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VARABLE ELECTRONIC CAPACTANCE 
DEVICE 
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Argentina, and Marc Ziegler, Toronto, Ontario, 
Canada, assignors to Hartford National Bank 
and Trust Company, Hartford, Conn., as trustee 
Application August 11, 1944, Serial No. 549,080 

(C1, 315-58) 3 Claims. 

This invention relates to an electronic react 
ance device and more particularly to an electronic 
capacitance device designed to provide between a 
pair of utility terminals a pure capacitance vari 
able in accordance with an electrical control po 
tential. 

Electronic reactance is widely used in the radio 
art and a wide variety of circuits providing elec 
tronic reactance are already known. However, in 
most of the known circuits the electronic react 
ance is obtained by feeding back to the control 
electrode, in a definite phase relationship, part 
of the voltage present at the anode of a thermionic 
discharge tube. The main disadvantages of the 
known 'feedback' reactance circuits consist in 
that a heavy resistive load is present between the 
utility terminals of the circuit and that the cre 
ated electronic reactance is rather low. The uti 
lization of the known circuits of the above type is 
further limited by the danger of Oscillations oc 
curring in the circuit. In fact, the electronic re 
actance is generated at the output terminals of 
a rather complicated circuit providing a complete 
impedance instead of a pure reactance and in 
cluding a plurality of circuit elements all sus 
ceptible to variations and thus influencing the 
ultimate value and Stability of the electronic re 
actance obtained. 
In contradistinction to the known electronic 

reactance circuits, the variable electronic capa 
citance device, according to our invention, does 
not use any form of feedback and provides a per 
fectly pure reactance of a value which does not 
depend on circuit parameters but only on the cur 
rent density of the generated electron beam and 
the magnitude of the accelerating potential used, 
It is therefore one of the main objects of the 
present invention to provide an electronic 
device having a pair of utility terminals 
which, if connected to an external tension, rep 
resent for this tension a capacitance which can 
be easily controlled by varying the intensity of 
the electron beam. 
A further object of the present invention is to 

provide an electronic device having a pair of 
utility terminals between which a capacitance will 
be obtained whose value will be considerably 
larger than that due to the physical dimensions 
and distance between the electrodes to which 
these utility terminals are connected, and which 
also will be considerably larger than that obtain 
able with the known electronic reactance circuits 
or devices. 
These and other objects and advantages of the 

present invention will become apparent from the 
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2 
detailed description thereof taken in connection 
with the accompanying drawings forming part of 
the specification and wherein: 

Fig. 1 illustrates one preferred embodiment of 
the variable electronic capacitance device accord 
ing to the present invention utilizing a laminar 
electron beam. 

Fig. 2 is an explanatory diagram referring to 
the operation of the capacitance device accord 
ing to the present invention. 

Fig. 3 illustrates a modification differing from 
that of Fig. 1 in that a plurality of parallel lami 
nar electron beams are used to obtain a large 
capacitance in a reduced space. 

Fig. 4 exemplifies another embodiment of the 
electronic capacitance device according to the 
present invention. 

Fig. 5 is a croSS Section taken on the lines 5-5 
indicated in Fig. 4. 

Fig. 6 illustrates a further embodiment of the 
electronic capacitance device according to the 
present invention differing from those of the pre 
vious figures in that an electron beam of circular 
croSS Section is used, and 

Fig. 7 is a cross section taken on the lines 7-7 
indicated in Fig. 6. 
The same reference characters indicate like or 

corresponding parts or elements throughout the drawings. 
Referring now to Fig. 1 it can be seen that the 

