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Vladimir K. Zworykin, Philadelphia, Pa., and 
Louis Malter, Collingswood, N.J., assignors to 
Radio Corporation of America, a corporation 
of Delaware 

Application January 3, 1936, Serial No. 61,680 
10 Claims. 

Our invention relates to electronic oscillators 
and multipliers. More specifically, our inven 
tion is an electronic oscillator or amplifier in 
which the number of electrons is multiplied by 
Secondary emission. 

... We are aware of numerous ultra high fre 
quency oscillators which operate as electronic 
oscillators. Oscillators of this type are broadly 
known as magnetrons, or Barkhausen-Kurz. OS 
cillators. We are also aware of electronic multi 
plication devices in which Secondary emission 
increases the total number of electrons flowing 
in a given circuit. Among the objects of the pres 
ent invention is to combine the operating char 
acteristics of a magnetron Oscillator or amplifier 
and an electron multiplier. - 
Another object is to generate ultra high fre 

quency oscillations in a vacuum tube employing 
cold electrodes which are secondarily emissive. 
Another object of our invention is to combine a, 
thermionic driver Oscillator and an electronic OS 
cillator-multiplier. An additional object is to 
couple a driver circuit. Which is energized by the 
emission of Secondary electrons to an Oscillatory 
circuit whereby Sustained Oscillations are estab 
lished. A still further object is to devise an elec 
tronic oscillator-multiplier device employing 
electroStatic fields Only. A still further object is 
to establish a Source of electrons by means of 
an electron multiplier and to create ultra high 
frequency oscillations by feeding electrons from 
Such source into an electronic oscillator-multi 
plier. Additional objects will appear in the ac 
Companying Specification and appended claims. 
In the accompanying drawings, Figure I is a 

Schematic diagram of an electronic oscillator 
multiplier device, 

Fig. II is a modified arrangement embodying 
the features of Fig. I, 

Fig. III is an electronic oscillator-multiplier in 
which a thermionic oscilator is employed as a 
driver circuit, 

Fig. IV is an electronic oscillator-multiplier in 
which the driven circuit is mutually coupled to 
the oscillator circuit, 

Fig. W is another embodiment of our inven 
tion employing grid shaped electrodes which are 
secondary electron emitters, 

Fig. WI is a schematic diagram of a modified 
embodiment of our invention which is similar to 
Fig. V, 

Figs. VII and VIII are electronic oscillator 
multipliers in which electrostatic fields only are 
employed, 

Fig. IX is a schematic illustration of one form 

(C1, 250-36) 
of our invention in which the electronic multi 
plier provides a source of electrons for a magne 
tron oscillator which employs secondary emis 
Sion, and 

Fig. X represents one physical embodiment of 
Our in Vention. 
The theory of operation of our invention in 

Wolves an understanding of electronic oscillators, 
Secondary emission and electronic multipliers. 
The theory of the Operation of these devices is 
complicated and not thoroughly understood. 
However, since the theory may be an aid to an 
understanding of our invention we shall present 
a tentative theory of operation but do not intend 
to thereby limit our invention. 
In an electronic oscillator of the split anode 

type, electrons are emitted by a heated cathode, 
Under the influence of a magnetic field whose 
lines of force Surround the cathode and are Sub 
stantially parallel thereto the electrons, emitted 
by the cathode, follow a curved path from the 
cathode toward the anodes. If the magnetic field 
is of Suitable strength, the transit time of elec-- 
trons Will be Such that ultra high frequency 
Oscillations will be established in a tuned circuit 
connected between the anodes. The frequency 
of such oscillations depends primarily upon the 
magnetic field strength. The oscillatory fre 
quency may also depend on the resonant period 
of the circuit connected to the anodes. 
The theory of secondary emission is as follows: 

If electrons moving at high Velocity strike an 
electrode surface, secondary electrons are emit 
ted. The number of Such secondary electrons 
will depend upon the velocity of impact and the 
nature of the surface material of the electrode 
upon which the primary electrons impinge. 
The theory of electronic multipliers is based 

primarily upon the theory of secondary emission. 
If primary electrons impinge at sufficient veloc. 
ity on a suitable electrode, this electrode will 
emit a large number of Secondary electrons. 
These electrons may be accelerated and impinged 
On a second electrode which in turn will emit 
still more secondary electrons. In this manner 
the number of electrons may be increased and 
multiplied many fold. . . 
We propose to combine Several of these effects 

