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UNITED STATES PATENT OFFICE 

ELECTRIC, SPACE DESCHARGE. CIRCUITS 
Fred H. Kroger, Los Angeles, Calif., assignor to 
Radio Corporation of America, a corporation - 
of Delaware 
Application March 20, 1944, Seria No. 527,278 

(C. 179-17.5) 46 Claims. 
1. 

This-invention-relates to electron discharge de 
vice circuits which have been found to be espe 
cially useful on ultra short waves below six 
meters, and is a continuation-in-part of my co 
pendiag., application Serial No. 326,170, filed 
March 27, 1940, - which is now in the status of a 
forfeited application. More particularly, the in 
Vention relates to a method of and means for 
varying the phase relation between the excitation 
Voltage- and the output induced voltage of an 
electron beam repeater tube. The principles of 
the present. invention are described hereinafter, 
by Way of example only, in connection. With a 
Variable frequency Oscillator, a phase modulator 
and an amplitude-modulator, although it will be: 
understood that the invention is not limited. 
thereto. . 
In the conventional, design of electron oscilla 

tors: it has been necessary, to employ auxiliary 
circuits- including additional electron devices 
where it is desired to maintain a constant average 
variable frequency and modulate the generated 
frequency in; accordance With a variable control 
voltage; . . The use of these. auxiliary circuits in 
such knoWar arrangements not. Only unduly con 
plicates the entire System-but also decreases the 
efficiency:of the system. Further, the cost of such 
a conventional-system is increased by the use of . 
auxiliary: circuits necessary...to accomplish the 
foregoing-desired result. 
The present invention, among other things, 

Overcones, the disadvantages mentioned above by 
providing-an oscillation generator composed of a 
single: electron discharge device which maintains 
a constant average value of frequency and is also 
capable of having the frequency directly modu 
lated-in-accordance. With a variable control volt 
age. The controlling. energy required to fre 
quency modulate.my, improved electron oscillator 
is very small. 
One of the objects of the present invention is 

to provide an efficient means of varying the rela 
tive phase relation of the input and output of an 
electron discharge device at frequencies ranging. 
fron-zero into megacycles. 
Another: object-of the present invention is to 

provide an efficient control of the frequency of 
oscillations of an electronic oscillator by control 
iing the transit time of the electron stream. 
A further object is to provide a regenerative 

alectronic device having means capable of varying 
the regeneration at a frequency range from zero 
into negacycles. 

Briefly, the foregoing objects of the present in 
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2 
electron discharge devices having a stream of 
electrons which require an appreciable interval of 
time for transit, and providing means for Con 
trolling the transit time through variation of the 
accelerating voltage. It is preferred to employ an 
electron tube having a -cathode, a collector elec 
trode, one or more intermediate accelerating elec 
trodes, and a suitable tank circuit. In One par 
ticular embodiment successfully tried out in prac 
tice, and described hereinafter, I employ an evac 
uated electron-discharge device of the beam type 
tube having a -cathode at one end, a collector at 
the other end, a pair of intermediate accelerating 
electrodes, and an associated cavity resonator for 
the output, the latter being external of the vacu 
um tube structure and having a gap across which 
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the electrons pass for inductively exciting the 
tank. This tank circuit is in the form of a sur 
face of revolution with the central plane of the 
surface of revolution cutting the axis of the vacu 
um tube structure substantially at right angles. 
In its preferred form, the surface of revolution 
Constituting the tank circuit is a section approxi 
mating the sector of a circle with the vertex angle 
located adjacent the vacuum tube involved. Gen.-- 
erally speaking, Such structure may be said to be 
doughnut, in form: . For focussing the electrons 
there is provided a pair of magnetic lenses each 
constituted by a 'leakage: field surrounding: the 
envelope of a vacuum tube. Such a vacuum tube 
and associated tank circuit is generally disclosed 
in my application Serial No. 296,045, filed Sep 
tember 22, 1939, now United States Patent No. 
2350.907, granted June 6, 1944, to which reference 
is herein made. It should be understood, how 
ever, that this type of tube and tank circuit is 
merely given by way of illustration since the prin 
ciples of the invention are equally applicable to 
any other beam type tube which can be used for 
my purposes. It should also be understood that 
other types of tank circuits can be used, as for 
example a concentric line tank. 
In accordance with one embodiment of the in 

wention relating to an oscillator circuit, in order 
to obtain regeneraticn there is provided a feed 
back circuit between the output and the input, 
and means are provided for varying the potential 
on the accelerating electrodes of the tubes in or 
der to affect the transit time of the electron 
stream. Thus, by varying the accelerator elec 
trode potential, I am able to vary the velocity of 
the electrons in the electron stream through the 
tube and thus vary the phase relation between the 
Output and input currents. Consequently, as the 

vention-and-others are achieved by employing 55 relative phase of the currents fed back from the 
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output circuit to the input circuit is changed, the 
Operating frequency is changed to a value which 
Will bring the regenerative voltage in phase with 
the tank voltage. The sensitiveness of the oscil 
lator frequency to accelerator potential change 
may be increased by lengthening the distance 
from the control electrode to the output gap of 
the tank circuit or by employing lower potentials 
and lower electron velocities. Further, this sensi 
tiveness may also be increased by employing less 
Selective oscillator circuits. 
The vacuum tube of the present invention, 

When employed as an oscillator, finds a wide 
field of use in Wide band frequency nodulation. 
When used for this purpose, the frequency 
change of the oscillator may be made to be sub 
stantially proportional to the potential change 
for a Small range with a Small change in ampli 
tude of the output from the oscillator. For a, 
wider frequency range, suitable compensating 
circuits may be employed to make the frequency 
change substantially proportional to the poten 
tial change, also with a small change in ampli 
tude over this range. Of course, where an ac 
ceSSOry amplitude limiter is emoloyed with the 
Oscillator of the present invention, this limiter 
will replace the amplitude compensator circuits 
and obviously the amplitude of output of the 
System will be constant over any desired range 
of frequencies. 
A brief discussion of the principles underlying 

the Oscillator embodiment of the invention foll 
lows: It is known that in an electron oscillator 
Where. Oscillations are the result of an amplifier 
feeding back Sufficient energy to the control ele 
ment to exceed the losses, the energy fed back 
from the output to the input or control element 
must be in correct phase to maintain oscillations. 
In an electron device of the beam type With 
which the present invention is primarily con 
cerned the transit time of the electrons is ap 
preciable, and the following factors enter into a 
determination of the frequency of oscillation. 
(a) The constants of the tuned output circuit 

involving L, C and P which respectively 
refer to the inductance, the capacitance 
and the power factor reciprocal of Q. 