the electronic capacitance device according to the 
present invention comprises a hermetically sealed 
and evacuated envelope fo including an eelctrode 
System for generating a laminar beam of elec 
trons f2, the main section of which must be con 
ceived in a plane perpendicular to the plane of 
the drawing. This electrode system is connected 
by means of terminals 3 and 4 to a supply source 
not shown in the drawings and is usually con 
Situated by a filament, a cathode and some 
times a Wehnelt electrode and is adapted to 
generate a laminar beam 2. A control grid 
f5 and an accelerating anode 6 provided with 
an elongated slot 6' are located in the path 
of electron beam 2 and constitute together with 
a Second anode 7 and a target or collector elec 
trode 8, an electron lens system designed to con 
Centrate and to direct the generated electron 
beam 2 toward an elongated slot T’ provided in 
the Second accelerating anode 7. Through slot 
7, electron beam 2 enters into a substantially 

rectangular chamber 9 formed of metal walls 
9 electrically connected to and supported by sec 
ond accelerating anode 7 and target electrode 8, 
So that the electron beam traverses said chamber 
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f 9 before impinging upon collector electrode 8. 
As can be seen in the drawing, the first accelerat 
ing anode 6 is connected to a point of inter 
mediate positive potential of a direct current Sup 
ply 20 the negative pole 2' of which is connected 
to terminal 3 of electrode system and to 
ground, while its positive pole 2'' is connected 
directly to second anode and collector is, SO 
that chamber 9 encloses a practically perfect 
equipotential space which cannot influence eithei 
the path or the focussing of the electron beam 2. 
on its passage from slot fl' to target 8. 

Control grid or electrode 5 is connected 
through a grid leak resistor 2 to the negative 
pole of a bias supply source 22, and to one ter 
minal 23 of a control circuit, the other terminal 
24 of which is connected to ground, so that the 
intensity of the generated electron beam 2 can 
be adjusted in accordance with the amplitude of 
a control potential E applied between control ter 
minal 23 and ground. 

Equipotential chamber 9 encloses a capacitor 
25 formed of electrodes 28 and 2 of any con 
venient shape but covering, in a direction per 
pendicular to the plane of the drawing, the entire 
width of the laminar electron beam 2. In Figs. 
1 and 2 electrodes 26 and 26’ have been Curved 
to avoid the absorption of electrons from the 
passing electron beam deviated from its Straight 
path due to the potential applied to these elec 
trodes. It will be understood however, that plane 
metal plates may be also used for the same pur 
pose, Electrodes 26 and 26' are connected to 
utility terminals 27 and 28, respectively, and are 
located equidistantly from the Straight path of 
electron beam f2. Utility terminals 27 and 28 
are those between which appears the desired elec 
tronic capacitance as will be explained herein 
after. They can be connected, for instance, to a, 
load impedance Z formed of a tuned circuit in 
cluding a coil 29 and tuning capacitor 3), so that 
the electronic capacitance forming part of a cir 
cuit and, as will be shown, depending upon the 
accelerating potential applied to target electrode 
8 and the current intensity of electron beam 2, 
Will allow of any convenient control of Said circuit 
by varying the control potential or by changing 
the accelerating potential applied to target elec 
trode 8. 

Fig. 2 is an enlarged and perspective view of 
a pair of electrodes 26' and 26' arranged sin 
ilarly as electrodes 26 and 26' but shown, for the 
sake of simplicity, as plane and rectangular plates 
located parallel to and equidistantly from the 
straight path of the electrons, indicated with 
the broken line 2', of a substantially laminar 
electron beam f2' carrying a current intensity 
of J amperes with the velocity of V m/s. Elec 
trodes 26' and 26' are each d. m. long and 
D. m. wide, and are separated from each other 
by S. m., each electrode being further connected 
to utility terminals 2' and 28, respectively. 
The width of electron beam 2'' is substantially 
equal to the width up of electrodes 26' and 26'. 

It will be understood that electrodes 26' and 
26' constitute a capacitor the “cold' capacitance 
of which, i. e. the capacitance in absence of elec 
tron beam 2', is defined by the formula, 

C-8,842 K. S pupil 

if the dimensions are in meters. Assuming now 
that utility terminals 2 and 28' are connected 
to a potential at(t), electron beam 2', in passing 
between these electrodes, will be deviated from 
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4. 
the Straight line 2 in accordance with the varia 
tions of the function u(t), as indicated Schenna 
tically by the sinusoidal line 3. Now, a SSunning 
that the passage time of the electrons is very 
Small against the period of variations of fuinction 
u(t), it can be shown that the displacement of 
electron beam 2'' will induce in electrodes 26'' 
and 26' ' ' a current i(t) which will be given by 
the formula. 

