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This invention comprises improvements in ul 
tra-short-wave discharge devices of the general 
type described and claimed in my application 
Serial No. 153,602 filed July 14, 1937. It relates. 
particularly to amplification devices which are 
to be used at Wave lengths on the order of from 
5 meters to 5 centimeters or less, 
As pointed out in the aforesaid application, an 

electron stream may be modulated either as to 
"electron velocity' or as to “charge density.' 
The first type of modulation involves the produc 
tion of systematic irregularities in electron ve 
locity from point to point along the beam. The 
Second involves the production of charge density 
variations, such variations being manifested as 
Systematic irregularities in the electron grouping. 
In the conventional design of electronic dis 

charge devices no distinction is made between 
these two types of modulation. In connection 
with ultra short wave devices, however, it is ad 
vantageous to utilize modulating electrodes which 
are capable of producing velocity modulation 
without simultaneously 
charge density variations. For reasons which 
need not be elaborated here this expedient avoids 
the large input losses which are observed with 
conventional prior art devices when they are 
operated'at extremely high frequencies. Velocity 
modulation produced as above specified may be 
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subsequently converted into charge density mod 
ulation of a higher order of magnitude, thus 
producing amplification effects. - 
The foregoing matters are explained in my 

prior application S. N. 153,602, wherein the de 
tails of construction of a single stage amplifier 
are fully set forth. It is one object of my pres 
ent invention to provide means whereby the ve 
locity modulation principle may be used to effect 
multi-stage amplification or other cumulative 
effects in a single tube having a single electron 
stream. An important feature of the invention 
with reference to the attainment of the foregoing 
and other objects consists, in the Combination 
which includes means for producing preliminary 
velocity modulation of the electron stream, a res 
onant system adapted to be excited by the modu 
lated stream, and means associated with the reso 
nant system for causing the same to react on 
the stream in such fasnion as to produce addi 
tional and augmented velocity modulation there 
of. 
The features of novelty which I desire to pro 

tect herein are pointed out with particularity . 
in the appended claims. The invention itself, 
together with further objects and advantages 

causing appreciable 

(C. 179-171) 
thereof may best be understood by reference to 
the following description taken in connection 
with the drawing in which Fig. 1 illustrates in 
longitudinal section a complete electronic dis 
charge device suitably embodying my invention; 
Figs. 2 and 3 comprise theoretical representa 
tions useful in explaining the invention, and Fig. 
4 shows an alternative application thereof. 

Referring particularly to Fig. 1. I have shown 
an electron beam tube which comprises an evac-10 
uated envelope having an elongated shaft por 
tion 0, and an enlarged anode-containing por 
tion . This envelope may be suitably consti 
tuted of glass, quartz or any equivalent insulat 
ing material. 
The shaft portion to encloses means for pro 

ducing an electron beam, such as a known type 
of electron gun. The combination shown com 
prises an indirectly heated cathode 4 which is 
indicated in 'dotted outline and a focusing cyl 
inder 5 for confining the electrons to a concen 
trated beam. This cylinder may be either con 
nected directly to the cathode or maintained at 
a few volts negative with respect to it. In order 
to accelerate the electrons to a desired extent, 
there is provided an accelerating electrode 6 
which is spaced from the cathode and which may 
be biased to a suitable positive potential, say 
several hundred volts. 

In order that the intermediate portion of the 
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beam path may be maintained at a desired po 
tential level there are provided a number of 
intermediate electrodes 2 which suitably com 
prise rings of conducting material applied to the 
inner wall surface of the envelope. They are 
provided with lead-in connections 22 and with 
external contact-making terminals 23. A num 
ber of magnetic focusing coils 25 distributed 
along the envelope serve to prevent dispersion of 
the electrons and to maintain the beam in focus 
during its passage through the discharge space. 
In Some cases these coils may be advantageously 
replaced by electrostatic beam focusing means. 

After traversing the envelope, the electron 
beam is collected by an anode 8 which consists 
of graphite or other suitable material. A tubu 
lar electrode. 9 in the nature of a suppressor 
grid serves to prevent secondary electrons emitted 
from the anode returning to the discharge space. 