(b) The transit time of electrons. 
(c) The constants of the tuned input and feed 

back circuit, here again involving L, C 
and P. 

The frequency of the oscillator can be varied by 
varying either one or more of the factors (a), 
(b) or (c). The varying of the L, C or P. for 
modulation purposes over the frequency range 
of Zero into negacycles in Order to achieve One 
of the results of the present invention has been 
found in practice to be difficult. Varying the 
transit time in accordance with the invention 
achieves the desired result in a much simpler 
and more efficient nanner. Since this transit 
time is determined by the length of the electron 
path and the voltage accelerating the electrons, 
it is proposed, in accordance with the invention, 
to vary the electron velocity and thus change the 
transit time by varying the accelerating Voltage 
in accordance with any desired type of signal 
modulation. By increasing the accelerator Volt 
age by a given amount, the transit time is de 
creased according to the law that the electron 
Velocity is proportional to the Square root of the 
voltage applied to the accelerator electrode. In 
Order to obtain a maximum change in frequency 
for a given change in modulation voltage, it is 
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4. 
desired, in accordance with the invention, to have 
a minimum resultant change in phase in the 
input and feed back tuned circuits for a given 
change in frequency, and for this reason the Q 
of the input and feed back circuits (reciprocal 
of power factor) is made as low as practical and 
the Q of the output resonator (tank circuit) is 
reduced to a value which will give the desired 
frequency change. 
Another embodiment of the invention com 

prises a phase modulator which differs from the 
frequency modulator described above in that 
the feed back circuit is absent and a source of 
constant frequency oscillations is Supplied to the 
control element. 
Another embodiment of the invention com 

prises an amplitude modulator in the form of a 
regenerative repeater. This modulator employs 
the feed back feature present in the frequency 
modulator embodiment of the present invention 
and requires the application of a source of con 
Stant frequency OScillations to the control ele 
ment. 
A more detailed description of the invention 

follows, accompanied by a drawing wherein: 
Fig. 1 illustrates a variable frequency Oscilla 

tor or fired uency modulator in accordance with 
one embodiment of the invention; 

Fig. 2 illustrates a phase modulator in accord 
ance with another embodiment of the invention 

Fig. 3 illustrates an amplitude modulator in 
accordance With a still further embodiment of 
the invention; and 

Fig. 4 illustrates another embodiment of the 
invention in the form of a Wariable frequency 
OScillator or frequency modulator. 

Referring to Fig. 1 in more detail, there is 
shown an electron discharge device Oscillator 
circuit comprising a vacuum tube structure 
(generally of the so-called inductive output type) 
consisting of an evacuated glass envelope con 
taining within it a cathode 2, a heater 3, a grid 
A, ring-like accelerator electrodes 5, 5 and collec 
tor electrode 6 and a suppressor 7. The heater 3 
is Supplied with energy from a suitable alternat 
ing current source, as shown, through choke coils 
8. Connected to the Cathode 2 and grid 4 is the 
input tuning circuit 9, which includes a variable 
condenser . The collector electrode 6 for gath 
ering the electrons traversing the length of the 
glass envelope is shown to be cup-shaped in 
form, although, if desired, it may be hemispher 
ical, conical or of other Suitable shape. Cen 
trally located within the interior of the collector 
6 there is provided a rod-like Suppressor elec 
trode for gathering secondary electrons which 
may emanate from 6. The Suppressor electrode 7 
may take any Suitable form according to the 
design of the collector electrode 6. Accelerator 
electrodes 5, 5 are narrow in Width, and are con 
nected together and connected to a Suitable 
source of modulating voltage 30. Condenser 3 
is a by-pass condenser to ground. Source of 
modulating voltage 3) may comprise speech 
waves, any suitable variable frequency, a space 
wave keying System, or an on-off keying System. 
Surrounding the exterior of the glass envelope 
and located intermediate the two accelerator 

O 

5 

electrodes 5,5 there is provided the tank circuit 
2 (i.e., a tuned circuit) in the form of a surface 

of revolution whose central plane is perpendic 
ular to the electron beam emanating from cath 
Ode 2. This tank circuit is Sometimes referred to 
as a cavity resonator, and, it should be noted, is 
Symmetrically arranged around the glass enve 
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lope... In order to obtain a desired high imped 
ance acroSS the gap a, b of the tank circuit for 
matching; the impedance...of the vacuum tube 
Structure, the configuration of tank circuit 2, as 
shown by a cross-section of the surface of revo 
lution through the axis of revolution in the plane 
of the drawing, should approximate two equal 
Sectors. With their. Vertices toward the glass-en 
veloped. The dimensions of the tank or resonant 
cavity, circuit 2, as measured from the center of 
the glass, envelope f toward the arc. of the Sec 
tor, as indicated in the drawing, is approximately 
One-quarter of the length of the Communication 
Wave, corresponding...to the resonant, frequency, 
provided that the gap a, b is not. Supplied with 
capacitor, discs to change the frequency...to a-Value 
less than the natural frequency of the resonator. 
The tank circuit 2 is preferably made of a highly 
electrical conducting material, such as copper. 
:For focusing the electron beam there are pro 

-vided a pair of magaetic, lenses in series relation 
constituted by gaps c, d and e, f formed by Spaced 
iron sleeves. 4, 5- and 6 which surround the 
glass envelope if and are serially arranged with 
respect to an iron magnetic path. This mag 
-netic path includes a strip of iron; ... which is 
placed adjacent to the sides of the upper-sector 
of the tank, 2 and which is completed through 
an iron core f8, in turn surrounded by an elec 
tromagnetic field coil or... solenoid 49 excited by 
a direct current source of supply. 20. 

, In order to sustain oscillations; the output cou 
pling coils 2 is here shown-coupled back to the 
tunedinput circuit 9 through a feedback transmis 
sion line:23, which line is adjustable in electrical 
length by means of trombone sliders 24, 24. A 
Lecher wire system 25 is connected to the output 
coupling coil. 2 and one end of the transmission 
line, 23 is slidably, connected to this Lecher. Wire 
system, as shown, While the other erad is induc 
tively, coupled to the input circuit 9. A slider 26 
bridged across the conductors of the Lecher Wire 
system, 25 functions to tune the output, circuit. 
The operation of the oscillator; Will now be given. 