- d 
2, c M 2.3.g.t. 

Whelein 
d2 

S -S 

can be called “the geometric factor' of the 
capacitance 

J 
g = 1 

the “admittance' of the electron bean 2', U 
being the accelerating potential applied to second 
anode 7 and target electrode 8, and 

the time of passage of the electrons between 
electrodes 26' and 26'. 

It will be understood by those skilled in the 
art that the factor .6.g. t constitutes a... elec 
tronic capacitance Ce which is added to the “cold" 
capacitance Co, depending merely upon the physi 
cal dimensions of the capacitor formed of elec 
trodes 26' and 26', so that the ultimate utility 
capacitance present between terminals 2 and 
28', and hence between utility terminals 2 and 
23 of the electronic capacitance device according 
to Fig. 1, will correspond to the sum of the “cold' 
and the electronic capacitances Co and Ce. 
Theory ShoWS that as long as T is kept small With 
respect to period of u(i), no positive term will 
appear in the relation between i and u, so that 
in fact a perfectly pure reactance Will be obtained. 
As can be seen from the above formula defining 

the electronic capacitance present between elec 
trodes 26 and 26, its value is directly proportional 
to the current intensity J of the electron bean) 
passing between the electrodes, so that a poten 
tial E applied to control grid 5 will vary the value 
of the electronic capacitance appearing between 
utility terminals 27 and 28, and hence will also 
vary for instance the resonant frequency of the 
tuned circuit Z. 
The order of magnitude of the valriable utility 

capacitance obtained, can be easily appreciated 
by assuming that electrodes 26 and 26' of the 
electronic capacitance device ShoWn in Fig. 1 are 
2 cm, wide and 2 cm. long and that a separation 
of 0,5 cm. is used. Then, the cold capacitance 
Co present between utility terminals 2 and 28 
is approximately 0.7 upiF. Now, assuming an 
electron beam carrying a current of 5,4 mA and 
an accelerating potential of U=9 volt, the elec 
tronic capacitance present between utility 
terminals 27 and 28 will be approximately 8 
up, so that the ultimate utility capacitance Will 
be variable between 0,7 and 8,7 up. The value 
of 8 up.F and, still nore, the range between 0,7 
and 8,7, are quite considerable. Furthermore, 
Since the electronic capacitance device, accord 
ing to the present invention, represents a Sub 
stantially 'pure' capacitance Without any 'er 
sistance, it can be connected directly across any 
tuned circuit without changing the operating 
conditions thereof. 
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A limiting condition of the electronic capaci 

tance according to the present invention is that 
the time of passage of the electrons between 
electrodes 26 and 26' should be considerably 
Smaller than the period of the alternating tension 
generated or present across utility terminals 27 
and 28. 
Another limitation of the device, according to 

the present invention, consists in that the poten 
tial appearing acroSs utility terminals 27 and 
28 should be substantially Smaller than twice the 
accelerating potential U divided by the geometric 
factor 3, in order to avoid the striking of the 
electron beam against electrodes 26 and 26'. For 
the example given, this would mean that the 
tension at terminals 27 and 28 should not be 
higher than i volt. However, it should be borne 
in mind that a similar limitation exists for the 
known reactance tube circuits in which the 
potential which can be applied to the terminals 
between which the utility reactance is obtained, 
is also limited by the possibility of auto 
Oscillations. 

