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Patented Apr. 29, 1942 2,240,183. 

UNITED STATES PATENT OFFICE 
ELECTRIC DESCHARGEDEVICE 

WWilliam C. Haan, Scots, N. S., Aggghoff to Gen 
era Electric Compay, I corporationa 
York 

8 Claims. 
The present invention relates to improvements 

in electric discharge devices and to improved 

of New 

Application December 1, 1938, Seria No. 243,397 
(C. 250-2) 

methods of operating such devices. While not 
limited thereto, the invention is particularly ap 
plicable in connection with ultra-short-wave de 
vices of the general type disclosed and claimed 
in my copending application Serial No. 53,602 
filed July 14, 1937, Patent No. 2,220,839, dated No 
vember. 5, 1940 and assigned to the General Elec 
tric Co. 

Discharge devices of the type to which this in 
vention refers involve the use of means for pro 
ducing an electron beam and means for collecting 
the beam after it has performed the functions 
desired of it. Ordinarily the amount of electron 
current which can be handled by such a device is 
limited by heating of the collecting electrode. 
Such heating is a result of the mechanical impact 
of the individual electrons on the electrode sur 
face and may be quite great, even for a Small 
beam current, if the average beam velocity is 
high. 

• It is one object of the present invention to pro 
vide means and a method of operation Whereby 
the heating of the collecting electrode may be 
kept at a low value even where very high cur 
rent densities are employed in the electron bean. 
This is accomplished by utilizing an arrangement 
such that all the beam components may be re 
ceived at a relatively low velocity at the collecting 
surface irrespective of the velocities which may 
occur in other parts of the beam. 
The features which I desire to protect herein 

are pointed out with particularity in the ap 
pended claims. The invention itself, together 
with further objects and advantages thereof, may 
best be understood by reference to the following 
description taken in connection with the draw 
ings in which Fig. l illustrates in longitudinal. 
section a complete electronic discharge device 
suitably embodying my invention; Figs, 2 and 3 
are imaginative representations useful in explain 
ing the invention; Figs. 4 and 5 are graphs also 
of explanatory character, and Fig. 6 shows an al 
ternative application of the invention. 

Referring particularly to Fig. i. I have shown a 
tube of the cathode ray type which comprises an 
evacuated envelope having an elongated shaft 
portion G 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 encloses means, such as a 

known type of electron gun, for producing , an 
electron beam. The combination shown Com 
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prises a thermionic cathode 4 which is indicated 
in dotted outline and a focusing cylinder 5 for 
confining the electrons to a concentrated beam. 
This cylinder may be either connected directly to 
the cathode or maintained at a few volts nega 
tive or positive with respect to it. In order to 
accelerate the electrons to a desired extent there 
is provided an accelerating electrode 8 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 
bearin path may be maintained at a desired po 
tential level there are provided a number of in 
termediate electrodes 8 which suitably comprise 
rings of conducting material applied to the inner 
wall surface of the envelope. They are provided 
with lead-in connections 9 and with external 
contact-making terminals 20. A number of mag 
netic focusing coils (not shown) may be placed 
along the envelope to prevent dispersion of the 
electrons and to maintain the bean in focus dur 
-ing its passage through the discharge space. In 
Some cases electrostatic cean-focusing means 
may advantageously be used. 
After traversing the envelope the electron beam 

is collected by an anode 23 which consists of 
graphite or other suitable material. A tubular 
electrode 28 in the nature pf a suppressor grid 
serves to prevent secondary electrons emitted by 
the anode from returning to the discharge space. 
This electrode has also another function which 
will be described inore fully hereinafter. 

in the operation of the device the intermedi 
ate electrodes 8 may be maintained at ground 
potential, the cathode is at one thousand to sev 
eral thousand volts below ground and the anode 
23 at one thousand to several thousand volts 
above the cathode. The suppressor grid 28 may 
be biased fifty to several hundred volts negative 
with respect to the anode 23. These potential re 
lationships may be established, for example, by 
means of a battery 2 connected as shown, 
The combination of elements so far described 

comprises means for producing a unidirectional 
electron beam of substantially constant average 
intensity and velocity. As pointed out in my 
aforementioned application Serial No. 153,602, 
an electron beam of this type may be modulated 
either as to "electron velocity' or as to "charge 
density.' The first type of modulation involves 
the production of systematic irregularities in 
electron velocity from point to point along the 
beam. The second involves the production of 
charge density variations, such variations being 