The grid bias on electrode, 4 is produced by the 
conventional grid leak 3. The accelerator elec 
trodes 5,35, are maintained at a given positive 
bias. The electrons: immediately after passing 
through the apertures of grid 4 will tend to flow 
toward the interior, surface of the first accelera 
tor, electrode 5...due to the positive potential on 
this electrode. In order to prevents the elec 
trons: from impinging on this accelerator elec 
trode there is provided a magnetic lens, c, d which, 
by virtue of the leakage field thereacross, focuses 
the electrons toward the axis of the Vacuum tube. 
As the electrons approach the gap a, b, there is a 
tendency toward dispersion, and it is for this 
reason that the additional magneti 
required to maintain the beami '. 
tube beyond the second accelerator. 5, after which 
the electrons will be gathered up by the collector 
electrode 6 which is at a suitable positive poten 
tial relative to the cathode. ps of electrons 
or pulsesformed by grid. 
feedback. circuit, Se 

axis of the 

trave 
a,b. 
The voltage induced at the gap.a, b of the res 

onator. 2 will in turn induce a current in the 
resonator Which through the Output, coupling loop 
2 causes, a resultant feedback E.M.F. through 
the transmission line 23 and, the input circuit: 9, 
0 to the grid 4. If... this, feedback. is sufficient 

to overcome the losses, oscillations will result." 

due to the ( 
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6 
The frequency of the oscillations will be such as 
to cause the feedback voltage to be of a phase 
that Will augment the energy in the resonator 
f2. The establishment of this correct phase will 
be effected by an automatic adjustment of trans 
it time...and phase relations of resonator, and 
feedback circuits. This frequency of oscilla 
tion, When there is no modulation, will represent 
the mean value of carrier frequency. When there 
is modulation: Voltage applied by source. 30, there 
Will be eithers an increase or a decrease of ac 
Celerator: Voltage, depending upon the modula 
tion. This variation in the modulating voltage 
and consequent variation in the accelerator-volt 
age, which in turn will affect the transit time of 
the electrons in the stream, will change the phase 
of the feedback energy proportionately. This 
change in phases will cause a change in the fre 
quency of oscillations due to the inherent tend 
ency of an oscillator to maintain proper phase re 
lation between feed-back and induced voltage. 

In practiee, the Q of the input circuit 9, 10, as 
Well as the transmission line 23, and the coupling 
loop 2, 25, is made as low as practicable so that 
the-phase-shift therein will be a minimum for a 
given change in frequency, and the Q of the res 
onator. 2 is chosen for the particular deviation 
in frequency required. The dimensions and po 
sition of loop. 2 are adjusted so that the effec 
tive. Q. of the resonator is low enough to accom 
modate the frequency deviation desired. ... As a 
practical matter, each time the feedback or load 
coupling is changed, it may be necessary to ad 
just the tuning of the output circuit. Another 
means for adjusting the effective Q of the reso 
nator is by adjusting the positions of the taps 
online: 25 extending to the utilization circuit. 
Any less-value of Q for the resonator will result 
ins an undesirable and unnecessary decrease in 
efficiency. In practice, it is desired that the Q 
of the resonator be sufficiently low to permit fre 
quency modulation over a desired range of fre 
quencies with relatively, Small changes in ampli 
tude over said range. If desired, the loop 2 may 
be replaced by, any suitable coupling element or 
elements, such as an open dipole, whose dimen 
sions and position also control the effective Q. of 
the resonator. 
In one embodiment, actually tried out in-prac 

tice, the average frequency or carrier. Was 480 
megacycles. and the oscillator was varied over a 
range of plus and minus 2% megacycles about 
this, mean frequency of 480 megacycles. The 
average. voltage applied to the accelerating elec 
trodes was 2500-volts positive, and the voltage ap 
plied to the collector electrode was 1200 volts 
positive. Although these values of voltage were 
employed in a connection with an experimental 
model successfully constructed to demonstrate 
the principles involved, it should be distinctly un 
derstood that these values are merely illustrative 
and that, as electron tubes become commercially 
available and the transit time and relative dis 
tances of the electrodes are changed from those 
encountered during the demonstration, that more 
useful values will result. 
The phase modulator and amplitude modulat 

ing embodiments shown in Figs. 2 and 3 respec 
tively, have been considerably simplified in order 
to show only the essential elements of the tube 
structure necessary for an understanding of the 
principles involved. The electron focusing ele 
ments and the envelope of the vacuum tube have 
not been shown in Figs. 2 and 3-in order to sim 
splify the drawing. Those -elements of these fig 
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ures which are the same or equivalent to the ele 
ments shown in Fig. 1 are represented by the 
same reference numerals. 

In Fig. 2 there is shown a constant source of 
high frequency currents 32 for applying between 
the cathode 2 and grid is a voltage to modulate 
the density of the beam of electrons emanating 
from the cathode. This beam of electrons which 
is modulated by the high frequency wave in 
pressed by source 32 on the grid 4 tranverses the 
gapa, b of the resonator 2 before impinging on 
the positively charged collector electrode 6, and 
excites the resonator f2 by induction in the man 
ner now known in the art. The accelerator elec 
trodes 5, 5 are connected together and coupled 
to a Suitable source of modulating Voltage 30, the 
latter impressing the alternating current voltage 
upon the electrodes 5, 5 for causing either an in 
crease or decrease of the accelerator voltage de 
pending upon the modulation. As in the case of 
Fig. 1 described above, this variation of modul 
lating voltage with the consequent variation in 
the accelerator voltage Will affect the transit time 
of the electrons in the stream and thus change 
the relative phase of the input voltage on grid 4 
With respect to the induced voltage in the res 
Onator. Coupling loop 2 is used to derive an 
Output Current whose phase continuously varies 
in accordance with the modulating voltage. Since 
it is desired to have as little amplitude modula 
tion as possible over the desired range of fre 
quencies, the Q of the resonator 2 should be re 
duced to the lowest practical value. This reduc 

O 
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tion of the Q of the resonator is predicated upon 
not having an amplitude limiter stage following 
this phase modulator. 