In the electronic capacitance device, accord 
ing to the present invention, the ultimate 
capacitance obtainable between utility terminals 
27 and 28 is limited by the current intensity of 
the electron beam and the physical dimensions 
of electrodes 26 and 26'. Hence, one means for 
obtaining a larger electronic capacitance con 
sists in utilizing an electron beam With higher 
current intensity as shown in the drawing of 
Fig. 3 in which an electronic capacitance device 
is schematically shown utilizing a plurality of 
parallel and superimposed laminar beams 2a, 
generated by an electrode System not shown in 
the drawing. This parallel beam capacitance 
device also includes a control grid (not visible) 
and a first accelerating electrode 6a, partly 
visible through the opening of the envelope foa 
and provided with a plurality of elongated slots 
6'a. In a similar way, the second accelerating 

anode fla of the rectangular equipotential 
chamber 9'a is provided with an equal number 
of elongated slots 7'd, through which electron 
beams 2a penetrate into equipotential chamber 
9'd before striking against collector or target 

electrode 8a. 
Equipotential chamber 9'a includes a capaci 

tor 25d formed of electrodes each having a 
plurality of vanes interleaving with the Vanes of 
the other electrode. As can be seen in the draw 
ing, vanes 26.a forming one electrode and elec 
trically interconnected by means of a conducting 
member 32, are coupled to utility terminal 27a, 
while vanes 26'd, corresponding to the other 
electrode and electrically interconnected by 
means of a conducting member 33, are coupled 
to utility terminal 28a of the parallel beam 
electronic capacitance device. The ultimate 
utility capacitance obtainable between utility 
terminals. 27a and 28d will be that of the prece 
dent case multiplied by the number of electron 
beams 2a. The advantage of the electronic 
capacitance device, according to Fig. 3 with re 
spect to that shown in Fig. 1, consists in that 
a larger utility capacitance is obtained Without 
lowering the permissible higher limit of the 
utility frequency, since the transit time of the 
electrons between the electrodes remains Sub 
stantially the same as in the device according to 
Fig. 1, as long as the geometrical factor of the 
electrodes is not modified. Furthermore, a larger 
electronic capacitance is obtained without lower 
ing the accelerating voltage U with the Subse 
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6 
uent limitations of the amplitude of the Working 
voltage U, which can be tolerated at the utility 
terminals of the electronic capacitance device, 
according to the invention. 
The schematic drawings of FigS. 4 and 5 illus 

trate another preferred embodiment of the elec 
tronic capacitance device according to the pres 
ent invention, in which a large utility capacitance 
is obtained using one electron beam only, since 
sometimes it may be desirable to obtain a large 
capacitance, without resorting to a Cathode Sys 
tem for generating a plurality of electron beams. 
The electronic capacitance, according to Fig. 4, 
comprises a substantially rectangular envelope 
Ob, including a cathode system it, a control 

electrode 5 and a first accelerating anode 5 air 
ranged in a manner similiar to that disclosed in 
Fig. 1. A second accelerating anode 7b and a 
collector or target electrode 8b form part of an 
equipotential chamber 9'b into which the lami 
nar electron bean f2b penetrates through an 
elongated slot 'b provided in accelerating anode 
b forming the front wall of this equipotential 

chamber. 
Equipotential chamber 9'b includes a capaci 

tor 25b similar to that disclosed in the drawing of 
Fig. 3, and further contains field coils 34 and 35 
connected in parallel to terminals 36 and 3, to 
which a source of magnetizing current (hot, 
shown in the drawings) is applied. 

Each field coil 34 or 35 is formed of two rec 
tangular coils of small rectangular cross section, 
arranged parallel and close to the lateral walls 
of equipotential chamber 9’b, in the vicinity of 
target electrode 8b or Second accelerating anode 
Tb, respectively, as can be observed in the draw 