In the operation of the device the intermedi 
ate electrodes 2 may be maintained at ground 
potential, the cathode 4 at One thousand to 
several thousand volts below ground, and the 
anode 8 at one thousand to several thousand 
volts above the cathode. The suppressor grid 
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2 
9 should be biased fifty to several hundred volts 
negative with respect to the anode 8. These 
potential relationships may be established, for 
example, by means of a suitable source of poten 

5 tial, which is conventionally represented as a 
battery. 27 connected as shown. 
The combination of elements so far described 

comprises meanis for producing a unidirectional 
electron beam of substantially constant average 
intensity and velocity. As pointed out in my 
application, Serial No. 153,602, an electron beam 
of this type may be velocity modulated by ap 

10. 

plying to the beam longitudinal potential gra 
dients which vary cyclically at a desired fre 

5 quency. In order that such modulation may 
be accomplished without the simultaneous pro 
duction of substantial charge density variations 
it is desirable that it occur in a modulating space 
which is adequately shielded from the cathode. 
In this way the variations of the modulating po 
tential are prevented from reacting directly On 
the cathode emission. Although numerous suit 
able velocity modulating structures are shown 
in the aforementioned application, only one is 
illustrated in the present case. w 
This comprises a chamber 30 formed by a 

conducting structure which is outside the dis 
charge envelope. It is provided with transverse 
ly extending wall portions 3 and 3' which ex 
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envelope and which serve to fix the potential 
level of the boundaries of the modulating space. 
Within this space there is provided a modulat 
ing electrode comprising a conducting tube 33 
which surrounds the beam path so as to be cou 
pled thereto. By alternately raising and lower 
ing the potential of this electrode with respect 
to the boundaries of the modulating space, var 
iable potential gradients are produced which act 

40 longitudinally on the electron beam as it tra 
verses the approach spaces between the Wall 

35 

members 3 and 3' and the extremities of the 
electrode 33. As is explained in my prior ap 
plication, the modulating effect thus produced 

45 will be most pronounced if the length of the 
tubular electrode 33 is so correlated to the ve 
locity of the beam that the electron transit time 
therethrough corresponds at least approximately 
to a half-cycle of the control potential (or to an 

50 odd number of such half-cycles). If this con 
dition is fulfilled, an electron which enters the 
modulating space when the potential of the con 
trol electrode 33 is a maximum, is accelerated 
first by the gradient existing between the wall 

55 3 and the electrode, and again as it leaves the 
electrode one-half cycle later, when the electrode 
potential is at a minimum with respect to that 
of the boundary wall 3 f’. Similarly an electron 
which enters the modulating space in such time 

60 phase as to be retarded by the effect of the con 
trol electrode, is also retarded as it leaves the 
electrode. As a result of these effects the elec 
tron beam leaving the chamber 30 is made up 
of alternate elements, some of which have a 
velocity above the average of the beam and others 
a velocity below such average. 

Modulating potential may be supplied to the 
control electrode 33 from any desired source 
such, for example as a high frequency oscilla 
tion generator (not shown). As a means for con 
necting this potential to the control electrode 
structure there is provided a concentric trans 
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mission line pomprising an inner conductor 35 
and an outer conductor 36, these being shown 

75 partly broken away. 

with the slower electrons. 
now become grouped so that the beam is charge 

tend relatively close to the outer surface of the 

2,222,901 
If only weak control potentials are available, 

the velocity modulation produced may be rela 
tively slight. However, it may be converted into 
charge density modulation of a higher-order of 
magnitude by means now to be described. The 
mechanism by which such conversion may be 
accomplished will best be understood by a con 
sideration of the following explanation. 