Whereby a single device may be used as an elec 
tronic oscillator-multiplier. One device embody 
ing our invention is illustrated in Fig. I. In this 
figure within an evacuated envelope four elec 
trodes 3 are suitably mounted. These electrodes 
are preferably cylindrical in shape and are in 
sulated from each other. An accelerating anode 
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2 
5 is concentrically mounted with respect to the 
four cylindrical shaped electrodes. Oppositely 
disposed pairs of the cylindrical electrodes are 
connected together by wires 7, 9. An Oscillatory 
circuit f is connected between these pairs of 
electrodes. This circuit comprises an inductor 
3 and a variable capacitor 5. The accelerating 
anode electrode is connected to the positive ter 
minal of a battery 7. The negative terminal 
of this battery is joined to a tap 9 which is 
intermediate the ends of the inductor 3. 
A magnetic field is generated by a suitable 

magnet which is not shown in this figure. One 
suitable type of magnet is shown in Fig. X. This 
magnet is a simple solenoid winding which sur 
rounds the tube envelope. The Solenoid creates 
a magnetic field. Whose lines of force Surround 
the accelerated electrode 5 and are substantially 
parallel thereto. 
Under the influence of the accelerating elec 

trode, which has been given a suitable positive 
potential with respect to the four cylindrical elec 
trodes, electrons will be liberated from the Sur 
faces of these electrodes. It should be under 
stood that these electrodes include an inner sur 
face suitably treated with caesium or the like 
Which renders the Surface secondarily emissive. 
Under the influence of the combined electromag 
netic and electrostatic forces, the electrons will 
follow curved paths as represented by the dash 
lines 2. 
Concurrent With the emission of electrons a 

transient current Will flow in the tuned circuit . 
The natural period of the tuned circuit is so 
chosen that a suitable phasal relation will exist 
between this period and the time elapsing between 
the emission of an electron and itS impact upon 
the succeeding target. This phasing of the 
transient current with respect to the notion of 
the electron is such as will permit the transient 
current to deliver energy to the primary electron 
before its impact. The relative phases of the 
transient current in the tuned Circuit and the no 
tion of the secondary electrons continuously shift 
so that a sustained oscillation is built up. The 
energy for such sustained Oscillation is, of course, 
furnished by the battery 7. Thus oscillations 
are not only created but the proper phase rela 
tion between the tuned circuit and the electronic 
motion permits the number of electrons to be 
multiplied to a very high degree. The limit of 
the electronic multiplication is obtained when 
the space charge becomes sufficiently large to 
prevent further multiplication. 
The embodiment of my invention shown in Fig. 

II is substantially similar to that of Fig. I. For 
this reason it is convenient to use the same refer 
ence numbers. The essential modification of Fig. 
II is that the accelerating anode 5 surrounds the 
secondarily emissive electrodes while in Fig. I 
the converse is true. The operation of Fig. II 
is essentially the same as described above in 
connection with Fig. I. Both of these figures 
represent a combined electronic oscillator and 
multiplier. 

In Fig. III, an electronic tube is arranged with 
four electrodes 23, of partially cylindrical shape, 
concentrically positioned with respect to the ac 
celerating anode 25. Pairs of oppositely disposed 
electrodes are connected by leads 2 and 29. 
thus far the arrangement of Fig. III is similar 
to Fig. I. The driver circuit 3 consists of a 
variable capacitor 33 and the inductor 35. The 
high potential terminal of the driver circuit is 
connected to the pair of electrodes 23- 23 by con 
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necting wire 29. The driver circuit is included 
in the output of a thermionic oscillator 3. This 
Oscillator may be any Well knoWn type. 
The Second pair of oppositely disposed elec 

trodes 23-23, connected by lead 2, are con 
nected through an oscillatory circuit 39 to the 
lower terminal of the driver circuit 3. The os 
cillatory circuit is comprised of a variable ca 
pacitor 4 and an inductor 43. An anode battery 
45 is connected between the junction of the 
tunable circuits 3-39 and the accelerating 
anode 25. 
In this figure the oscillatory frequency is de 

termined by the driver oscillator. The electron 
path 47 is represented approaching, but not con 
tacting, the electrodes 23-23 connected to the 
oscillatory circuit 39. The time periods of the 
electron paths 4 and the tuned circuits are pref 
erably the same. In this arrangement the OS 
cillatory circuit represents the output of the net 
work. This oscillatory circuit will absorb energy 
from the electrons. The energy required to pro 
duce the secondary emission is supplied by the 
driver and battery. 
The electronic tube and circuit of Fig. IV is 