ing of Fig. 5. Coils 34 are centered on electrode 
26'b of capacitor 25b, and thus will generate an 
electromagnetic field substantially perpendicular 
to the plane of the drawing, so that electron beam 
2b, after having traversed the interellectrode 
space between electrodes 26b and 26’b, is devi 
ated due to the field generated by coils 34 and is 
directed toward the adjacent and lower inter 
electrode space between electrodes 26'b and 26b. 
The electron beam, after having traversed the 
space between electrodes 26'b and 26b in an 
opposite direction, penetrates into the magnetic 
field generated by coils 35 and hence is turned 
back toward the Space between the lowest elec 
trodes 26b and 26 b, now travelling in the original 
direction toward collector or target electrode 8b. 
Thus, electron beam 2a passes between all elec 
trodes of capacitor 25b connected to utility ter 
minals 27 b and 28b and induces in these electrodes 
a current according to the variations in the utility 
potential present at these terminals, the ultimate 
utility capacitance obtainable being equal to that 
of the electronic capacitance device according to 
Fig. 3. However, it should be borne in mind that 
the time of transit of the electrons between elon 
gated entrance slot 'b and collector electrode 
8b not only has been increased to n-1 times the 

transit time present in the devices illustrated in 
Figs. 1 and 3 (n being the total number of the 
capacitor electrodes), but also includes the sub 
stantially semicircular paths described by the 
electrons due to the director magnetic fields gen 
erated by cois 34 and 35. 
The electronic capacitance devices illustrated in 

Figs. 1 to 5 have in common the utilization of 
substantially laminar electron beams and Sub 
stantially plane and parallel electrodes enclosed 
in a rectangular equipotential chamber. Figs. 6 
and 7 illustrate electronic capacitance devices ac 
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cording to the present invention in which an 
electron beam of annular cross Section and 3. 
capacitor formed of concentric circular electrodes 
are used, so that a relatively large utility capaci 
tance can be obtained in a reduced space. 
AS can be seen in the drawing, the electronic 

capacitance device illustrated in Figs. 6 and 
comprises a tubular envelope 38 of conventionai 
design, including at one end a cathode system 
39 designed for generating an electron bean Ét 
of annular cross section. Similar to the electronic 
capacitance devices shown in the previous fig 
ures, a control grid 4 and accelerating anodes 
f2 and 43, provided with annular slots S2’ and 
43', respectively, are arranged in front of cathode 
System 39 to control the intensity and to direct 
electron beam 43 toward the circular slot 43' pro 
vided in second accelerating anode 43 which, to 
gether with circular target electrode 44 and Walls 
45, forms a circular equipotential chamber 45", 
connected to the positive pole 23' of the lost ten 
Sion D.-C. Supply 26. 

Equipotential chamber 45" includes a capacitor 
25c formed of two cylindrical and concentric 
electrodes 26c and 26'c connected to utility ter. 
minals 2c and 28c, respectively. Electrodes 26c 
and 26' care concentrically arra,inged with respect, 
to the circular entrance slot 43', Sp that, he ar. 
nular electron beam 40, after enteritag equipo 
tential chamber 45, travels Within the isterellec 
trode Space limited by these electrodes. it, Wii 
be understood by those skilled in the art that, dua 
to the tension present at utility terriniinals 2c and 
28c, electron beam 4 will deviata from its nean 
path in a radial expansion or contaction cis 
placement, inducing in electrodes 2&c and 25' ca, 
Cret 

if the transit time of the electrons is short with 
respect, to the period of the tension at (i). Hence, 
as before, an electronic capacitance A will be 
created between utility terminals 2.Éc and 28c, 
this factor A being determined, as already ex 
plained hereinbefore, by the accelerating poten 
tial U, the current carrying capacity J of the an. 
nular beam 49, and the physical dimensions of 
capacitor 25c. It will be also understood that, 
in order to increase the obtainable electronic ca 
pacitance, a plurality of concentrically arranged 
cylindrical electrodes can be used in combination 
with the corresponding number of annular elec 
tron beams. 