In Fig. 2 the beam is shown as it is assumed 
to issue from the modulating space. It will be O 
seen that at this point it comprises alternate . 
groups of fast and slow electrons, the former 
being indicated by the black dots a, and the lat 
ter by the light dots b. So far, the beam is still 
Substantially uniform as far as charge density 
Or electron grouping is concerned. 
In Fig. 3, the condition of the same beam is 

indicated at a Somewhat later time when the 
more rapidly moving electrons have caught up 

The electrons have 

density modulated in the sense that systematic 
irregularities in charge density occur from point 
to point along the beam. The change that has 
taken place is in its very nature one that re 
quires only the elapse of time and the absence 
of extraneous influences which might tend ad 
versely to affect conditions within the beam. 
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These requirements may be fulfilled by the pro 
vision of an electrostatically shielded drift space 
in which Sorting of the electrons can take place. 
This may comprise, for example, simply a sec 
tion of the discharge envelope which is shielded 
from any but static potentials. 
From the discussion given above it might seem 

that with an appropriate length of drift space 
even the slightest amount of velocity modulation 
can be converted into 100% charge density modu 
lation, Or, in other words, that the maximum 
obtainable charge density modulation is inde 
pendent of the velocity modulation. That this 
is not the case is due primarily to the action of 
Space charge (that is, of the mutual repulsion 
of electrons), in opposing the electron grouping 
which is characteristic of a charge density modu 
lated beam. What actually takes place may best 
be understood by comparing the electron beam 
to an elongated tube of a highly elastic solid 
material such as rubber. 

In this connection, let it be assumed that such 
a tube is being moved longitudinally through 
Space SO as to simulate an electron beam having 
constant average velocity. If a momentary re 
tarding force is applied to one end of the tube. 
and a momentary accelerating force to the other 
end, a process of compression is initiated. Al 
though the average velocity of the tube as a 
whole may not be affected, the forces in ques 
tion start a relative motion of certain elements 
of the tube from its ends towards its center. 
After a certain time this motion ceases as a re 
sult of compression of the intermediate region 
of the tube. 
After the maximum compression is reached, 

the elasticity of the medium produces a restora 
tive motion of the displaced elements toward 
the ends of the tube. Here again compression 
and cessation of such motion occur and the whole 
process is repeated. If the medium in question 
is perfectly elastic, an indefinite number of 
repetitions are possible, periods of maximum 
compression being alternated with periods of 
maximum mobility. 
This is considered to be the sort of thing which 
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happens in an electron beam which has been 
subjected to velocity modulation. With the pas 
Sage of time (that is, with the passage of the 
Velocity modulated beam through space), the ac 

5 tion of the faster electrons in overtaking the 
slower ones produces compressions or localized 
increases in electron density. As soon as maxi 
mum charge density is attained, i. e., as soon as 
the mutually repulsive forces of the electrons 
become sufficient to prevent their further com 
pression, electron dispersion will be initiated. 
This, in turn, will over-shoot, so to speak, thus 

O 

producing further compressions, and so on. The 
variations of compression may be referred to as 
the charge density modulation of the beam, while 
the variations of velocity comprise its velocity 
modulation. 
Taking into consideration the space charge 

factor, it may be shown that the distance (drift 
space) required to be traversed by the beam for 
conversion of the initial velocity modulation into 
the maximum possible charge density modulation 
is independent of the magnitude of the velocity 

25 modulation for small amounts of the latter. It 
is, however, a function of the beam velocity, the 
average charge density of the beam, the modulat 

20 

ing frequency, the diameter of the beam, the di 
ameter of metal and glass parts surrounding the 

30 beam, and of the magnitude of any external 
electrostatic. or magnetic forces acting on the 
beam. An approximate formula which has proven 
useful in determining the proper length of the 
drift space is as follows: 

35 - V. L =9.02x 10 'a is a 
Where - 

LM represents the maximum length of the drift 
O Space in centimeters (measured from center 

to center of the grids at each end of the 
space). 

Wo represents the average velocity of the beam 
in volts. 

as To represents the beam current in milliamperes. 
N represents the wave length of the applied sig 

nal in centimeters (in vacuum). 
d is a constant whose value is determined by 

the dimensions of the envelope and elec 
50 trode parts. For most practical cases it will 

fall between 1.0 and 2.0 and may be assigned 
an average value of 1.3. 

Once the physical length of the drift space has 
been fixed by utilization of this formula, a final 

is optimum adjustment may be obtained by varying 
the beam velocity from the value used in the 
computation. The best adjustment may be de 
termined objectively by continuously varying the 
potential applied between the cathode and the 

60 intermediate electrodes 2 until maximum output 
is obtained from the discharge device as a whole. 
(The significance of this last statement will be 
better understood when the remaining elements 
of the device have been described.) 