2 
manifested as systematic irregularities in the 
electron grouping. In connection with ultra 
short wave devices it is advantageous to utilize 
both these types of modulation, the two types 
being produced separately as will 2 explained in 
the following. 
An electron beam may be velocity modulated 

by applying to the beam longitudinal potential 
gradients which vary cyclically at a desired fre 
quency. For reasons which are fully explained 
in my aforementioned application Serial No. 
153,602 and which need not be elaborated here 
it is desirable that such modulation be accom 
plished without the simultaneous production of 
substantial charge density variations. This may 
be done by the use of a modulating space which 
is so shielded from the cathode that variations 
of the modulating potential are prevented from 
reacting directly on the cathode emission. Al 
though numerous velocity modulating structures 
are shown in my prior application, only one is ill 
lustrated in the present case, 
This comprises a modulating chamber 30 

formed by a grounded conducting structure which 
is outside the discharge envelope. It is provided 
with transversely extending wall portions 3 and 
3' which extend relatively close to the outer Sur 
face of the envelope and which serve to fix the 
potential level of the boundaries of the modulat 
ing space. Within this space there is provided a 
modulating electrode comprising a conducting 
tube 33 which surrounds the beam path so as to 
be coupled to the beam. By alternately raising 
and lowering the potential of this electrode with 
respect to the boundaries of the modulating Space 
(as by applying a high frequency input potential 
to the electrode), variable potential gradients are 
produced which act longitudinally on the elec 
tron beam as it traverses the approach Spaces 
between the wall members 3 and 3 and the 
extremities of the electrode 33. 
The modulating effect thus produced will be 

most pronounced if the length of the tubular 
electrode 33 is so correlated to the velocity of 
the beam that the electron transit time there 
through corresponds at least approximately to a 
half cycle of the control potential or to an odd 
number of such half cycles. If this condition is 
fulfilled, an electrön which enters the modulat 
ing space when the potential of the control elec 
trode 33 is a maximum will be accelerated first 
by the gradients existing between wall 3 and the 
electrode and again as it leaves the electrode 
one half-cycle later while the electrode potential 
is at a minimum with respect to the boundary 
wall 3. Similarly an electron which enters the 
modulating space in such time phase as to be 
retarded as it approaches the control electrode, 
will also be retarded as it, leaves the electrode. 
As a result of these alternate accelerating and 
retarding effects, the electron beam leaving the 
chamber 30 will be made up of alternate ele 
ments, 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 input 
source such, for example, as a high frequency 
oscillation generator (not shown). As a means 
for connecting the exciting source to the control 
electrode structure, there is provided a concentric 
transmission line comprising an inner conductor 
35 and an outer conductor 36, these being shown 
partly broken away. 

If only weak control potentials are available, 
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2,240,183 
the velocity modulation produced by the control 
electrode may be relatively 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 consideration of the following 
explanation: 
In Fig. 2 the beam is shown as it is assumed 

to issue from the modulating chamber 30. It 
will be seen that at this point it comprises alter 
nate groups of fast and slow electrons, the former 
being indicated by black dots a and the latter 
by light dots b. So far, the beami is still sub 
stantially 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 
with the slower electrons. The electrons have 
now become grouped so that the beam is charge 
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 a di 
versely to effect conditions within the beam. 
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 long 
Section of the discharge envelope which is shield 
led from any but static potentials. 

From the foregoing it might seem that with 
an appropriate length of drift space even the 
slightest amount of velocity modulation could 
be converted into 100% charge density modula 
tion, or, in other words, that the maximum ob 
tainable charge density modulation is independ 
ent 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 elec 
trons) in opposing electron grouping which is 
characteristic of a charge density modulated 
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 
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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 question start 

60 
a relative motion of certain elements of the tube . 
from its ends toward its center. After a certain 
time this motion ceases as a result of compres 
sion 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 occurs and the whole 
process is repeated. If the medium in question 
is perfectly elastic, an indefinite number of repe 
titions are possible, periods of maximum compres 
sion being alternated with periods of maximum 
mobility. It will be understood that during this 
process the tube as a whole is continuing its mo 