substantially the same as Fig. III. Similar parts 
have been represented by similar reference 
numerals. One difference between the apparatus 
of Figs. III and IV is the addition of external ac 
celerating anode 25 in the latter apparatus. 
Another difference is the omission of the external 
driver oscillator in the circuit of Fig. IV. The 
oscillatory circuits are mutually coupled. The 
coupling is phased to feed oscillatory Currents 
from the first oscillatory circuit to the second os 
cillatory circuit in the proper phase so as to pro 
duce secondary emission from electrodes 23-23 
connected to the second oscillatory circuit 3. 
The operation of this circuit depends upon elec 
tronic multiplication. The theory of operation is 
broadly similar to Fig. III. 
In place of mutual magnetic coupling between 

the tuned circuits, a thernionic amplifier may be 
used to couple these circuits. This amplifier is 
not shown but may be a Screen grid, pentode, or 
other suitable thermionic tube. If the amplifier 
is used to link the tunable circuits, the phasal 
relations should be determined by establishing 
that coupling which sustains oscillations. 

In Fig. V the evacuated envelope 5 is prefer 
ably of annular or toroidal shape. Within the 
inner and outer circular walls of this envelope are 
Suitably mounted at 90 intervals four grid-like 
electrodes 53. Each. Of these electrodes is made 
secondarily emissive. Oppositely disposed elec 
trodes are connected together by leads 55 and 57. 
Between these leads is serially connected a tunable 
circuit 59 and an accelerating voltage source 6 . 
The tunable circuit comprises an inductor 63 and 
a variable capacitor 65. 
The magnetic field is applied so that its lines 

of force are substantially parallel to the surfaces 
Of the grid-like electrodes. The electron path 
is substantially circular and is represented by 
the dashine 6. 
The theory of operation of this circuit is some 

what different from the preceding circuits. Un 
der the accelerating influence of the magnetic 
field and the positively charged electrodes, pri 
mary electrons will be emitted from the negative 
electrodes. These electrons will strike the posi 
tively charged grids and will emit secondary elec 
trons. If the tunable circuit is resonant and if 
its ratio of reactance to resistance is sufficiently 
high, a transient voltage will be established 
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Whereby an instantaneous positive voltage Will 
be placed on the electrodes which were previously 
negative. 
This instantaneous positive charge Will attract 

the secondary electrons with sufficient velocity to 
cause increased numbers of Secondary electrons to 
be emitted when they strike the temporarily pos 
itive target. The phasal relation between the 
transient and the electronic motion will be such 
as to result in the building up of sustained Oscil 
lations in the tuned circuit. 
A modification of our invention appears in Fig. 

WI. In this figure, the evacuated envelope is rep 
resented by reference numeral . Four square or 
rectangular electrodes 73 are disposed to form a 
hollow square with open corners. An accelerat 
ing grid-like anode 5 has four branches arranged 
in line with the diagonals of this Square and pro 
jecting through the open corners. Oppositely dis 
posed pairs of the square or rectangular elec 
trodes 73 are connected together by leads 7, 79. 
Tunable oscillatory circuits 8, 83 are connected 

to each of these leads. The lower terminals of 
these circuits are joined together and to the neg 
ative terminal of a battery 85. The positive ter 
minal of this battery is connected to the accel 
erating grids 75. 

It should be understood that the Outer Surfaces 
of the electrodes 3 are made of material which 
readily emits Secondary electrons. A magnetic 
field is disposed about the electrodes so that its 
lines of force are Substantially parallel to the 
electrode surfaces. Electrons emitted from the 
instantaneously negative pairs of electrodes are 
accelerated in a curved path under the forces 
established by the magnetic field and accelerat 
ing electrodes. 
These electrons approach the pairs of elec 

trodes which are instantaneously positive but do 
not contact the surface of these electrodes. In 
stead they proceed in a curved path to the target 
formed by the next succeeding electrode. In this 
arrangement the second OSciliatory circuit 33 
is suitably coupled by magnetic coupling to the 
oscillatory circuit. The theory of operation of 
Fig. VI is substantially sinilar to that of Figs. 
III and IV. It is not essential that the coupling 
between the driver circuit and oscillatory circuit 
be arranged as shown. In place of magnetic cou 
pling, an amplifier may be employed to couple 
these circuits. In any event, the phase of the 
coupling should be such as Will Sustain Oscilla 
tions. 