Referring again to the particular structure of 
Fig. 1, it is, to be considered that the drift space 
of the illustrated device is co-extensive with the 
tubular conducting section 39 which extends from 
the boundary wall 3. It is further assumed that 
the right-hand extremity of this tubular por. 
tion marks the point of maximum charge density 
modulation of the beam for the intended con 
dition of operation of the discharge device. 

It has already been pointed out that a given 
amount of velocity modulation may produce a 

much larger amount of charge density modula 
tion. Nevertheless, since the initial control volt 
age or signal may be very small, a single stage. )f 
amplification may still yield an insufficient out 
put. In accordance with my present invention, 
further means are provided by which multi-stage 
amplification may be accomplished in an extreme 
ly simple and effective manner. In the embodi 
ment shown in Fig. 1 this means includes a second, 
or "modulation intensifying" chamber 4 having 
transverse wall portions 42 and 42 which define 
the entrance and exit boundaries of the chamber. 
Within this chamber and surrounding the beam 
path there is provided a tubular electrode 44 gen 
erally similar to the electrode 33 which has bee 
previously described. -- 

In accordance with principles set forth in my 
prior application, Serial No. 153,602, the charge 
density modulated beam in traversing the ap 
proach spaces which exist between the extremities 
of the electrode 44 and the boundary walls 42 and 
42' induces a cyclically varying current in the 
electrode 44. The magnitude of this induced cur 
rent is greatest if the length of the electrode 44 
corresponds approximately to the spacing between 
adjacent charge density maxima and minima in 
the beam so that the approach of a charge density 
maximum corresponds with the recession of a 
charge density minimum and vice versa. 

In order that the induced current may be 
caused to produce the effects desired in the pres 
ent connection, the control electrode 44 and the 
wall of chamber 4f should be connected through 
a high impedance circuit. This has the function 
of causing the induced current variations to pro 
duce relatively great potential variations between 
the electrode 44 and the boundary walls 42 and 
42'. In theory, any type of high impedance con 
nection may be used for this purpose, such as 
a high resistance, inductance, or capacitive re 
actance. As a practical matter, however, the un 
avoidable presence of a certain amount of in 
herent shunt capacitance between the elements in 
question makes it expedient to utilize a parallel 
tuned circuit which is at least approximately 
resonant at the desired frequency of operation 
of the device. 

Since for short wave lengths it is difficult to 
construct a parallel resonant circuit of conven 
tional circuit elements, I prefer to employ for 
this purpose a pair of juxtaposed conductors act 
ing as a resonant transmission line. These may 
comprise, for example, an inner conductor 46 con 
nected with the electrode 44 and an outer tubular 
conductor 47 projecting from the wall of the 
chamber 4. These two conductors may be di 
rectly connected to one another at one end as 
indicated at 48 so that the point of connection is 
a quarter wave length from the open circuited end 
of the transmission line. (The capacitive end 
loading caused by the presence of the electrode 44 
and the adjacent wall portions of the chamber 
4 may require that the transmission line be 
somewhat less than a quarter wave length if 
perfect resonance is to be attained.) ' 
With an arrangement such as that indicated, 

the current induced in the electrode 44 will tend 
to produce sustained oscillations of the transmis 
son line and will cause a voltage maximum or 
anti-node to exist at the open circuited end of 
the line, i. e., between the electrode 44 and the 
adjacent walls 42 and 42'. This voltage will be 
of cyclically varying character and will have a 
frequency determined by the rate of approach 
and recession of charge density maxima in the 
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beam; that is to say, by the frequency of the 
initial velocity modulating potential. 
By analogy with the operation of the control 

electrode 33 it will be seen that the potential 
gradients produced in this Way will necessarily. 
act to cause additional velocity modulation of 
the electron beam. Furthermore, Since the volt 
age swing of the electrode 44 may be very much 
greater than that of the input electrode 33, the 
magnitude of the new velocity modulation may 
be correspondingly larger than that of the initial 
modulation. Where this is in fact the case, it 
is not especially significant to inquire whether 
the new velocity modulation is in phase with the 
old, since the influence of the former may com 
pletely overshadow that of the latter. In other 
Words, the future action of the beam may be 
controlled almost entirely by the modulation 
produced by the electrode 44 and only to an in 
Significant degree by the modulation produced 
by the electrode 33. 
On the other hand, in some cases the charge 

