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PATENT OFFICE 
ELECTRON BEAM DEVICE 

George F. Metcalf, Scotia, N. Y., assignor to 
General Electric Company, a corporation of 
New York 

Application April 14, 1938, Seria No. 201954 
1 Claim. (C. 250-2) 

This is a continuation-in-part of applicationity modulates the beam without producing ap 
Serial Number 153,602, filed July 14, 1937, by 
W. C. Hahn and G. F. Metcalf. 
The present invention relates to electron beam 

devices and, while not limited thereto, is especial 
ly useful in connection with "velocity modula 
tion' devices Such as are described in the afore 
Said application. 

In devices in which it is necessary to employ a 
Concentrated electron beam and to cause Such a 
beam to traverse a considerable space, there is 
a tendency for progressive spreading of the beam 
to Occur. This is due primarily to the mutually 
repulsive forces exerted by the electrons on One 
another. 

It is one object of my present invention to pro 
wide improved electrostatic means for maintain 
ing a beam of electrons or other charged particles 
in focus irrespective of the length of the path 
which it traverses. 
The features of novelty which I desire to pro 

tect herein are pointed out with particularity in 
the appended claims. The invention itself will 
be described in connection with a velocity modu 
lation device of the type disclosed in the afore 
said application S. N. 153,602. For a better 
understanding of the structure involved reference 
may be had to the drawings, in which Fig. 1 
illustrates an electrode combination suitable for 
producing velocity modulation of an electron 
bean; Fig. 2 illustrates diagrammatically a veloc 
ity modulation discharge device embodying my 
invention; Figs. 3 to 5 are representations useful 
in explaining the invention; Fig. 6 illustrates 
diagrammatically a modification of the device of 
Fig. 2 and Figs. 7 and 8 show possible modifica 
tions of the beam focusing means. 

In the drawings above referred to, I have indi 
cated certain voltage ranges as being suitable for 
the Operation of the various electrodes. It should 
be understood, however, that the values given are 
exemplary only, and that they may be varied 
within wide limits, even to the extent of chang 
ing their order of magnitude. 
In the parent application mentioned above, it 

is pointed out that an electron beam may be 
modulated in two ways--either as to velocity or 
as to charge density. In conventional electronic 
devices these two types of modulation are inevit. 
ably combined. In the novel devices described 
in the said application, however, a separation of 
the nodulating processes is effected, this in 
proving the operation of the devices at ultra 
Short Wave engths. This is accomplished by the 
use of a control electrode structure which Veloca 

preciable charge density variations in the vicinity 
Of the control electrode structure. The velocity 
modulation this produced is subsequently and in 
dependently converted into charge density modu- is 
lation of a higher order of magnitude, and the 
charge density modulated beam is then caused 
to excite an output circuit. 
In Fig. there are illustrated the basic ele 

ments of One type of electrode system suitable 
for producing velocity modulation. These ele 
ments provide a modulating space which is sub 
stantially shielded from the electron beam source 
or cathode. By virtue of such shielding, current 
or potential variations which occur in the modu- is 
lating space have no tendency to effect changes 
in the cathode emission or to produce charge 
density variations in the space as a result of such 
changes. w 

A modulating space as specified in the forego 
ing may comprise, for example, a Space which is 
arranged to be traversed by an electron beam, 
and the entrance and exit boundaries of which 
are maintained at fixed potentials with respect 
to One another. Thus, in the particular arrange 
ment shown in Fig. 1, a modulating space is pro 
vided between two apertured conducting barriers 
or diaphragms to and which are electrically 
connected to one another and maintained at a 
definite potential above ground. The chamber 
thus defined is, in use, traversed by an electron 
beam 3 which may enter through an opening 
5 in the diaphragm O and leave through a cor 
responding opening 6 in the diaphragm . 
In order to produce velocity modulation of the 35. 