Fig. VII is a Schematic illustration of our in 
vention in which electrostatic forces only are 
employed. In this figure, Within a suitable en 
velope 9 four hollow electrodes, 93, are arranged 
to form a substantially rectangular path. Each 
of these electrodes resembles a hollow L or a 
hollow irregular T. The hollow section of each 
of these electrodes may be a circular section. It 
Will be observed that the Several electrodes have 
three openings at the ends thereof. Oppositely 
disposed pairs of these electrodes are joined by 
connecting wires 95 and 92. Between these wires, 
95, 9, are serially connected a tunable circuit 99 
and a battery . The tunable circuit com 
prises a variable capacitor 3 and an inductor 

5. The ratio of the reactance to the resistance 
of this circuit should be high. 
The theory of operation. Of this circuit is Sub 

Stantially the same as that of Fig. W. It is as 
Surned that electrons Will be emitted from each 
of the instantaneous negative electrodes and Will 
be accelerated at high velocity toward the in 

3 
stantaneously positive pairs of electrodes. The 
surfaces of these electrodes, which act as targets, 
are made secondarily emissive and liberate in 
creased numbers of secondary electrons. These 
Secondary electrons are in turn accelerated at 
high velocities toward the next succeeding in 
stantaneously positive eiectrodes. The electron 
paths are represented by the dash line . 

It will be apparent that the instantaneous volt 
age of the tunable circuit 99 must exceed the 
voltage of the battery if sustained oscillations 
aire to be generated. If this circuit is resonant 
and has a low resistance in relation to its react 
ance, the currents flowing in the resonant circuit 
Will be sufficient to establish the required poten 
tials. In this as in the Other figures, it is prefer 
able to have the resonant period of the oscilla 
tory circuit Suitabily related to the time between 
Successive electron movements or multiples there 
Of. 
In Fig. VIII the envelope 9 and the electrodes 

| , 3, 5, 7 are similar to those of Fig. VII. 
The circuit arrangements illustrated by this fig 
lure differ from those of Fig. WII. In the pres 
ent circuit, each of the adjacent electrodes begin 
ning With are connected as follows: An oscil 
latory circuit 9 is connected to the first elec 
trode and to the negative terminal of a bat 
tery 2. The positive terminal of this battery 
is corneated to the second electrode f3. The 
negative terminal of the battery 2 also is con 
hected to a second Oscillatory circuit f23. This 
Oscillatory circuit 23 in turn is connected to the 
third electrode 5 and to a third oscillatory cir 
cuit 25. This Oscillatory circuit is connected to 
the negative terminal of a second battery 27. 
The positive terminal of battery 27 connects to 
the fourth electrode . The negative terminal 
of battery 2 is also connected to a fourth oscil 
latory circuit 29. This oscillatory circuit is con 
nected to the first mentioned electrode . . . 
Of these oscillatory circuits, the first and third 

mentioned 9, 25 are the circuits which deliver 
energy to the electrons resulting in secondary 
emission, the second and fourth mentioned cir 
cuits 23, 29 are the circuits which abstract 
energy from the electrons so as to maintain oscil 
lations Within these circuits. The circuit 9 and 
the circuit 29 are suitably coupled by mutual 
magnetic coupling M or the like. The circuit 23 
and the circuit 25 are likewise coupled. No 
magnetic field is required in this circuit arrange 
ment. The electrostatic field provides the nec 
essary force. In this arrangement, electrons 
emitted from the instantaneously negative elec 
trodes approach the next adjacent instantane 
Ously positive electrode but do not strike this 
target as the instantaneous polarity changes dur 
ing the electron movement so that the next suc 
ceeding target is struck by the electrons at high 
velocities. The impact of these electrons liber 
ates Secondary electrons which are in turn car 
ried around the electron path 3. The mutual 
coupling between the pairs of oscillatory circuits 
provides the necessary feedback path by means of 
Which sustained continuous oscillations are gen 
erated. 
A modification of our invention is illustrated 

in Fig. IX. In this figure an electron multiplier 
is represented within the lower portion of the 
envelope 5. In the upper portion of the en 
velope 53 an electronic oscillator-multiplier is 
shown. Inasmuch as the present application is 
not directed to electronic multiplers per se, a 
detailed description is not included. In applica 

5 

O 

5 

20 

25 

30 

40 

45 

50 

60 

70 



s 

0. 

2. 5 

30 

35 

65 

70 

5 

4 
tion Serial No. 4,049 filed on January 30, 1935, 
and entitled Electric discharge device, by Louis 
Malter, and assigned to the same assignee as this 
present application, a complete description of a 
Suitable form of electroraic multiplier is contained. 