density modulation developed in the drift tube 
39 is so extremely small that only a small volt 
age is developed on the electrode 44. Where this 
is so it may be desirable to assure that whatever 
velocity modulation is produced by this electrode 
is in phase with and additive to that produced 
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by the electrode 33. This can be accomplished 
as a practical matter by varying the tuning of 
the circuit connected to the electrode 44 as by 
adjusting the dimensions of the conductors 46 
and 47. A slight detuning of the circuit from 
true resonance will be effective to accomplish a 
relatively great change in the phase of the volt 
age existing across the approach Spaces Within 
the chamber, 4. 

If the device is operated in the manner speci 
fied in the foregoing so that Secondary velocity 
modulation of increased intensity is produced by 
the control electrode 44, the conversion process 
previously described in connection with the elec 
trode 33 may be repeated. That is to say, the 
velocity modulation produced in the chamber 4 
may be converted into a still higher degree of 
charge density modulation by providing a further 
drift space to be traversed by the portion of the 
beam issuing from the chamber. In the arrange 
ment shown this drift space is provided within 
the portion of the envelope enclosed by the con 
ducting tube 50, such tube being of the same 
length as the tube. 39. 
By virtue of the multi-stage amplification 

effects described in the foregoing, the portion 
of the beam issuing from the drift tube 50 will 
be very highly charge density modulated, the 
percentage of charge density modulation being 
perhaps several hundred times the initial velocity 
modulation effected by the control electrode 33. 
In order that this result may be effectively uti 
lized, a third electrode 52, appropriately 
designated an output electrode, is coupled to the 
portion of the beam issuing from the drift space. 
This electrode is enclosed within a chamber 53 
similar to the modulating chambers previously 
described, and is adapted to have conduction cur 
rents induced in it in accordance with the prin 
ciples previously set forth herein. These cur 
rents may be supplied in turn to an appropriate 
utilization circuit such as a radiating antenna, 
or another discharge device. The utilization cir 
cuit, which is not shown, may be connected to 
the electrode 52 by means of another coaxial 
transmission line including inner and outer con 
ductors 54 and 55. (Shown broken away.) 

2,222,901 
In the device of Fig. 1 only two stages of ampli 

fication are employed. It should be understood, 
however, that as many additional stages as de 
sired may be added, up to the point where the 
velocity modulation produced in the last stage 
corresponds to one hundred per cent modulation 
of the beam. Using three stages, that is, two 
modulation intensifying chambers, it has proven 
possible to produce a Swing of as much as 1500 
volts in the last modulating electrode with a po 
tential of only four or five volts (at eighty centi 
meters) applied to the input electrode. Even 
greater amplifications are considered practicable. 

In Fig. 4 I have shown a further application of 
which my invention has been found capable. 
The device there illustrated is a frequency multi 
plier invented by W. K. Fraenckel and claimed by 
him in application Serial No. 310,059, filed 
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December 19, 1939. I claim as my invention only 
the particular velocity-modulation-intensifying 
means shown and not the combination thereof 
in a frequency multiplying device. 

In this arrangement there is provided an 
elongated discharge envelope of the same general 
character as that described in connection with 
Fig. 1. 
suppressor grid 6t, and a series of intermediate 
electrodes 62. It is also understood to be pro 
vided at its left hand extremity with an electron 
gun of the character shown in Fig. 1. (This has 
been broken away in the drawing in order to 
conserve Space.) A series of magnetic focusing 
coils 63 are distributed along the length of the 
discharge path in order to maintain the electron 
beam in focus. 
As in the arrangement previously described, 

there is provided a first modulating space com 
prising a chamber 66 and a modulating electrode 
67. An input potential is applied between an 
outer tubular member 68 and an inner conductor 
69 which form the elements of a coaxial trans 
mission line. Welocity modulation which is pro 
duced in the modulating chamber 66 is converted 
into charge density modulation of a higher order 
Of magnitude in the drift space which exists 
within that portion of the envelope enclosed by 
the conducting tube 7. 
The charge density, modulated portion of the 

beam which issues from this drift space enters a 
modulation-intensifying space defined by the 
chamber 12 and is there caused to excite an os 
cillating circuit comprising coaxial conductors 14 
and 75. The mutual reaction of the oscillating 
circuit and the beam, as effected through the in 
termediation of the tubular electrode 76, serves 
to augment the velocity modulation of the beam 
in accordance with the principles explained in 

