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ELECTRON DISCHARGE DEVICE 
Klaas Posthumus, Frans Michel Penning, Eduard 
Gerardus Dorgeio, and Cornelis Werburg, Eind 
hoven, Netherlands; wested in the Alien Prop 
erty (Custodian 

Application December 2, 1941, Serial No. 421,298 
In the Netherlands July 19, 1940 

(C. 250-27.5) 5 Claims. 

This invention relates to an electron discharge 
device utilizing an electron beam and suitable 
for use at very high frequencies, particularly 
to such a device in which the electrons in the 
beam are subjected to so-called velocity modula 
tion and from which energy is abstracted by 
induction. 
This invention relates to a device comprising 

a discharge tube in which the electrons are con 
Centrated in a beam and traverse a control space 
which is bounded by two electrodes which will 
be referred to hereinafter as circumscribing elec 
trodes. In the device to which the invention 
relates a speed or velocity control of the electrons 
can be brought about in the said space by means 
of an electrode, whereas the speed variations 
are Converted Outside the Said space into varia 
tions in density. 
According to the invention, the control space 

circumscribed by the circumscribing electrodes 
encloses two speed or velocity control electrodes 
to which are supplied control voltages of identi 
cal frequency but having a phase displacement 
of 180°. 
The initial speed of the electrons and the 

length of the speed-control electrodes are pref 
erably so chosen that the transit time of the 
electrons between two neighboring slits is a 
quarter of or half the oscillation period of the 
control voltages. 
The device according to the invention, in 

which the control space bounded by the circum 
Scribing electrodes encloses two control elec 
trodes, has the advantage that at a given length 
of the Speed-control electrodes the same effect 
is obtained as is obtained by means of a device 
Comprising one speed-control electrode in the 
control Space but in which the control voltage is 
doubled. 
In addition, the device according to the in 

vention is very advantageous if a Lecher-wire 
System comprising two parallel conductors is con 
nected to the control electrodes in a symmetrical 
later. 
In Order that the invention may be clearly 

understood and readily carried into effect it will 
now be described more fully with reference to 
the accompanying drawing, in which one form 
of construction of a device embodying it is illus 
trated. 
The discharge tube shown in the figure com 

prises an exhausted glass bulb G containing a 
stem i? at one of its ends and a stem f2 at the 
other end. The bulb accommodates means for 
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tially constant intensity and electron Speed. For 
this purpose use may be made of various means; 
the means illustrated in the drawing are to be 
regarded as an example only. In the present 
case the device for generating an electron beam 
comprises a heating filament 3, which is sur 
rounded by a cathode 4, a control electrode 5 
and an accelerating anode 6. 

During the operation of the device the fila 
nent 3 is heated by current received from a 
battery 7 and the accelerating anode 6 is Sup 
plied with a suitable voltage which is positive 
relatively to the cathode and is derived from a 
source of voltage 8. The control electrode 5 
is supplied with a preferably variable bias which 
is positive relatively to the cathode and may 
be furnished by a source of voltage 9. 
At the other end of the tube is arranged an 

anode 20 whose function is to collect the elec 
trons emitted by the cathode and which will be 
referred to as the “collecting electrode.' On 
the cathode side of the collecting electrode 2 
is arranged a cylindrical electrode 2 which 
serves respectively for collecting or repelling the 
secondary electrons emitted by the collecting 
electrode 20 and Which is therefore given a po 
tential, which is positive or negative relatively 
to the collecting electrode and is derived from 
the source of voltage 22. - 

Preferably, a number of Coils 4 are arranged 
for the obtainment of a sharp concentration of 
the electron beam. - 
The control space in which the speed of the 

cathode ray beam can be controlled is bounded 
by two tubular electrodes 23 and 24 which sur 
round the path of the electron beam and are 
referred to hereinafter as circumscribing elec 
trodes. In the case illustrated these circum 
scribing electrodes are grounded and are given 
a high potential which is positive relatively to 
the cathode and which is derived from a Source 
of voltage 25. 
According to the invention, the control Space 

bounded by the electrodes 23 and 24 encloses, 
either within or without the bulb 9, tWO Speed 
control electrodes 26 and 27 which are supplied 
With control voltages of the Sane frequency 
having a relative phase displacement of 180°. 
Due to the potential variation in the control 
space relatively to the limiting potentials of this 
space speed control or in fact velocity modula 
tion of the electron beam is obtained. 
The electrons which at a given moment are 