Fig. 3 shows an amplitude modulated system 
employing a regenerative feed back circuit 23' 
extending from the output loop 2 back to the 
input circuit 2, 4. Here again there is provided 
the constant source of high frequency waves 32 
for exciting the grid 4. In the operation of this 
circuit the regeneration adjustment is set to pre 
went oscillations within the range of modulation, 
The increase or decrease of the accelerator volt 
age on the electrodes 5. 5 caused by the applica 
tion of modulating voltage from 30 will cause a 
change in the phase between the voltage on grid 
4 and the voltage induced in the resonator 2. 
This phase change in turn causes a correspond 
ing change in the regeneration resulting in a 
Variation in the amplitude of the output voltage. 
In order to have a minimum phase modulation 
coincident with amplitude modulation, a high Q 
is chosen for the resonator 2. This will in turn 
give high efficiency. The Q of the feedback cir 
cuit 23’ may be any value that is convenient. 
In the operation of the circuit of Figs. 1, 2 and 

3, the velocity of the electrons in the stream 
throughout the length of the beam (the useful 
part of the stream) is substantially constant, ex 
cept for such deceleration as is caused by the 
energy taken by the resonator 2. The same po 
tentials on both accelerator electrodes 5, 5 insures 
this desired constant velocity condition. There is 
a minimum electric field in the beam in the space 
between the accelerator electrodes (substantially 
electric field free space), and it can be said, in 
effect, that the electric field of the tank 2 is 
Superimposed on this minimum field in order to 
decelerate the electrons. The particular embodi 
ments of the invention shown herein make no 
use of Velocity modulation, as is commonly 
known in the art, for the purpose of obtaining 
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high frequency feed back by grouping or bunch 
ing the electrons. 
In the design of the electron discharge device 

circuits of Figs. 1, 2 and 3, it may be advisable 
to operate the system with the resonator 2 at 
the same average potential as the accelerator 
electrodes 5, 6. This is done in order to prevent 
any potential gradients affecting the electron 
beam between the two accelerator electrodes 5, 5. 
Where a single ended circuit constituting a co 
axial line is employed for an input or an output 
circuit, it is necessary to prevent the application. 
of the direct current voltage on the resonator to 
the grounded outer conductor, and a condenser 
is used for this purpose. This condenser is made 
to have low impedance to radio frequency cur 
rents in Order to by-pass the same to ground. 
Since the accelerator electrodes are subjected to a 
modulation potential, the resonator in this in 
stance would be isolated from these electrodes by 
a choke and/or resistor effective for the modu 
lation frequencies. 

Fig. 4 shows the principles of the invention ap 
plied to a frequency modulated transmitter. This 
figure is identical with Fig. 1, except for the fol 
lowing features: (1) Fig. 4 employs only one 
accelerator electrode 5, and (2) the cavity resona 
tor 2 is maintained at the same average poten 
tial as the accelerator electrode. The effective 
Q of cavity 2 is adjusted by adjusting the di 
mensions and location of loop 2A, or by adjust 
ment of the load taps on line 25, to be sufficient 
ly low so that frequency modulation is obtained 
OVer a desired range of frequencies With relative 
ly little Change in amplitude over these same fre 
quencies. 

It should be understood that the invention is 
not limited to the precise embodiments shown in 
the drawing and described in the specification, 
Since Various modifications may be made with 
out departing from the spirit and scope of the 
in Vention. As an illustration, the principles of 
the invention are applicable to a regenerative am 
plifier where it is desired to change the degree 
of regeneration at any frequency varying from 
Zero into the range of megacycles. Further, the 
output coupling loop 2 f can be replaced by any 
Suitable coupling arrangement, either capacitive, 
inductive or conductive. Moreover, the result of 
the invention can be obtained by modulating only 
the accelerator adjacent the cathode, as well as 
by modulating both accelerators. It Will thus be 
obvious that it is possible to design the tube in 
which there is only present the accelerator adja 
cent to the cathode. The number of accelerator 
electrodes used in addition to the one adjacent 
to the Cathode depends upon the refinement of 
the tube design. 
The term "angular velocity' used in the ap 

pended claims is deemed to include both fre 
quency modulation and phase modulation phe 
Olea, 
What is claimed is: 
1. In an electron discharge device having a 

pair of electrodes between which an electron 
stream passes, and a single tuned circuit physi 
cally located between said pair of electrodes and 
in energy coupling relation to said stream, the 
method of Operation which includes biasing said 
pair of electrodes positively and to the same de 
gree, and Varying said bias in accordance with 
a continuously variable frequency wave, where 
by the time of transit of the electrons in the 
Space between said electrodes is varied with a 
Consequent continuous change in the relative 
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... phase of the voltage induced in said tuned cir 
scuit. 

. . .2. In an electron beam tube-having a cathode, 
an input-electrode having a Voltage impressed 
thereon, and a single output tank circuit adapted 
to be excited inductively by the passage of a 
stream of electrons emanating from Said Cathode, 
and an electron accelerator electrode, positioned 
between said input electrode and said output tank 

is and maintained at a positive direct current po 
tential relative to said cathode, the method of 

... operation which includes varying the effective 
bias potential on said accelerator electrode in a 
continuous manner in accordance. With a variable 
audio frequency wave to thereby. Vary the time 
of transit of electrons in said stream and the 
phase relation between the input voltage and the 
induced voltage in the tank. 

3. In an electron beam regenerative tube haW 
ing a cathode, a control electrode, a source of 
constant frequency oscillations coupled between 
said control electrode and cathode, an output 
circuit adapted to be excited inductively by the 
passage of a stream of electrons emanating from 
said cathode, and a feedback circuit between 
said output circuit and said control electrode, 
the method of operation which includes Varying 
the phase relation between the voltage induced 
in said output circuit and the voltage fed back to 
said control electrode by varying the transit time 
of the electrons in said stream. 

4. In an electron discharge device modulation 
system including a source of signal modulations 
and a pair of electrodes between Which an elec 
tron stream passes, a direct connection of sub 
stantially zero impedance for all modulating fre 
quencies coupling said pair of electrodes together, 
a tank circuit having a gap located between Said 
pair of electrodes and across which gap said elec 
tron stream passes, said tank being arranged to 
be inductively excited by the passage of the elec 
trons across said gap, the method of . Operation 
which includes varying the density of the elec 
trons in said stream prior to the passage of Said 
electrons past the first of said pair of electrodes, 
and varying in accordance with signal modula 
tions the electron transit time between Said 
pair of electrodes. 