5 
tion through space. 
This is considered to be the sort of thing which 



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 
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 con 
pression, electron dispersion is initiated. This, 
in turn, Overshoots, so to speak, thus producing 
further compressions, and so on. The varia 
tions of compression which occur at any given 
point along the beam path may be referred to as 
the charge density modulation of the beam at 
such point, while the variations of velocity com 
prise its Velocity modulation. w 
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 nodula 
tion is substantially independent of the magni 
tude of the velocity modulation at least for rela 
tively small values of the latter. It is, however, 
a function of the beam velocity, the average 
charge density of the beam, the modulating fre 
quency, the diameter of the bean, the diameter 
of metal and glass parts surrounding the bean, 
and the magnitude of any external electrostatic 
or magnetic force acting on the bean. An ap 
proximate formula which has proven useful in 
determining the proper length of the drift space 
is as follows: 

V3% 
Ioy: L = 9.02X105a A 

Where 
LM represents the Inaximum length of the diri, 

space in centimeters (measured from cen 
ter to center of the grids at each end of 
the Space). 

Wo represents the average velocity of the bean 
in Wolts. 

Io represents the bean current in milliamperes. 
X represents the Wave length of the applied 

signal in centimeters (in vacuum). 
da is a, constant whose value is deterRained by 

the dimensions of the eravelope and elec 
trode parts. For nost cases it will gall be 
tween i.0 and 2.0 and may be assigned an 
average value of .3. 

Once the physical length of the drift space has 
been fixed by utilization of this formula, a final 
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 
intermediate electrodes 2 until maximum out 
put 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 roughly co-extensive 
with the tubular conducting section 39 which ex 
tends from the boundary wall 3'. It is further 
assumed that the right-hand extremity of the 
drift space marks a point of maximum charge 
density modulation of the beam for the intended 
condition of operation of the discharge device. 
Since the magnitude of the charge density nod 
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3 
ulation may be appreciably in excess of that of 
the velocity modulation produced by the input 
electrode it is clear that an amplification effect 
can be obtained through the "electron-sorting” 
effect of the drift space. . 

In order that this result may be effectively 
utilized, a third electrode 42, appropriately des 
ignated an output electrode, is coupled to the por 
tion of the beam issuing from the drift space. 
his electrode is enclosed within a chamber 83 

sinflar to the modulating chamber previously de 
scribed. It comprises end walls (36 and 48' which 
approach relatively close to the outer wall of the 
envelope and which are adapted to cooperate with 
the extremities of the tubular electrode 42 to pro 
duce potential gradients in the spaces between 
then. 

In my application Serial No. 153,602, previously 
Ereferred to, it has been shown that an electrode 
such as the electrode 42 may be used to abstract 
energy from a modulated beam traversing it. 
This is a result of the fact that the charge den 
sity variations in the beam will induce similarly 
varying conduction currents in the electrode 42 
and the circuit elements associated therewith. 
This effect is most pronounced when the length 
of the tubular electrode 42 corresponds approxi 
mately to the spacing between adjacent charge 
density maxima and minima in the beam. Under 
these conditions the approach of a charge den 
sity maximum will coincide with the recession of 
a. charge density minimum and a resultant cur 
rent pulse will be produced in the electrode. An 
other current pulse of opposite sign will be in 
duced one-half cycle later when the approach of 
& Charge density minimum coincides with the re 
cession of a charge density maximum. 
The electrode 42 may be coupled to a suitable 

output circuit (not shown) by means of a con 
centric transmission line comprising conductors 
6 and 88 so that these current pulses will be 
transformed into voltage phenomena in such cir 
cuit. The characteristics of the transmission 
line 4, 88 should preferably be matched to those 
of the output circuit and of the electrode system. 

After the beam has passed through the tubu 
lar electrode 82 it contains components of charge 
density modulation and velocity modulation 
which vary in relative magnitude from point to 
point along the beam. If the beam is collected 
at & point at which appreciable velocity modu 
lation exists, the collecting element must be 
biased to a potential at which even the lower 
velocity bean components are able to reach the 
surface of the element. Under these conditions the higher velocity components of the beam will 
be moving at considerable speed when they strike 
the collecting surface, and will cause substantial 
heating thereof. Not only does the heat thus 
generated represent a power loss and therefore 
B diminution of the efficiency of the system but 
it also presents a considerable problem as to its 
dissipation. In order to take care of this latter 
factor the volume of the collecting electrode 
must be relatively large and the total beam cur 
rent must be limited to a relatively low value 
unless artificial cooling is to be employed. 