In general, it is an essential feature of elec 
tronic capacitance devices, according to our in 
wention, that the electron beans used are high 
intensity beams formed of very low velocity elec 
tions. Hence, these electron beans can be chair 
acterized as “high conductance' beams having 
a conductivity of the order of millimhos, while 
in the usual electronic devices or tubes, for in 
stance, Cathode-ray tubes, beans having a con 
ductivity of a few hundredths of a nicronhos 
are used. 
While we have shown our electronic capac 

i{a}ce devices as ultilizing election beann intern 
sity control means to obtain a Variation of the 
utility capacitance, it Will be understood that a 
variation of the accelerating potential applied 
to the target electrode can also be used for the 
52me purpose. Furthermore, the capacitor elec 
tl'odes enclosed in the equipotential chamber can 
be shaped to Suit the particular performance 
characteristics of the device. Hence, it will be 
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apparent to one skilled in the art that many 
modifications may be made Without departing 
from the scope of our invention, as Set forth in 
the appended claims. 
We claim: 
1. A variable electronic capacitance device 

comprising an evacuated envelope including 
Jineans for generating a plurality of electron 
beans, a low-potential electron accelerating and 
collecting means constituted by an equipotential 
chamber having a plurality of slots looking to 
Ward said electron beam generating means and 
including a capacitor having two electrodes con 
nected to a pair of utility terrainals and each 
Constituted by a plurality of vanes, the vanes of 
Cine electrode interleaving with the vanes of the 
other electrode, neans to direct said electron 
beams toward the interelectrode Spaces of Said 
capacitor, to obtain between said utility ter 
(minals a, utility capacitance equal to the sum 
of the capacitance of said capacitor and an elec 
tronic capacitance Substantially proportional to 
the product of the intensities of said electron 
beams, the number of the interellectrode spaces 
and a factor determined by the size of said inter 
electrode spaces, and inversely proportional to 
the accelerating potential applied to said equi 
potential chamber, and means to Siaultaneously 
conti?ol the intensity of Said electron beams to 
vary said utility capacitance in accordance with 
an electric potential applied to said control 

ea.I.S. 2. A variable electronic capacitance device 
comprising an evacuated envelope including 
means for generating a plurality of parallel 
aminar electron beams, a low-potential electron 
accelerating and collecting ineans constituted 
of an equipotential chamber having a plurality 
of elongated slots looking toward said electron 

40 beaza generating Inleans and including a capac 
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ito: having two electrodes connected to a pair 
of utility terminals and each constituted by a 
plurality of substantially plane wanes, the vanes 
of one electrode intelleaving with the vanes of 
the other electrode, means to direct said laminal 
electron bean toward the interellectrode spaces 
of said capacitor to obtain between said utility 
terminals a utility capacitance equal to the sum 
of the capacitance of said capacitor and an elec 
tionic capacitance Substantially proportional to 
the product of the total current intensity of the 
laiminar electron beans, the number of the inter 
electrode spaces and a factor determined by the 
size of Said interelectrode spaces, and inversely 
proportional to the accelerating potential applied 
to said equipotential chamber, and means to 
simultaneously control the intensity of said 
laminar electron beams to vary said utility ca 
gacitance in accordance With an electric poten 
tial applied to said control means. 

3. A variable electronic capacitance device 
COInprising an evacuated envelope including 
means for generating a plurality of electron 
beans, an accelerating and collecting means 
constituted by an equipotential chamber having 
a plurality of slots looking toward said electron 
bean generating means and including a collector 
electrode portion and a capacitor positioned 
Within Said chamber and having two electrodes, 
each of said electrodes being connected to a 
utility terminal and formed by a plurality of 
Vanes, the vanes of one electrode inter-weaving 
With the Vanes of the other electrode, means to 
direct Said electron beams toward the inter-elec 
trode spaces of said capacitor, to obtain between 
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said utility terminals a utility capacitance equal 
to the sum of the capacitance of said capacitor 
and an electronic capacitance substantially pro 
portional to the product of the intensities of the 
said electron beams, the number of the inter 
electrode spaces and a factor determined by the 
size of the said inter-electrode spaces, and in 
versely proportional to the accelerating poten 
tial applied to said equipotential chamber, and 
means to simultaneously control the intensity of 
said electron beams to vary said utility capac 
itance as a function of the electric potential ap 
plied to the Said control means. 

EDOUARD LABN. 
ANDRES LEVIALDI. 
MARC ZIEGLER. 
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