It is sufficient for the present application to 
point Out that a source of light is focused by a 
lens 55 on a photosensitive electrode 5. A 
series of accelerating anodes 59 and Secondary 
emitter electrodes 6 cause the electrons to foll 
low the paths represented by dash lines 63. The 
numbers of electrons are nultiplied by each Suc 
cessive impact until the final target is reached. 
This target is adjacent a grid-like electrode 65 
which is preferably of cylindrical shape. Three 
additional electrodes 5 are concentrically 
mounted within the upper envelope section 53. 
These electrodes are each insulated from each 
other and are concentrically positioned With re 
spect to an accelerating anode 69. 

Oppositely disposed pairs of the cylindrical 
electrodes are joined by connecting leads , 

3. A resonant circuit 5 is connected be 
tween these leads 7, 3. This resonant circuit 
is composed of an inductor and a Variable 
capacitor 79. A tap. 8 is arranged interme 
diate the ends of the inductor f7. A battery is 
connected between this tap and the accelerating 
anode 69. A magnetic field whose lines of force 
Surround the electrodes and are substantially 
parallel to the accelerating electrode is applied to 
to the electrodes within the upper and lower Sec 
tions. Excepting the fact that the electron multi 
plier in the lower section of the envelope 5 
provides a source of secondary electrons which 
are projected within the space formed by the 
cylindrical anodes, this arrangernent is essen 
tially the same as Fig. I. The present embodi 
ment of our invention is used Whenever large 
numbers of electrons are initially required. It 
should be understood that in place of the light 
source any suitable means of establishing elec 
trons may be employed. 

In Fig. X one physical embodiment of Our in 
vention has been illustrated. In this figure the 
evacuated envelope is represented by the refer 
ence numera. 9. The four cylindrica shaped 
electrodes 93 are suitably supported Within the 
envelope. These electrodes 93 are concentrically 
arranged with respect to the accelerating anode 
95. The magnetic field is established by a direct 
current flowing in the Solenoid Winding 9, 
which is cut away for cleariness of illustration. A 
permanent magnet may be substituted for the 
electro-magnet. 

It should be understood that various combina 
tions of parts which are represented in the sev 
eral illustrations of our invention may be con 
bined; for example, the thermionic oscillator 
which is the driver in Fig. III may be employed 
in connection with any of the embodiments illus 
trated in the other figures. Likewise, an ampli 
fier couping may be employed to couple the 
oscillatory circuits of any of the several figures. 
Although we have illustrated electronic devices 

in which four secondarily einissive electrodes are 
employed it should be understood that our inven 
tion is not limited to this Specific arrangement. 
Any even number of secondarily emissive elec 
trodes may be employed. Likewise, We have de 
scribed electrodes of cylindrical shape. This 
particular shape is not essential and plane elec 
trodes may be substituted, as illustrated in Fig. 
WI. The electron tube of Fig. W may be en 
ployed in a circuit similar to Fig. I. Tikewise, a 
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grid-like electrode may be used, as illustrated 
in Fig. W. 
Other modifications. Within the Scope of Our 

- invention will occur to those skilled in the art. 
The foregoing examples are by way of illustra 
tion of our invention and are not to be taken as 
limitations of form or circuit. 
We cairn: 
1. In an electronic oscillator-multiplier, at least 

four electrodes having electron emissive Surfaces, 
said emissive surfaces being the principal Source 
of electron emission for said oscillator-multiplier, 
an accelerating anode, means for Supporting Said 
electrodes in Substantially uniform relation. With 
respect to Said accelerating anode, means electri 
cally connecting alternately disposed electrodes, 
an oscillatory circuit, means whereby one ter 
minal of the Oscillatory circuit is connected to one 
group of interconnected electrodes and the other 
terminal connected to the remaining group of 
interconnected electrodes, a source of polarizing 
potential effectively connected between said OScil 
latory circuit and Said accelerating anode, and a 
magnetic field whose lines of force surround said 
electrodes and are Substantially parallel to Said 
accelerating anode. 

