 
netic field for deflecting the cathode beam. The 
total impedance of the .cathode ray capacitor is 
therefore inversely proportional to the intensity 
of the current in the control circuit or inversely 
proportional to the potential difference impressed 
on the defecting plates by the control circuit. 
An approximately linear relationship exists, 
therefore, between the modulating force and the 
resulting modulation. 

... Alternatively, if the cross section of the cathode 
bean normally fills the inter-electrode region. 
DEF, this cross section may be modulated by the 
control circuit 5 in order to modulate the ionized 
area di. Warious means of reducing this CrOSS 
section may be employed. For example, the po 
tential of the primary anode 45 or the control 
grid £4 may be nodulated by the control circuit 
59. in this case the total impedance of the 
cathode-ray capacitor is increased, rather than 
decreased, in proportion to the applied voltage. 
Another alternative embodiment of my cath 

ode-ray capacitor is illustrated in Fig. 8, which 
shows a tubular vessel 23 containing a rarefied 
gas and having a constriction which may be flat- 5, 
tened, if desired, and partially surrounded by 
two external condenser plates and 2 for the 
purpose of modulating the Current in a trans 
mission, circuit O such as that indicated sche 
matically by the block diagram. 
The cathode beam, which modulates the ca 

pacitance of this cathode-ray capacitor, is gen 
erated by a cathode 3, represented by a coiled 
filament, and concentrated by a control electrode 
or grid is and directed through a constricted 
portion is of the tubular vessel 8 toward an 
anode or collector plate 6 whose potential is sup 
plied through a high frequency choke coil 7 and 
a series resistance control 78 by a suitable voltage 
supply such as the positive terminal of a battery 
3. 
The transmission circuit 09 is indicated in Fig. 

8 by a block diagram labeled Frequency modu 
lated (F. M.) oscillator f whose resonant fre 
quency is determined by the variable capacitance 
of Condenser plates and 2. This oscillator 
9 delivers a frequency modulated current to a 

radiating dipole 82-93, 
The capacitance of the cathode ray capacitor is 

modulated by the degree of ionization of the 
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8 
rarefied gas in the tubular vessel 70. This, de 
gree of ionization may be modulated in several 
ways; two methods will be described; the first 
method utilizes a grid control circuit 80, shown 
on the left side of Fig. 8; the second method 
utilizes a plate control circuit 90 shown on the 
lower right Side of Fig. 8. 
The grid control circuit is connected between 

the cathode 3 and the control grid 74. The 
audio frequency potential difference between the 
Cathode 73 and the grid 74 is provided by: an 
audio amplifier 8 whose input circuit includes 
a microphone 82. The direct current potential 
difference between the cathode 3 and the grid 
4 is provided by a battery 83 connected in par 

allel With a variable resistance 84. This poten 
tioneter arrangement provides a negative biasing 
potential to the grid 76, which is protected from 
the direct current potential of the output circuit 
of the amplifier 8 by interposing a grid con 
denser 85 in series with the grid 74. 

In the foregoing method, the degree of ioniza 
tion of the rarefied gas in the tubular vessel 70 
is modulated by the variable potential of the con 
trol grid 4. 
In the following alternative method, the poten 

tial of the plate 6 is employed for modulating 
the degree of ionization of the rarefied gas. This 
potential is controlled by a so-called Heising cir 
cuit 33, comprising an audio amplifier triode tube 
Sl, connected in parallel with the ionized gas tube 
is, and an audio amplifier 92 whose input circuit 
includes a microphone 93. The anode potential 
of the modulator tube 9 i may be supplied by the 
plate is. The cathode of the tube 9 is Con 
niected to the negative terminal of the battery 9, 

he modulation from the microphone 93 is 
annplified by the aimplifier 92 and delivered to 
the cathode and grid of the triode 9 whose anode 
Controls the audio frequency potential of the 
plate 6 of the ionization tube C. 

he capacitance of the Cathode-ray. Capacitor 
is thus modulated by the control circuit 90, which 
inodulates the degree of ionization of the rarefied 
gas in the ionization tube 70. 

Additional methods of controlling the ioniza 
tion of the gas and thus modulating the CapaCi 
tance of the cathode-ray capacitor are suggested 
by the foregoing principles and concepts. 