, the foregoing. 
The length of the conductors 4 and 75 is pref 

erably made to correspond to a quarter wave 
length of the fundamental frequency applied to 
the input electrode 67. Consequently, the addi 
tional veiocity modulation which is imparted to 
the beam in the second modulating chamber 2 
is of the fundamental frequency. This new ve 
locity modulation is again converted into charge 
density modulation, in a second drift Space which 
is enclosed by a tubular conductor 78. 

It may be shown that where relatively weak 
sinusoidal velocity modulation is involved, Space 
charge effects tend to cause the charge density 
modulation resulting therefrom to be also of 
sinusoidal character. However, if a higher degree 
of velocity modulation is employed, the charge 
density modulation produced thereby may be of 

This includes a collecting anode 60, a. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 



O 

15 

20 

25 

30 

35 

O 

45 

50 

55 

60 

65 

70 

2,222,901 
distinctly non-sinusoidal character as a result of 
the greater "electron compression' made possible 
by the higher electron velocity differences in the 
beam. Consequently, even if the original control 
potential applied to the electrode 67 is of sinus 
oidal form, the charge density modulated beam 
issuing from the drift space within tile tube 78 
Will contain harmonic components. By using a 
further modulation-intensifying circuit similar in. 
principle to those previously described but tuned 
to a different frequency, a given One of these 
contained harmonics may be Selectively ampli 
fled, 
In the present case, means for accomplishing 

this result is provided in the form of a third 
modulating space contained within the chamber 
80. As before, the modulating means includes a 
tubular electrode 8 and a connected circuit com 
prising inner and outer concentric conductors 
83 and 84. The latter, however, are of such di 
mension as to be adapted to produce OScillations 
corresponding to a selected harmonic, Say the 
second, of the fundamental frequency applied to 
the control electrode 67. To this end the conduc 
tors may have a length corresponding approxi 
mately to a quarter Wave length of the harmonic 
frequency in question. The action of the ele 
ments contained within the modulating chamber 
80, therefore, is to impress on the beam velocity . 
modulation at the harmonic frequency. This 
velocity modulation may be converted into charge 
density modiulation of the same frequency by per 
mitting it to pass through a drift space of ap 
propriate length, provided for example, by the 
portion of the envelope which is enclosed by the 
conducting tube 86. ASSuming that the second 
harmonic is that desired, the appropriate length 
of this drift space will be somewhat less than 
half that of the drift Spaces utilized in connec 
tion with the electrodes 6 and 76. In order to 
abstract energy at the harmonic frequency from 
the modulated beam, one may utilize an energy 
abstracting combination including a chamber 88 
and a tubular electrode 89, these being connected 
to a circuit which is tuned to the harmonic fre 
quency SO as to be readily excited thereby. 
What I claim as new and desire to secure by 

Letters Patent of the United States is 
1. In Combination, means for producing an 

electron bean, a set of juxtaposed conductive 
members capable of producing potential gradients 
acting longitudinally on the beam at a particular. 
region thereof, means for impressing an alter 
nating voltage of high frequency between said 
members thereby to modulate the beam, means 
providing a drift space to be traversed by the 
beam after its passage through the said particular 
region, circuit means coupled to the portion of 
the beam issuing from the drift space and adapted 
to be excited by current variations therein, means 
including a Second set of juxtaposed conductive 
members for impressing on the said portion of the 
beam longitudinal potential gradients produced 
as a result of the excitation of the said circuit 
means, means providing a second drift space to 
be traversed by the beam after passage thereof 
through the second set of conductive members, 
and energy-abstracting means coupled to the 
portion of the beam issuing from the Second drift 
Space. . - 