2. In an electronic OScillator-multiplier, a plu 
rality of at least two pairs of electrodes having 
electron emissive Surfaces, said emissive surfaces 
being the principal Source of electron emission for 
Said CScillator multiplier, an accelerating anode, 
means for Supporting said plurality of electrodes 
in substantially uniform relation with respect to 
Said accelerating anode, means electrically con 
necting alternately disposed electrodes of said 
plurality, an OScillatory circuit, means for im 
pressing Oscillating Voltages developed across said 
OScillatory circuit between adjacent electrodes of 
Said plurality of electrodes, a source of polarizing 
potential effectively connected between said cir 
cuit and Said accelerating anode, and a magnetic 
field whose lines of force surround said electrodes 
and are Substantially parallel to said accelerating 
anode. 

3. In an electronic oscillator-multiplier, a plu 
Itality of at least two pairs of electrodes having 
electron emissive surfaces, said emissive surfaces 
being the Sole source of electron emission, an 
accelerating anode, means for supporting said 
plurality of electrodes in concentric relation to 
Said accelerating anode, means electrically con 
necting alternately disposed electrodes of said 
plurality, at least one oscillatory circuit connected 
serially between adjacent electrodes of said plu 
rality, a source of polarizing potential effectively 
COnnected between Said circuit and said accelerat 
ing anode, and a magnetic field whose lines of 
force Surround Said electrodes and are substan 
tially parallel to said accelerating electrode. 

4. In an electric discharge device, a plurality of 
at least four curve-shaped electrodes having ex 
pOSed electron emitting surfaces which are the 
Sole electron emitting surfaces for said device, an 
accelerating anode, means for supporting said 
electrodes in concentric relation to said anode, 
means electrically connecting alternately disposed 
electrodes, means for inpressing oscillating poten 
tials between adjacent electrodes, means for main 
taining said accelerating anode at a positive 
potential with respect to said plurality of elec 
trodes, and means for creating a magnetic field 
whose lines of force are substantially perpendicu 
lar to electron paths between Said electrodes, 
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said electrodes, impinge on said exposed surfaces 
and thereby cause the emission of electrons from 
said Surfaces. 

5. In a device of the character of claim 1 in 
which the accelerating electrode is located at 
Substantially the center of said plurality of elec 
trodes. 

6. In an electric discharge device, a plurality of 
pairs of electrodes having electron emissive Sur 
faces, an accelerating anode, means for support 
ing said electrodes in substantially uniform rela 
tion. With respect to Said anode, means connecting 
electrically alternately disposed electrodes, a first 
and a second oscillatory circuit, means mutually 
coupling Said circuits, an anode current Source 
effectively connected between said circuits and 
said anode, means connecting first oscillatory 
circuit to one group of interconnected electrodes, 
and means connecting second Oscillatory circuit 
to the remaining group of interconnected elec 
trodes, whereby secondary electrons are emitted 
from said electrodes and travel between said pairs 
of electrodes to maintain continuous oscillatory 
currents in One of Said circuits. 

7. In an electric discharge device, a plurality of 
pairs of electrodes having electron emissive sur 
faces, an accelerating anode, means for support 
ing said electrodes in Substantially uniform rela 
tion with respect to said anode, a first and a sec 
Ond Oscillatory circuit, an anode current source 
effectively connected between said circuits and 
said anode, means connecting each of said circuits 
to a pair of Said electrodes, and a thermionic 
driver connected to one of said oscillatory circuits 

5 
Whereby Secondary electrons are emitted from 
said electrodes and travel between said pairs of 
electrodes to maintain continuous Oscillatory cur 
rents in one of said circuits. 

8. In an electric discharge device, a plurality of 5 
pairs of electrodes having electron emissive sur 
faces, an accelerating anode, means for supporting 
Said electrodes in substantially uniform relation 
With respect to Said anode, means electrically con 
necting alternately disposed electrodes, a first and 10 
a Second oscillatory circuit, an anode current 
Source effectively connected between said circuits 
and Said anode, means connecting first of said 
OScillatory circuits to one group of said intercon 

... nected electrodes, means connecting second of 15 
Said oscillatory circuits to the remaining group of 
interconnected electrodes, and means for feeding 
back Oscillatory currents in one of said circuits to 
the other of said circuits whereby secondary elec 
trons are emitted from said electrodes and travel 20 
between Said pairs of electrodes to maintain con 
tinuous oscillatory currents in one of said circuits. 

9. In a device of the character of claim 1 an 
auxiliary Source of electrons derived from an 
electron multiplier, and means for impinging 25 
Said electrons on one of said plurality of elec 
trodes. 

10. In a device of the character of claim 4 an 
auxiliary Source of electrons derived from an elec 
tron multiplier, and means for impinging said 30 
electrons on one of Said plurality of electrodes. 
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