enclosed in the control space between two elec 
generating an electron beam having a substan- 55 trodes, for example the electrodes 23 and 26, are 
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accelerated or delayed according as the Voltage 
of the electrode into which the electron enters, 
for example the electrode 26, is positive or nega 
tive at that moment relatively to that of the 
electrode 23 which the electron leaves, while the 
same occurs with the electrons which are enclosed 
between the electrodes 26 and 27 or 2 and 25. In 
the device according to the invention in which 
the electrodes are separated by two speed-control 
electrodes which are supplied with voltages hav 
ing a phase displacement of 180°, the speed or 
velocity modulation obtained is a maximum if 
the initial speed of the electrons and the axial 
length of the electrodes 26 and 27 are such that 
the transit time of the electrons between neigh 
boring slits or gaps in the control Space is it, 
wherein 27r is equal to the oscillation period of 
the control oscillation. In this case, the electrons 
which enter into the control space at the elec 
trode 23 will leave the control space at the elec 
trode 26 about an entire cycle of the supplied 
control voltage later, whereas in the control space 
the passage from the electrode 26 to the electrode 
27 ensues approximately within half a period. 
An electron which enters into the electrode 23 
at a monent when this electrode has the maxi 
mum positive voltage, for example a voltage E. 
relatively to the circumscribing electrodes 23 and 
24 will therefore leave the electrode 2 at a mo 
ment When this electrode has the maximum nega 
tive voltage relatively to the circumscribing elec 
trodes so that both on entering and on leaving 
the control space the electron is accelerated under 
the influence of the control voltage E. In addi 
tion, the passage from the electrode 26 to the 
electrode 2 ensues for the relevant electron at the 
moment when there exists a voltage 2E between 
the electrodes 26 and 27, the electrode 27 being 
positive relatively to the electrode 26, so that on 
passing from the electrode 26 to the electrode 27 
the electron is accelerated under the influence of 
the voltage 2E. 

Similarly, an electron which enters the electrode 
28 at the moment when the electrode 26 has a 
negative velocity E relatively to the electrode 23 
will leave the electrode 2 at a moment when this 
electrode has a positive velocity E. relatively to 
the electrode 24 with the result that this electron 
is retarded both on entering and on leaving the 
control space. In addition, the passage from the 
electrode 26 to the electrode 27 ensues at a mo 
ment when the electrode 26 has a positive voltage 
2E relatively to the electrode 27 and on passing 
from the electrode 25 to the electrode 2 the 
electron is retarded under the influence of the 
voltage 2E. 
The electrons which enter the control space at 

the above-mentioned moments are consequently 
accelerated or retarded respectively in succession 
on passing from one electrode to the next follow 
ing under the influence of a voltage E, 2E and 
E, which has the same effect as though, under 
the influence of a voltage 4E, an acceleration or 
retardation respectively were brought about once. 
Owing to this, an electron beam which passes 

into the electrode 24 will be constituted by elec 
trons having a higher and electrons having a 
lower speed than the initial Speed of the electrons 
in the beam. - 

The electrodes 26 and 27 are supplied with con 
trol voltages having a relative phase displace 
ment of 180 by inserting an Oscillatory circuit 
between the electrodes 26 and 27 and feeding a 
control voltage to this circuit. Preferably, the 
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middle point of each of the electrodes is con 
nected to one of the conductors of a Lecher-line 
system 28 comprising two parallel conductors and 
whose middle point may be grounded through a 
high frequency choke coil while its length is SO 
regulated by means of a bridge 29 that the circuit 
formed by the Lecher conductors and the elec 
trodes 26 and 27 is tuned to the frequency of the 
control oscillation. 
The speed variations are converted into varia 

tions in intensity outside the control Space in a 
so-called overtaking or drift space, said Space 
being formed by the space enclosed by the elec 
trode 24. In this field free space the accelerated 
electrons after some time will have overtaken the 
retarded electrons so that in the beam are pro 
duced density variations or in fact intensity 
variations, which latter are dependent on the 
speed variations present and thus on the ampli 
tude of the control voltage which is supplied in 
counter phase to the electrodes 26 and 27. 

For the purpose of deriving energy from the 
bean that is varied in intensity, the electron bean 
is passed through a space between the two elec 
trodes 24 and 34 and which, internally or exter 
nally of the tube 6, preferably encloses two elec 
trodes 35 and 3. 
The electrodes 36 and 37 are interconnected by 