In order to overcome this difficulty and to 
avoid excessive heating of the collecting element 
propose to collect the beam at a point at which 

the received electrons are moving with substan 
tially uniform velocity. If this condition is full 
filled, the collecting member may be biased to 
such a potential that substantially all the elec 
trons are collected with approximately zero ve 



4. 
locity so as to produce no heating of the men 
ber. Even if a somewhat higher potential is 
employed the heating effect will be relatively 
slight. 
This method of operation is made possible by 

the successive conversions which occur along the 
bean between states of maximum charge density 
modulation and states of maximum velocity mod 
ulation. As has been previously explained, a state 
of maximum charge density modulation is Ordi 
narily coincident with a state of minimum ve 
locity modulation. Since a point of minimum 
velocity modulation is by definition a point of 
uniform electron velocity, it is only necessary 
to locate such a point and to place the collect 
ing element at it. 
The significance of the foregoing statement 

may be better understood by reference to the 
graphical representation of Fig. 4, in which the 
curves A and B show respectively the variations 
of velocity modulation and of charge density 
modulation from point to point along the tube. 
It will be seen that at a (that is, at the right 
hand boundary of the modulating space 30) the 
velocity modulation. (A) is at a maximum and : 
the charge density maximum (B) is substantially 
Zero. However, as one proceeds along the drift 
spaced provided within the conducting tube 39, 
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the charge density increases and the velocity . 
modulation decreases until at b (the entrance to 
the chamber 43) the former has reached its max 
imum value while the latter has become sub 
stantially zero. Furthermore at some other point 
C farther along the tube (not indicated in Fig. 
1) this condition of zero velocity modulation will 
be repeated. The collecting element may ac 
cordingly be placed at this second point of zero 
velocity modulation. 
An arrangement Such as that specified in the 

foregoing paragraph may require the use of an 
unduly long discharge tube to permit the col 
lecting element to be placed at the optimum 
point. In order to avoid this difficulty it is pos 
sible to shorten the drift space and to place 
the output electrode 42 at a point d where the 
charge density modulation is something less 
than a maximum. This will decrease the pos 
sible amplification but will still yield a satisfac 
tory output. The collecting electrode may then 
be placed at a point e, slightly displaced from b, 
where the velocity modulation is low, although 
not precisely a minimum. 

It is possible, however, and it constitutes a 
further aspect of my invention that the point 
of occurrence of a Velocity modulation minimum 
may be varied arbitrarily So as to coincide with 
the position of the collecting element. This may 
be done in one way by exerting a "demodulating' 
effect on the electron beam after its passage 
through the output electrode system. One struc 
ture for accomplishing this result is shown in 
Fig. 1. 
This comprises a variable oscillatory circuit 

connected to the suppressor grid 24. As illus 
trated, this circuit comprises the combination 
of a lead-in connection 50 connected to the sup 
pressor grid and a tubular conductor 5 sur 
rounding the suppressor grid and the conductor 
50. These elements in combination comprise a 
"transmission line' which may be tuned to be 
resonant at a desired frequency. In view of the 
form of the said line it will ordinarily be reso 
nant when its length approximates that of a 
quarter wave (or an odd number of quarter 
waves) at the frequency involved. 
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In order to vary the tuning of the transmis 

sion line there is provided a movable device com 
prising a flanged disk 53 which is interfitted 
within the tubular conductor 5 so as to be 
axially slidable therein. A second disk 54 slid 
ably engages the conductor 50 and provides a 
capacitive coupling between that conductor and 
the tubular member 5. This coupling is sub 
stantially a short circuit as far as high frequency 
currents are concerned but is open circuited with 
respect to direct currents by virtue of the inter 
position of an insulating member 56. A similar 
connection is provided between the tubular con 
ductor ö and the anode lead-in conductor 57 
by means of a disk 58 which slidably engages 
the conductor 57. The disk assembly may be 
moved as desired by means of a handle 59 which 
projects from the end of the tubular member 5?. 
The action of the charge density modulated 

beam in approaching the tubular electrode 24 is 
to induce pulses of conduction current therein 
and to excite the transmission line connected to 
the electrode. Such excitation may result in the 
establishment of a continuously variable poten 
tial gradient between the electrode 24 and the 
juxtaposed conducting wall 5, which gradient 
acts to modify the velocity modulation of the 
beam. By adjusting the position of the slidable 
disk 53 one may vary the phase relation between 
this additional velocity modulation and the in 
itial modulation produced by the preceding elec 