2. In combination, means for producing an 
electron beam, means coupled to the beam for 
producing longitudinal velocity modulation there 
of, means providing a drift space to be traversed 

7s by the velocity modulated beam, said drift space 

S 
being of Sufficient length to permit effective con 
version of the said velocity modulation into 
charge density modulation, circuit means coupled 
to the portion of the beam issuing from the drift 
space S0 as to be excited thereby, and means for 
subjecting the said portion of the beam to a 
potential developed as a result of the excitation 
of the said circuit means, thereby to change the 
velocity modulation of the beam. . . 

3. In combination, means for producing an 
electron beam, means for producing initial longi 
tudinal velocity modulation of the beam, means 
providing a drift. space of substantial length to 
be traversed by the beam after such modulation 
thereof, an oscillatory circuit coupled to the por 
tion of the beam issuing from the drift space SO 
as to be excited to oscillation thereby, means 
energized by a potential developed in said oscilla 
tory circuit for superimposing additional velocity 
modulation on the said portion of the beam, the 
circuit being adjusted to produce a desired phase. 
relationship between the said Superimposed ve 
locity modulation and the said initial velocity 
modulation of the beam. 

4. In combination, means for producing an 
electron beam, means providing a first modulat 
ing space to be traversed by the beam, means 
Within said space for producing initial longitudi 
nal velocity modulation of the beam, means pro 
viding a modulation-intensifying space to be 
traversed by the beam after initial velocity 
modulation thereof, circuit means coupled to the 
beam within the modulation-intensifying space 
and adapted to be maintained in oscillation by 
the action of the beam, means within said space 
and energized by an oscillating potential devel 
oped by said circuit means so as to produce, ad 
ditional longitudinal velocity modulation of the 
beam, and means for effectively abstracting. 
energy from the doubly modulated beam. 

5. In combination, means for producing an 
electron beam, means for producing initial longi 
tudinal velocity modulation of the beam, means 
providing a drift space to be traversed by the 
velocity modulated portion of the beam, thereby 
to convert the velocity modulation into charge 
density modulation, means providing a modula 
tion-intensifying space to be traversed by the 
portion of the beam issuing from the drift space, 
circuit means coupled to the beam within the 
modulation-intensifying space and adapted to be 
excited to oscillation by the action of the beam, 
means within said space and energized by the 
Said circuit means for producing additional ve 
locity modulation of the beam, and means for 
effectively abstracting energy from the doubly 
modulated portion of the beam. --, - 

6. A multi-stage amplifier for high frequencies, 
including means for producing an electron beam, 
means for producing initial longitudinal velocity 
modulation of the beam, means providing a drift 
space to be traversed by the beam after velocity 
modulation thereof for converting the velocity 
modulation into charge density modulation, 
means coupled to the portion of the beam issuing 
from the drift space for producing additional 
longitudinal velocity modulation thereof, said 
last-named means comprising a space traversed 
by the beam and having relatively fixed boundary 
potentials, an electrode within said space and 
freely variable in potential with respect to the 
boundaries thereof, said electrode being coupled 
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to the beam. So as to be affected by the passage 
of charge density maxima and minima, in the 
beam, and means providing a high impedance 75 
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connection between the electrode and the bound 
ing walls of the space, and means for effectively 
abstracting energy from the beam after its pas 
Sage through the Said Space. - . . . . . 

7. In combination, means for producing an 
electron beam, a series of axially alined tubular 
conductive elements which are successively 
traversed by the beam, said elements being mu 
tually spaced to provide gaps between them, 
means for producing cyclically varying potential 
gradients which act longitudinally on the beam 

2,222,901 
at a first one of said gaps to cause velocity modu 
lation thereof, a resonant system adapted to be. 
excited by the variations existing in the beam as 
it traverses, a second one of said gaps which is 
appreciably displaced from the first gap in the 
direction of the electron movement, said resonant 
system being effective by virtue of its reaction 
on the beam to produce additional velocity modul- " 
lation thereof, and means for abstracting energy 
from the doubly modulated beam. 