an oscillatory circuit 38 which is so proportioned 
that the circuit formed by the circuit 38 and the 
electrodes 36 and 37 is tuned to the frequency of 
the control oscillation or a harmonic thereof. In 
the given form of construction the Oscillatory 
circuit is formed by a Lecher-line System com 
prising two conductors whose length can be ad 
justed by means of a bridge 39 and each of which 
is connected to the middle point of one of the 
electrodes 36 and 37 respectively. The electrical 
middle point of the circuit which is formed by the 
Lecher-line system and the electrodes 36 and 37 
is preferably earthed via a high-frequency choke 
coil and thus has the same potential as the cir 
cumscribing electrodes. On passing through the 
space bounded by the electrodes 24 and 34, the 
groups of electrons of variable density induce an 
alternating current in the circuit. Which connects 
the electrodes 36 and 3 whose frequency, corre 
sponds to that of the control voltage Supplied to 
the electrodes 26 and 27. Due to this oscillations 
are generated in the oscillator circuit 38 having 
the same frequency or a harmonic frequency 
thereof; these oscillations bring about Voltages 
having a phase difference of 180° at the electrodes 
36 and 37 and may be supplied to a load circuit. 
The induction-effect is a maximum if the dimen 
sion of the electrodes 36 and 37 in the direction of 
the bean is such that the transit time of the elec 
trons between two neighboring slits or gaps is 
half a cycle. 
OWing to the Symmetrical construction of the 

electrodes 23, 25, 2 and 24 which form the con 
trol space and of the electrodes 24, 36, 37 and 34 
Which form the Space from which Oscillations can 
be derived, the device according to the invention 
is particularly suitable for the use of a Lecher-line 
Systein comprising two parallel conductors for 
Supplying and deriving energy. Such a Lecher 
wire System has the advantage over the use of 
Concentric Conductor's that leading Lecher wires 
through the tube Wall is easily done. 

If desired each of the control electrodes 26 and 
2 or 38 and 3, respectively, may be connected 
to the corresponding conductors of two Lecher 
line Systems diametrically arranged relatively to 
the contirol electrodes and in this case the influ 
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ence of the capacity which the control electrodes 
form relatively to the surroundings on each of 
the Lecher-line Systems is half that of the ca 
pacity in the use of only one Lecher-line System. 
Such a construction in which each of the elec 
trodes 26 and 27 or 36 and 37 respectively is pro 
vided With tWO diametrically arranged leading 
in wires thus permits of increasing the natural 
frequency of the Oscillatory system of which the 
electrodes form part. 

In the form of construction described the 
length of the electrodes 26 and 27 was such that. 
the transit time of the electrons along these elec 
trodes is half an Oscillation period and in this 
case the speed modulation obtained ensues under 
the influence of a voltage E in which E is the 
maximum amplitude of the control voltages sup 
plied to the electrodes 26 and 27. The same speed 
control can be obtained if use is made of a dis 
charge tube in which the electrodes 26 and 27 
have half the above-mentioned length or in 
other words are so long that the Spacing between 
neighboring slits is a quarter of the oscillation 
period of the control oscillation if the maximum 
amplitude of the control voltage Supplied is 2E. 
As a matter of fact, with this choice of the length 
of the electrodes 36 and 37 an electron that en 
ters the control Space at the nonent at Which 
there is no potential difference between the elec 
trodes 23 and 26 will pass through the interme 
diate space between the electrodes 26 and 27 after 
a quarter of the Oscillation period of the control 
oscillation and at this moment the electrode 27 
has either a positive or a negative voltage of 4E. 
relatively to the electrode 25 so that the electron 
that entered the control space without being ac 
celerated or retarded is accelerated or retarded, 
respectively, on passing from the electrode 26 to 
the electrode 27 under action of a voltage 4E. 
On the control space being left a quarter of the 
oscillation period later, again an acceleration 
does not occur, because at this moment there is 
no voltage drop between the electrodes 27 and 24. 
The electrodes 36 and 3 may be given a cor 

responding length. 
The form of construction in which the length 

of the electrodes 26 and 27 is such that the 
transit time of the electrons between neighboring 
slits is a quarter of the oscillation period of the 
control oscillation offers the advantage that the 
capacity which the electrodes 26 and 27 form 
relatively to each other and to the Surroundings 
is materially lower than in the other form of Con 
struction described so that this form of Construc 
tion permits of obtaining Oscillations of higher 
frequency. In addition, it may be observed that 
the more the length of the control electrodes in 
creases the greater is the possibility that density 
variations occur even in the control Space With 
the result that the speed control ensuing at the 
ends of the control space becomes leSS effective. 
Furthermore, it must be borne in mind that the 
length of the speed control electrode may have 
any value between the very favorable values in 
dicated in the forms of construction described. 
The device according to the invention is not 

only adapted for amplifying a control oscillation 
which is supplied in counterphase to the Speed 
control electrodes 26 and 27; it may also be used 
for generating oscillations and in this case the 
circuits 28 and 38 should be coupled together. 
In addition, the device according to the invention 
has been found to be highly advantageous for 
frequency-changing, for example mixing of ultra 
high frequency oscillations, and in this case use 
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is preferably made of a device comprising at 
least tWO electrode Systems for controlling the 
Speed of the electrons, the said systems having 
respectively supplied to them control voltages of 
different frequencies. 
For generating, amplifying or changing the 