5. In an electron discharge device modulation 
system including a source of signal modulations 
and a pair of electrodes between which an elec 
tron stream passes, a direct connection of Sub 
stantially zero impedance for all nodulating fre 
quencies coupling said pair of electrodes together, 
a tank circuit having a gap located between Said 
pair of electrodes and across which gap said elec 
tron stream passes, said tank being arranged to 
be inductively excited by the passage of elec 
trons across the gap, the method of operation 
which includes modulating the density of the 
electrons in said stream at a Constant high fre 
quency rate prior to the passage of said electrons 
past the first of said pair of electrodes, and 
varying in accordance with signal modulations 
the electron transit time betWeen said pair of 
electrodes. 

6. An electron discharge device circuit includ 
ing means for projecting a stream of electrons, 
a tuned circuit adapted to be excited by the pas 
sage of the electrons in said stream and having 
a gap adjacent the stream of electrons whereby 
said tuned circuit absorbs energy from said 
stream, accelerating electrodes located on both 
sides of said gap and maintained at the same 
positive potential, and means for varying the 
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voltage. on said accelerator-electrodes between 
certain limits, in accordance. With an undulatory 
Wave, whereby, the transit time of the electrons 
in saidstream is caused to change. 

7. An electron discharge. device circuit, includ 
ing a tank circuit in the form of a surface of rev 
olution having a gap, a source of electrons for 
projecting a stream of electrons acroSS Said gap 
for inducing a voltage in said tank circuit, accel 
erating electrodes located on both sides of said 
gap and maintained at a positive potential rela 
stive to said source, and to the same degree, and 
- means for varying the voltage on said accelerator 

... electrodes between certain limits in accordance 
With variable electrical waves, whereby the 
transit time of the electrons in said stream is 
caused to change. 

8. An electron discharge device circuit includ 
...ing a tank circuit in the form of a surface of rev 
olution having a gap in the center thereof, a 

across sad gap at right angles to the central plane 
of, said surface for exciting said, tank circuit, 
focussing means for said electrons, accelerator 
electrodes on both sides of said gap, a source of 
unidirectional potential for maintaining said 
accelerator, electrodes at a positive potential-rel 
ative to said cathode and to the same degree, a 
source of alternating current having a range of 
modulating, frequencies and connected to said 
accelerator... electrodes, whereby the potential on 
said accelerator. electrodes is varied in accordance 

c., with the modulation with a consequent change in 
...the transit time of the electrons in Said Stream. 

9. An electron discharge device having a cath 
ode, and a pair of spaced positively biased elec 
trodes, said positively biased electrodes being sep 
arated-solely by etheric space and maintained at 
the same positive potential, a tank circuit having 
an aperture, located between said electrodes, and 
adapted to be excited by the passage of electrons 
through said aperture, a connection between Said 
positively biased electrodes, means for directing 

... electrons from said cathode past, said positively 
biased electrodes in succession with a velocity 
which is substantially constant throughout the 
distance between said positively biased electrodes, 
and a connection from Said positively, biased elec 
trodes to a SOurce of Variable, Wave...modulating 
voltage, whereby the transit time of the elec 
trons varies in accordance. With variation of said 
modulating. Voltage. 

10. An electron discharge device circuit includ 
ing a tank circuit in the form of a surface of rev 
olution a having a gap, a Source. Of... electrons for 
projecting a stream of electrons across said gap 
for inducing a voltage in said tank circuit, accel 
pating electrodes located on both sides of said gap 
and maintained at the same positive potential, a 
control element located between said source of 
electrons and the first of said accelerator, elec 
trodes, a constant. Source of high frequency oscil 
lations connected between said control, element 
and said source of electrons, and means for vary 
sing the voltage on said accelerator electrodes in 
accordance with signal modulation whereby the 
transit-time of the electrons in said stream is 
Caused to change. 

11. An electron discharge device-circuit includ 
ing a tank circuit in the form of a surface of rev 
olution having a gap, a source of electrons for 
projecting a stream of electrons across said, gap 
for inducing a voltage in said tank circuit, accel 
erating electrodes located on both sides of said 
gap and maintained at the same positive poten 
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tial, a control element located between said 
source of electrons and the first of Said acceler 
ator electrodes, a constant source of high fre 
quency oscillations connected between Said con 
trol element and said source of electrons, a feed 
back circuit extending from Said tank circuit to 
said control element, and means for varying the 
voltage on the accelerating electrodes in accord 
ance with signal modulations, whereby the trans 
it time of the electrons in said stream is 
caused to change. 

12. An electron discharge device circuit includ 
ing a tank circuit in the form of a surface of rev 
olution having a gap, a source of electrons for 
projecting a stream of electrons acroSS Said gap 
for inducing a voltage in said tank circuit, accel 
erating electrodes located on both sides of Said 
gap and maintained at the same positive poten 
tial, a control element located between Said 
source of electrons and the first of said acceler 
ator electrodes, a feed back circuit extending 
from said tank circuit to said control element, 
and means for varying the voltage on said accel 
erator electrodes in accordance with signal mod 
ulation, whereby the transit time of the electrons 
in said stream is caused to change. 

13. An electron discharge device circuit in 
cluding means for projecting a stream of elec 
trons, a tuned circuit adapted to be excited by 
the passage of the electrons in Said stream and 
having an element adjacent the stream of elec 
trons, whereby said tuned circuit absorbs energy 
from said stream, accelerating electrodes located 
on both sides of said element and maintained at 
the same positive potential, a control electrode 
located between said means and the first of Said 
accelerator electrodes, a feed back circuit extend 
ing from said tuned circuit to said control elec 
trode, and a modulating source of variable fre 
quency waves connected to said accelerating elec 
trodes for varying the accelerator voltage in de 
pendence upon the modulation, with a consequent 
variation in the transit time of the electrons. 