When a proper adjustment is 
reached the effect at the collecting electrode of 
this additional modulation may be such as pre 
cisely to offset the initial modulation. This phe 
nomenon is explained by the graphical repre 
Sentation of Fig. 5 wherein the curves A and B 
are similar to those shown in Fig. 4, and the 
Curve C indicates the spatial variation of the 
Velocity modulation produced in the region g 
(Fig. 1) by the electrode 24 when its associated 
circuit is properly adjusted. The curve D indi 
cates the result and modulation as determined 
by the difference between A and C. It will be 
Seen that at the point h, which corresponds to 
the surface of the electrode 23, the additional 
nodulation C is precisely equal and opposite to 
the initial modulation indicated by the curve A. 
Consequently at this point the velocity of the 
beam is uniform and is invariable with time. 
It is, therefore, possible to bias the electrode 23 
to such a potential that it is capable of collecting 
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the entire beam with zero or very low velocity. 
As previously explained, this results in corre 
Spondingly low heating. 
The effect of the presence of the additional 

lead-in conductor 57 is to modify somewhat the 
action of the electrode 24. However, this factor 
merely changes the adjustment of the member 
53 for which the desired results will be obtained. 
It does not prevent its occurrence. 
Since the result described in the foregoing is 

accomplished without any appreciable absorption 
of power by the modulating system it is apparent 
that the reduced heating of the collecting ele 
ment increases the overall efficiency of the sys 
tem. Furthermore it may serve greatly to in 
crease the amount of electron current which may 
be employed in the beam without producing ex 
cessive heating of the collecting electrode. 
-In Fig. 6 I have shown a modification of the 

invention in which the demodulating effect is 
obtained by an electrode system which does not 
involve the suppressor electrode 24. In this case 
a demodulating chamber 65 is provided which 



follows immediately after the energy-abstracting 
electrode system comprising the chamber 62 and 
the electrode 63, but is entirely separate there 
from. This chamber contains a tubular electrode 
66 which is connected to a resonant Oscillatory 
system provided, for example, by concentric 
quarter-wave conductors 68 and 69. 
The portion of the electron beam which issues 

from the energy-abstracting chamber 62 is still 
highly charge density modulated. It is, there 
fore, effective to induce substantial currents in 
the tubular electrode 66 and in its associated 
resonant circuit. These currents will in turn 
produce voltage variations in the circuit con 
nected to the electrode 66 and corresponding po 
tential gradients between the extremities of the 
electrode 66 and the adjacent boundary Walls of 
the chamber 65. By this means additional veloc 
ity modulation will be produced in the beam, such 
modulation being adjustable as to phase and ; 
magnitude by a disk-like member which is 
adapted to be moved toward and away from the 
tubular electrode 66. The position of this men 
ber controls the capacitive end loading imposed 
on the transmission line formed by the con 
ductors 68 and 69, and thus serves to modify its 
state of resonance. The additional modulation 
produced within the chamber 65 may be made to 
offset the initial modulation of the beam in Such 
a way as to produce a state of uniform electron 
velocity at the collecting Surface of the electrode 
23. This is brought about in the Same manner 
as was explained in connection with Fig. 1. 
While I have described my invention in con 

nection with particular structural embodiments 
it will be understood that many modifications 
may be made by those skilled in the art without 
departing from the invention. I, therefore, aim 
in the appended claims to cover all such equiva 
lent modifications as fall within the true Spirit 
and scope of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
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1. The method which comprises producing an . 
electron beam, effecting initial velocity modula 
tion of the beam, abstracting power from the 
beam at the modulation frequency, thereafter 
producing a secondary velocity modulation of the 
beam so related to the initial modulation as Sub 
stantially to offset the effects thereof and to pro 
vide a region of relatively uniform electron ve 
locity at some point along the beam, and finally 
collecting the beam at such point. 

2. In a discharge device, the combination which 
includes means for producing a stream of mov 
ing charges, means for producing velocity Varia 
tions of the stream, means dependent on the 
existence of such variations in the stream for 
abstracting energy therefrom, an electrode for 
collecting the stream after such abstraction of 
energy therefrom and means interposed between 
the energy abstracting means and the collecting 
electrode for minimizing the velocity variations 
in the stream at the point of its impingement on 
the said electrode. 