frequency of oscillations of very high frequency 
the electrodes 26 and 27 or 36 and 37, respec 
tively, are united for example to form a hollow 
body which is turned to the frequency of oscilla 
tions to be generated, amplified or changed in 
frequency. 
While We have indicated the preferred embod 

iments of our invention of which we are now 
aware and have also indicated only one specific 
application for which our invention may be en 
ployed, it Will be apparent that our invention is 
by no means limited to the exact forms illus 
trated or the use indicated, but that many varia 
tions may be made in the particular structure 
used and the purpose for which it is employed 
Without departing from the scope of our inven 
tion as Set forth in the appended claims. 
What we claim as new is: 
1. An electron discharge device including a 

cathode for Supplying electrons and means for 
forming electrons from the cathode into a 
directed beam, a collector for said electrons, 
electrode means positioned between the beam 
forming means and the collector providing a 
control space and other electrode means within 
said control Space comprising a pair of hollow 
electrodes through which the beam is to be 
directed, said electrodes being adapted to have 
high frequency voltages applied thereto out of 
phase with each other for successively accelerat 
ing the electrons in the beam and means be 
tween the collector and said control space pro 
viding means for extracting energy from the 
beam. 

2. An electron discharge device having a 
cathode for supplying electrons, means for form 
ing the electrons from the cathode into a directed 
beam and a collector for Said electrons, means 
between said beam forming means and Said Co 
lector providing a pair of Spaces including a 
control Space and a space for extracting energy 
from the beam of electrons, a pair of control 
electrodes positioned adjacent each other within 
one of said control Spaces and adapted to have 
high frequency voltages applied therebetween 
for Successively accelerating the electrons in the 
beam directed through the control space and 
other electrode means in another of said spaces 
for extracting energy including a second pair 
of adjacent electrodes to be successively passed 
by the beam and adapted during operation of 
the device to have high frequency voltages ap 
plied to the second pair of electrodes for suc 
Cessively retarding electrons in the beam for ex 
tracting energy from the beam, 

3. An electron discharge device having a 
Cathode for Supplying electrons, means for 
forming the electrons from the cathode into a 
directed beam and a collector for said electrons, 
means between Said beam forming means and 
Said collector providing a pair of spaces includ 
ing a control Space and a space for extracting 
energy from the beam of electrons, a pair of 
Control electrodes positioned adjacent each other 
Within One of the control spaces and adapted 
to have high frequency voltages applied there 
between for Successively accelerating the elec 
trons in the beam directed through the control 



4. 

space and electrode means in another of Said 
spaces for extracting energy including a second 
pair of adjacent electrodes to be successively 
passed by the beam and adapted during Opera 
tion of the device to have high frequency voltages 
applied to the second pair of electrodes for suc 
cessively retarding electrons in the beam for ex 
tracting energy from the beam, the electrode 
means defining said spaces including a member 
for providing a field free space between the 
control space and the energy extracting Space. 

4. An electron discharge device having a 
cathode for supplying a beam of electrons and 
a collector for receiving said electrons, means 
between said cathode and said collector provid 
ing a pair of spaces and including a control 
space and a space for extracting energy from 
said beam of electrons, said means comprising 
a plurality of tubular conducting members and 
a pair of control electrodes positioned adjacent 
each other in one of said Spaces and adapted to 
have a high frequency voltage applied therebe 
tween for successively accelerating the electrons 
in the beam directed through the Space, and 
other electrode means in the other Space for ex 
tracting energy from Said bean including a Sec 
ond pair of adjacent electrodes to be. Successively 
passed by the beam and adapted during Opera 
tion of the device to have high frequency Voltages 
applied to the Second pair of electrodes for Suc 
cessively retarding electrons in the bean. 
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5. An electron discharge device having a 

cathode for supplying a beam of electrons and 
a collector for receiving said electrons, means 
between Said cathode and said collector pro 
viding a pair of spaces and including a control 
Space and a Space for extracting energy from 
Said beam of electrons, said means comprising a 
plurality of tubular conducting members and a 
pair of tubular control electrodes positioned ad 
jacent each other in one of said spaces and 
adapted to have a high frequency Voltage ap 
plied therebetween for successively accelerating 
the electrons in the beam directed through the 
Space, and other electrode means in the other 
Space for extracting energy from said beam in 
cluding a Second pair of adjacent tubular elec 
trodes to be Successively passed by the beam 
and adapted during operation of the device to 
have high frequency voltages applied to the sec 
Ond pair of electrodes for successively retard 
ing electrons in the beam, means defining said 
spaces including a member for providing a field 
free Space between the control space and the 
energy extracting space. 
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