14. A modulator system for use at very high 
frequencies comprising an electron discharge de 
vice circuit including means for projecting a 
stream of electrons, a tuned circuit adapted to be 
excited by the passage of the electrons in Said 
stream and having an element adjacent the 
stream of electrons whereby said tuned circuit ab 
sorbs energy from said stream, accelerating elec 
trodes located on both sides of said element and 
maintained at the same positive potential, a con 
trol electrode located between Said means and the 
first of said accelerator electrodes, a feed back 
circuit extending from said tuned circuit to Said 
control electrode, and a modulating SOurce of 
variable frequency waves connected to said accel 
erating electrodes for varying the accelerator 
voltage in dependence upon the modulation fre 
quency. 

15. Apparatus in accordance with claim 14, 
characterized in this that said System is a fre 
quency modulation System. 

16. An amplitude modulation system in accord 
ance with claim 14, characterized in this that a 
constant source of high frequency Oscillations is 
connected between said control, electrode and 
said means for projecting a stream of electrons. 

17. A phase modulator comprising an electron 
discharge device circuit including means for pro 
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circuit absorbs energy from said stream, accel 
erating electrodes located on opposite sides of said 
element and maintained at the same positive 
potential, a control electrode located between 
Said means and the first of said accelerator elec 
trodes, a constant frequency source connected to 
said control electrode, and a source of modulat 
ing voltage coupled to said accelerating elec 
trodes. - 

18. In an electron discharge device having a 
Cathode, an input control electrode, and an out 
put tank circuit adapted to be excited inductively 
by the passage of a stream of electrons emanat 
ing from said cathode, the method of Operation 
Which includes producing constant high fre 
quency oscillations, impressing said constant fre 
quency oscillations between said control electrode 
and said cathode, and subjecting the electrons 
between said control electrode and said tank to 
a varying electric field in accordance With signal 
nodulations. 

19. In an electron discharge device having a 
cathode, an input control electrode, and an out 
put tank circuit adapted to be excited inductively 
by the passage of a stream of electrons emanat 
ing from said cathode, the method of operation 
which includes impressing constant frequency 
Oscillations between said control electrode and 
said Cathode, also feeding back energy from said 
tank circuit to said control electrode, and sub 
jecting the electrons between said control elec 
trode and said tank to a varying electric field in 
accordance with signal modulations. 

20. An electron discharge device circuit includ 
ing means for projecting a modulated stream of 
electrons, a tuned circuit adapted to be excited 
by the passage of Said modulated stream and 
having an aperture adjacent the stream of elec 
trons whereby said tuned circuit absorbs energy 
from said stream, an accelerating electrode lo 
cated between said aperture and said means, 
means for maintaining Said, accelerating elec 
trode at a positive potential, and means for vary 
ing the potential on said accelerator electrode in 
accordance with variable frequency signal modu 
lations, whereby the transit time of the electrons 
in said stream is caused to change. 

21. An electron discharge device circuit in 
cluding a cathode for supplying a stream of elec 
trons, a cavity resonator having a gap therein 
located in the path of travel of said electrons, 
whereby said stream of electrons and said res 
Orator are in energy coupling relation, first and 
Second electron permeable electrodes located be 
tween said gap and said cathode, a source of al 
ternating current coupled to said first electrode, 
a source of unidirectional potential for main 
taining said second electrode at a positive poten 
tial relative to said cathode, and means for vary 
ing the potential on said second electrode in ac 
cordance with signal modulations, whereby the 
transit time of the electrons in said, stream is 
caused to change. - 

22. An electron discharge device circuit in 
cluding a cathode for supplying a stream of elec 
trons, a cavity resonator surrounding a portion 
of the path of travel of said stream, said resona 
tor having apertures in both sides thereof to 
enable Said electrons to paSS through said res 
onator, whereby said stream of electrons and 
Said resonator are in coupling relation to each 
other, first and second electron permeable elec 
trodes located between said cathode and the first 
of the apertures of said resonator to be trav 
ersed by said electrons, a Source of alternating 
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current coupled to said first electrode, a Source 
of unidirectional potential for maintaining Said 
second electrode at a positive potential relative 
to said cathode, and means for varying the poten 
tial on said second electrode in accordance with 
signal modulations, whereby the transit time of 
the electrons in said stream is caused to change. 

23. An electron discharge device circuit includ 
ing a cathode for supplying a stream of electrons, 
a cavity resonator surrounding a portion of the 
path of travel of said stream, said cavity resona 
tor being in the form of a surface of revolution 
With the central plane thereof substantially at 
right angles to the path of travel of said stream, 
said resonator having apertures in both sides 
thereof to enable said electrons to paSS through 
said resonator, whereby said stream of electrons 
and said resonator are in coupling relation to 
each other, first and second electron permeable 
electrodes located between said cathode and the 
first of the apertures of said resonator to be 
traversed by said electrons, means for impressing 
an alternating potential on said first electrode, a 
source of unidirectional potential for maintain 
ing said second electrode at a positive potential 
relative to said cathode, and means for varying 
the potential on said second electrode in accord 
ance with signal modulations, whereby the transit 
time of the electrons in said stream is caused 
to change. 

24. In an electron beam tube having a cathode, 
an input electrode having a voltage impressed 
thereon, and a tuned circuit in inductive coupling 
relation to the stream of electrons emanating 
from said cathode, and an accelerator electrode 
positioned between said input circuit and said 
tuned circuit and maintained at a positive di 
rect current potential, the method of Operation 
Which includes varying the effective potential On 
said accelerator electrode in accordance With an 
audio frequency wave to thereby vary the time 
of transit of the electrons in said Stream and 
the phase relation between the input Voltage and 
the induced voltage in the tuned circuit. 

25. In an evacuated electron discharge device 
circuit, means for supplying a stream of elec 
trons, a cavity resonator surrounding a portion 
of the path of travel of said stream, Said cavity 
resonator being in the form of a surface of revo 
lution with the central plane thereof Substan 
tially at right angles to the path of travel of Said 
stream, said resonator having apertures in both 
sides thereof to enable said electrons to pass 
through said resonator, whereby said stream of 
electrons and said resonator are in coupling re 
lation to each other, an accelerating electrode 
located between said means and the first of the 
apertures of said resonator to be traversed by 
said electrons, means for maintaining said elec 
trode at a positive potential relative to said elec 
tron Supplying means, a Source of Speech Waves 
coupled to said electrode for Varying the poten 
tial on said electrode, whereby the transit time 
of the electrons in said stream is caused to 
change, a control grid located between said a,c- 
celerating electrode and said first means, and a 
Source of high frequency current coupled to said 
control grid. 