For example, I may employ a voice modulated 
coaxial magnetic field for directly controlling the 
space-charge density of the cathode beam. This 
ray be accomplished by positioning the longi 
tudinal axis of a solenoid Substantially coincident 
With the cathode ray and energizing the Solenoid 
with the voice modulated control current, in 
order to modulate the capacitance of the cathode 
i'ay capacitor. 
As a Second example, I may employ a magnetic 

field directed through the constricted portion 75 
of the ionization tube , i. e., directed perpen 
dicular to the cathode bean therein, and modul 
late the intensity of this transverse magnetic fied 
by means of an amplifier which receives voice 
modulations from a microphone and delivers, a 
modulated control current to the electromagnets 
which provide the aforesaid transverse magnetic 
field. The space charge density of the cathode 
beam would thus be modulated and the capaci 
tance of the cathode-ray capacitor correspond 
ingly modulated. 
By any of the various methods disclosed herein 

it will be seen that I am able to directly control 
the instantaneous frequency of a modulated car 
rier Wave and to effect broadband frequency 
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modulation without the interposition of compli 
cated circuits comprising several multiplier 
stages. 
Other adaptations of the invention may be em 

ployed for various purposes other than frequency 
modulation. Since the preferred form of my in 
vention, which is described herein in specific de 
tail for the purpose of disclosure and to illustrate 
the principles involved, will suggest to those 
skilled in the art Various changes, modifications 
and substitutions that do not depart from my 
underlying concepts, I reserve the right to all 
such changes, modifications and substitutions 
that properly come Within the scope of my in 
Vention. 

claim as iy invention: 
1. In a variable capacitor, the combination of: 

a pair of spaced electrodes; a dielectric material 
between said electrodes; an ionizable dielectric 
medium between said electrodes; means for di 
recting a stream of electrons through said ioniz 
able medium to effect ionization thereof; and 
means for deflecting said stream of electrons rel 
ative to said electrodes to Vary the extent to 
which it is interposed between said electrodes 
Whereby to vary the degree of ionization of the 
ionizable medium between said electrodes. 

2. In a variable capacitor, the combination of: 
a pair of spaced electrodes; means for directing 
an electron beam through the space between said 
electrodes; and means for deflecting said electron 
beam relative to said electrodes to vary the 
amount of the Space between Said electrodes 
Which is occupied thereby. 

3. In a variable capacitor, the combination of: 
a pair of spaced electrodes; an ionizable medium 
in the Space between said electrodes; means for 
directing an electron beam through the space be 
tween said electrodes to ionize said medium; and 
means for deflecting said electron beam relative 
to Said electrodes to Wary the amount of said 
ionizable medium between said electrodes which 
isionized thereby. 

4. In a variable capacitor, the combination of: 
a pair Of Spaced electrodes; means for generating 
a stream of electrons; means for directing said 
stream of electrons through the space between 
said electrodes in a fan-shaped beam lying sub 
Stantially in a plane intermediate said electrodes; 
and means for deflecting said electron beam in 
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said plain to vary the amount of the space be 
tween said electrodes which is occupied there 
by. 

5. In a variable capacitor, the combination of: 
a, pair of spaced, parallel electrodes; means for 
normally directing an electron beam parallel to 
said electrodes adjacent one edge thereof; and 
means for deflecting said electron beam into the 
space between said electrodes to vary the capaci 
tance of said capacitor. 

6. In a variable capacitor, the combination of: 
a pair of spaced electrodes; a dielectric material 
enclosing at least one of said electrodes; means 
for directing a stream of electrons through the 
Space between said electrodes; and means for 
deflecting said stream of electrons in a direction 
transverse to a reference line extending between 
said electrodes so as to vary the dielectric char 
acteristics of the space between said electrodes. 

7. In a variable capacitor, the combination of: 
a pair of Spaced electrodes; a dielectric material 
enclosing at least one of said electrodes; an ioniz 
able dielectric medium between said electrodes; 
means for directing a stream of electrons through 
said medium to effect, ionization thereof; and 
means for deflecting said stream of electrons in a 
direction transverse to a reference line extending 
between said electrodes So as to vary the degree 
of ionization of said ionizable medium in the 
space between said electrodes, whereby to vary 
the capacitance of Said capacitor. 
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