3. In a discharge device, the combination which 
includes means for producing an electron beam, 
means for modulating the beam at high frequency 
to produce velocity variations therein, means for 
abstracting power from the beam at the modul 
lating frequency, means acting subsequently on 
the beam materially to reduce the velocity Vari 
ations therein at a particular region of the beam, 
and means for collecting the beam at Such region, 
said last-named neans being electrically condi 
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? 
tioned to receive the beam at low velocity where 
by heating of the collecting element is substan 
tlally avoided. 

4. In a discharge device, the combination which 
includes means for producing an electron beam, 
means for velocity nodulating the beam, means 
proViding a Space to be traverSed by the modul 
lated bean and in Which Successive conversions 
between states of maximum velocity modulation 
and oi maximum Charge density modulation can 
OCCur, means aSSOciated with the said space and 
Coupled to the bean at a region of maximum 
charge density modulation for abstracting power 
therefron, and means for thereafter collecting 
the beam at a region of minimum velocity modu 
lation, said last-named means being, electrically 
conditioned to receive the beam at low velocity 
whereby excessive heating of the collecting ele 
ment is avoided. 

5. A discharge device including means for pro 
ducing an electron beam, means for velocity 
modulating the beam at high frequency, means 
providing a drift space to be traversed by the 
beam after velocity modulation thereof, said 
Space being of sufficient length to permit effec 
tive conversion of the velocity modulation of the 
bean into charge density modulation, energy 
abstracting means coupled to the portion of the 
beam issuing from the drift space for supplying 
power from the beam to a high frequency utiliza 
tlon circuit, an electrode for collecting the beam 
after its passage through the energy-abstracting 
means, and means coupled to the beam between 
the energy-abstracting means and the collecting 
electrode i and excitable by charge density varia- , 
tions in the beam to produce additional velocity 
modulation thereof, said last-introduced means 
being effective to assure a condition of substan 
tially uniform velocity of the beam at the region 
of its impingement on the collecting electrode. 

6. A discharge device including means for pro 
ducing an electron beam, means for velocity 
modulating the beam at high frequency, means 
providing a drift space to be traversed by the 

5 beam after velocity modulation thereof, said 
Space being of sufficient length to permit effec 
tilve Conversion of thue velocity modulation of the 
beam into charge density modulation, energy 
abstracting means coupled to the portion of the 
beam issuing from the drift space for supplying 
Power from the beam to a high frequency utiliza 
tion circuit, an electrode for collecting the beam 
after its passage through the energy-abstracting 
eans, and circuit means coupled to a portion of 

the beam between the energy-abstracting means 
and the collecting electrode for producing addi 
tional velocity modulation of the beam, said cir 
cult means being adjustable to provide a rela 
tionship between the said additional velocity 
modulation of the beam and the initial modu. 
lation thereof such that a region of minimum 
electron Velocity variation exists at the collecting 
electrode. 

. A high frequency discharge device including 
means for producing an electron beam, means for 
velocity modulating the beam at high frequency, 
energy-abstracting means for Supplying power 
from the modulated beam to a high frequency 
utilization circuit, an electrode for collecting the 
beam. af its passage through the energy 
abstractiig means, and means for aSSuring a 
condition of substantially uniform electronve 
locity at the collecting electrode, said last-named 
means including a combination of conductive 
members traversed by the beam and circuit ele 
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ments associated with said members for produc 
ing additional velocity modulation of the bean 
by mutual reaction therewith, the said additional 
modulation being in opposition to the initial 
modulation of the beam so as to exert a velocity 
equalizing effect thereon. 

8. A high frequency discharge device including 
means for producing an electron beam, means for 
velocity modulating the bean at high frequency, 
energy-abstracting means for supplying power 
from the modulated beam to a high frequency 
utilization circuit, an electrode for collecting the 

al 
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beam after its passage. through the energy-ab 
stracting means, and means. for Rssuring a con 
dition of substantially uniform electron velocity 
at the collecting electrode, said last-named means 
comprising an oscillatory circuit coupled to the 
beam and effective by reaction there with to pro 
duce additional velocity modulation thereof, the 
said additional modulation being in opposition to 
the initial modulation of the beam so as to exert 

10 a velocity equalizing effect thereon, 

wILLIAM C. HAHN. 