26. In an electron discharge device Oscillator 
System having a pair of electrodes between which 
an electron stream passes and a single tuned 
circuit physically located between said pair of 
electrodes and in energy coupling relation to said 
Stream, the method of producing a high fre 
quency carrier of a frequency determined over a 
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certain band by the amplitude of a controlling 
voltage which includes 'biasing said pair of elec 
trodes positively, and varying the relative phase 
of the voltage induced in said tuned circuit by 
simultaneously varying between certain limits 
and in continuous manner the bias on said pair 
of electrodes in accordance with variable fre 
quency, signal modulations. 

27. In an electron discharge device OScillator 
system having a pair of electrodes between which 
an electron stream passes and a tuned circuit 
located. between said pair of electrodes and in 
energy coupling relation to said stream, the 
method of producing a high frequency carrier of 
a frequency determined over a certain band by 
the amplitude of a controlling voltage which in 
cludes biasing said pair of electrodes positively, 
and varying the relative phase of the Voltage in 
duced in said tuned circuit by simultaneously 
varying between certain limits and in continuous 
manner the bias on said pair of electrodes in ac 
cordance with variable frequency signal modula-- 
tions and to the same degree. 

28. A phase nodulator comprising an electron 
discharge device circuit including means for 
projecting a stream of electrons; a tuned circuit 
adapted to be excited by the passage of the elec 
trons in Said Stream and having an element ad 
jacent the stream of electrons whereby said 
tuned circuit absorbs energy from said stream, 
accelerating electrodes located on both sides of 
said element and maintained at the same posi 
tive potential, a control electrode located between 
said means and the first of Said accelerator elec 
trodes, a constant frequency Source connected 
to said control electrode, and a source of variable 
frequency modulating voltage coupled to said 
accelerating electrodes. 

29. An electron discharge device System for 
operation over a range of frequencies comprising 
means for projecting a stream of electrons, a 
cavity resonator of relatively low Q having a gap 
and adapted to be excited by the passage of elec 
trons in Said stream across said gap, an electron 
accelerator electrode positioned between said 
means and Said resonator, a Source of unidirec 
tional potential for maintaining said accelera 
tOr electrode at a potential which is positive rela 
tive to said means, and means for Varying the 
transit time of said electrons in accordance with 
Signal Voltages, a load coupled to said resonator 
by a coupling element in the interior of said 
resonator, the degree of coupling between said 
resonator and said load being such as to provide 
a desired effective Q of the resonator which per 
mits modulation over said range of frequencies 
with relatively small change in amplitude. 

30. An electron discharge device system for 
Operation Over a range of frequencies compris 
ing an electron emitting cathode, a cavity reso 
nator of relatively low Q having a gap and 
adapted to be excited by the passage across said 
gap of electrons emitted by said cathode, an elec 
tron accelerator electrode positioned between 
Said Cathode and the gap of said resonator, an 
electron Collector electrode on the side of said 
gap remote from said cathode, a source of uni 
directional potential for maintaining said ac 
celerator electrode at a potential which is posi 
tive relative to said means, and means for vary 
ing the transit time of Said electrons in accord 
ance with Signal voltages, a load coupled to said 
resonator by a coupling element in the interior 
of Said resonator, the degree of coupling between 
said resonator and said load being such as to 
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provide a desired effective Q of the resonator 
which permits modulation over said range of 
frequencies with relatively small changes in 
amplitude, the Q of said coupling element being 
made relatively low so that the phase shift there 
in Will be a minimum for a given change in fre 
quency, the Q of Said resonator being only Sufi 
ciently low to accommodate the frequency devi 
ation desired. 

31. A frequency modulation generating Sys 
tem comprising an electron discharge device cir 
cuit including an electron emitting cathode, a 
cavity resonator having a gap and adapted to be 
eXcited by the passage of electrons across said 
gap, an electron accelerator electrode positioned 
between said cathode and said gap, means for 
maintaining said accelerator electrode at a posi 
tive potential relative to said Cathode, means for 
Varying the transit time of the electrons in ac 
cordance with signal voltages, whereby fre 
quency modulated Waves are generated, said 
resonator having a Q which is sufficiently low 
to permit frequency modulation over a desired 
frequency range With relatively Small changes in 
amplitude over said range. 

32. An angular velocity System comprising an 
electron discharge device circuit including an 
electron emitting cathode, a cavity resonator 
having a gap and adapted to be excited by the 
paSSage across said gap of electrons emitted by 
Said Cathode, an electron accelerator electrode 
positioned between said cathode and gap, means 
for maintaining both said resonator and said 
accelerator at the same average potential rela 
tive to Said cathode, means for varying the tran 
Sit time of the electrons in accordance with sig 
nal Voltages, whereby angular velocity modul 
lated Waves are generated, said resonator having - 
a Q which is sufficiently low to permit angular 
Velocity nodulation. Over a desired range With 
relatively Small changes in amplitude over said 
alge. 
33. An electron discharge device system com 

prising means for projecting a stream of elec 
trons, a Cavity resonator having a gap and adapt 
ed to be excited by the passage of electrons in said 
Stream a CrOSS Said gap, an electron, accelerator 
electrode positioned between said means and said 
resonator, means for maintaining said accelerator 
electrode at a positive potential, means for vary 
ing the transit time of Said electrons in accord 
ance with signal voltages, a load coupled to said 
resOrator by means of a coupling element in the 
interior of said resonator, the dimensions and po 
sition of said coupling element being such as to 
give a desired effective Q for said resonator, and 
means fol' varying the Q of said resonator. 

34. A frequency modulation generating system 
conprising an electron discharge device circuit 
including an electron emitting cathode, a cavity 
resonator having a gap and adapted to be excited 
by the passage of electrons across said gap, an 
electron accelerator electrode positioned between 
Said Cathode and said gap, an electron permeable 
electrode positioned between said cathode and 
said accelerator electrode, means for maintain 
ing said accelerator electrode at a positive poten 
tial relative to said cathode, means for varying 
the transit time of the electrons in accordance 
with signal voltages, whereby frequency modu 
lated waves are generated, said resonator having 
a Q which is sufficiently low to permit frequency 
modulation over a desired frequency range with 
relatively Small changes in amplitude over said 
range, and a feed back circuit of relatively low 
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Q from Said cavity resonator to said electron per 
neable electrode. 

35. iiigh frequency apparatus comprising a 
cavity resonator having a gap, an electron dis 
charge System for producing a flow of electrons 
acroSS Said gap, Said discharge system compris 
ing cathode, a single control grid, accelerating 
and anode electrodes arranged in the order 
named, a circuit connected between said control 
grid and cathode for varying the electron flow 
from Said cathode and across said gap in a man 
ner So aS to cause high frequency excitation of 
Said cavity, a Source of signal modulating volt 
ages connected to Said accelerating electrode and 
Said cathode, So as to subject said accelerating 
electrode to a modulating potential with respect 
to Said Cathode, and an output circuit coupled to 
the Space in Said cavity resonator to enable the 
derivation therefrom of modulated high frequen 
cy OScillations. 

36. Apparatus as defined in claim 35, charac 
terized by the fact that a coupling circuit is pro 
vided coupling the Space in said cavity to the 
Control grid and the Cathode electrodes of said 
System. 

37. Apparatus for producing frequency modul 
lated Waves comprising a cavity resonator having 
a gap, an electron discharge system for produc 
ing a flow of electrons across said gap, said sys 
tem comprising cathode, a single control grid, 
accelerating and anode electrodes arranged in 
the order named, a circuit coupling said cavity 
resonator to the control grid and cathode of said: 
System, a circuit for Suitably polarizing said an 
Ode With respect to said cathode, a circuit, con 
nected to said accelerating electrode and cathode 
for Subjecting said accelerating electrode to a 
variable voltage with respect to said cathode so 
aS to produce frequency modulated waves in said 
cavity resonator, and an output circuit coupled 
to Said cavity resonator. 

38. High frequency apparatus comprising a 
cavity resonator having a gap, an electron dis 
charge System for producing a flow of electrons 
acroSS Said gap, said discharge system compris 
ing cathode, a single control grid, accelerating 
and anode electrodes arranged in the order 
named, circuits for Subjecting said electrodes to 
Suitable operating potentials with respect to each 
other, a circuit connected between said control 
grid and cathode for varying the electron flow 
from Said cathode and across said gap in a man 
ner so as to cause high frequency excitation of 
Said cavity, a Source of modulating voltages con 
nected to said cathode and accelerating elec 
trode, and an output circuit coupled to the space 
in Said cavity resonator to enable the derivation 
therefron. Of modulated high frequency oscilla 
tions. 

39. Apparatus as defined in claim 38, charac 
terized by the fact that a coupling circuit is pro 
vided coupling the space in said cavity to the 
control grid and the cathode electrodes of said 
System. 

40. Apparatus for producing frequency modu 
lated waves comprising a cavity resonator hay 
ing a gap, an electron discharge system for pro 
ducing a flow of electrons across said gap, said 
System comprising cathode, a single control grid, 
accelerating and anode electrodes arranged in 
the Order nanhed, a two-conductor circuit cou 
pling the space within said cavity to the con 
trol grid and cathode of Said system, a circuit 
for suitably polarizing said anode with respect to 
Said Cathode, a circuit connected to Said accel 
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erating electrode and cathode for subjecting said 
accelerating electrode to a variable voltage with 
respect to said Cathode so as to produce fre 
quency modulated waves in said cavity resona 
tor, and an Output circuit coupled to said cavity 
reSOnator. 

41. Apparatus as defined in claim 40, charac 
terized by the fact that a high frequency par 
allel tuned circuit is connected between said grid 
and cathode and being further characterized by 
the fact that said two-conductor circuit is induc 
tively coupled to said tuned circuit. 

42. High frequency apparatus comprising a 
cavity resonator having a gap, an electron dis 
charge System for producing a flow of electrons 
across Said gap whereby said cavity resonator is 
excited at high frequencies, said discharge Sys 
tem comprising cathode, a single control grid, 
accelerating and anode electrodes arranged in the 
order named, a circuit connected between said 
control grid and cathode, a transmission line re 
generatively coupling Said circuit to said reso 
nator, a source of signal modulating voltages, a 
circuit connecting said source of modulating volt 
ages to said cathodes and another of Said elec 
trodes, whereby the transit time of electrons 
across said gap is varied, and an output circuit 
coupled to the Space in said cavity resonator to 
enable the derivation therefrom of modulated 
high frequency oscillations. 

43. Apparatus for producing frequency modul 
lated Waves comprising a cavity resonator having 
a gap, an electron discharge system for producing 
a flow of electrons across said gap, Said System 
comprising cathode, a single control grid, accel 
erating and anode electrodes arranged in the 
order named, a circuit regeneratively coupling 
said cavity resonator to the control grid and 
cathode of said System, a circuit for suitably 
polarizing said anode with respect to said cath 
Ode, and a modulation circuit connected to said 
Cathode and another electrode of Said System for 
varying the transit time of electrons acroSS Said 
gap, whereby frequency modulation of the waves 
set up in said cavity resonator occurs, and an 
output circuit coupled to said cavity resonator 
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for transmitting said frequency modulated waves. 

44. Apparatus as defined in claim 43, charac 
terized by the fact that a high frequency tuned 
circuit is connected between said grid and cath 
Ode and being further characterized by the fact 
that Said coupling circuit couples said tuned cir 
cuit to the space within said cavity. 

45. Apparatus for producing modulated Waves 
comprising a cavity resonator having a gap, an 
electron discharge system for producing a flow of 
electrons across said gap, said System comprising 
cathode, a single control grid, accelerating and 
anode electrodes arranged in the Order named, 
a source of high frequency Oscillations connected 
to said grid and cathode electrodes, a circuit cou 
pling the space within Said cavity to the control 
grid and cathode of said system, a circuit for suit 
ably polarizing said anode with respect to said 
cathode, a circuit connected to said accelerating 
electrode and cathode for subjecting said acceler 
atting electrode to a variable voltage With respect 
to said cathode so as to produce modulated waves 
in said cavity resonator and an output circuit 
coupled to said cavity resonator. 

46. Apparatus as defined in claim 45, charac 
terized by the fact that a high frequency tuned 
circuit is connected between said grid and cath 
ode and being further characterized by the fact 
that said circuit which couples the space within 
said cavity to the control grid and cathode in 
cludes a transmission line which is coupled to 
said tuned circuit. 
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