beam, the potential level of an intermediate 
region of the space should be cyclically raised 
and lowered with respect to the boundary poten 
tials at Such a rate that the velocity of any given 
electron in the beam is similarly affected as the 
electron approaches and recedes from such inter 
mediate region. In connection with the par 
ticular structure of Fig. 1, this may be accom 
plished, for example, by the use of a contro 
electrode in the form of a tube 9 which is posi 
tioned between the diaphragms. O and and 
spaced slightly from each of them. If the poten 
tial of this electrode is caused to vary above and 
below that of the diaphragms with the proper 
periodicity, as by COnnection to a Source of 
cyclically varying control voltage 2, effective 
velocity modulation of the transmitted beam may 
be obtained. 
For reasons which need not be elaborated here, 
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be accomplished without appreciable power loss 
in the control circuit. The utility of the ar 
rangement lies partly in the fact that slight 
velocity variations, produced without substantial 
power loss, may be subsequently converted into 
much greater magnitudes of charge density 
variation, thus producing amplification effects. 
In Fig. 2 there is shown diagrammatically a 

complete velocity modulation amplifier in which 
the particular improvement which comprises my 
present invention is incorporated. In the con 
struction shown there is provided a discharge 
device which comprises a sealed envelope 25 
which is indicated in dotted outline. Within the 
envelope there is provided means for developing 
an electron beam of substantially constant aver 
age intensity and velocity. Such means may in 
clude any known type of “electron gun' and that 
illustrated constitutes only one example of many 
possible constructions. In the arrangement 
shown, the electron Source comprises a ther 
mionic cathode including a filamentary heater 
26 and an enclosing electron emissive cylinder 27. 
Surrounding the cathode as a whole there is pro 
vided a focusing electrode in the form of a con 
ducting tubular member 29, which is supported 
directly by an insulating bushing 30 and in 
directly by means of a second tubular member 
3. The latter member is secured to a trans 
verse barrier 32 which constitutes one boundary 
of a velocity modulating space. 

In the use of the device, the filamentary heater 
26 is energized by means of a suitable energy 
source, such as a battery 33, connecting with 
the heater. The focusing electrode 29 is main 
tained at cathode potential or at a potential 
which is slightly negative with respect to the 
cathode So as to concentrate the electrons 
emitted from the cathode surface into a beam 
of generally cylindrical outline. (A battery 34 
has been indicated as a source of biasing poten 
tial.) Such a beam may be given a desired 
velocity by impressing an appropriate potential 
between the cathode and the transverse dia 
phragm. 32, as by means of a battery 35. 
Somewhat Spaced from the conducting mem 

ber of diaphragm 32 there is provided a second 
diaphragm 37 which is maintained at an identical 
potential with the first diaphragm by being elec 
trically connected thereto as by a conductor 38. 
These diaphragms are respectively provided with 
central apertures 39 and 40 and form a modu 
lating chamber which is shielded from the beam 
Source or cathode. Within this chamber velocity 
modulation of the beam may be accomplished by 
means of a tubular control electrode 42 corre 
Sponding to the similar element described in con 
nection with Fig. 1. 

In the use of the device as an amplifier or 
detector, the potential of the electrode 42 may 
be alternately raised and lowered by impressing 
thereon a cyclically varying control potential. 
This may be derived, for example, from an an 
tenna, 43 feeding into a tuned circuit which com 
prises a condenser 44 and an inductance 45. 
Assuming the device to be in normal opera 

tion, the electron beam issuing from the opening 
40 will be velocity modulated. That is, it will 
be characterized by successive variations in elec 
tron velocity from point to point along the beam. 
The degree of modulation may be extremely 
slight if only weak control potentials are avail 
able but it may be changed into charge density 
modulation of a considerably higher order of 

2,192,049 
magnitude by conversion means now to be de 
scribed. 

In Fig. 3 the electron beam is shown as it is 
assumed to issue from the modulating space. It 
will be noted that at this time it comprises 
alternate spaced groups of fast electrons and 
slow electrons, the former being designated by 
black dots and the latter by light dots. 
In Fig. 4 the condition of the same beam at a 

Somewhat later period is illustrated. As shown, 
the fast electrons have caught up with the slow 
electrons so that definite irregularities in charge 
density distribution have been produced, corre 
Sponding to a high degree of charge density 
modulation. The change which has taken place 
is from its nature one that requires only the 
elapse of time and the absence of extraneous in 

O 

S 

fluences which might tend adversely to affect 
conditions within the beam. These requirements 
may be fulfilled by permitting the velocity modul 
lated beam to pass through a relatively long 
shielded space or "drift space' which is free of 
any but static potentials. 
The appropriate length of the drift space is 

determined by various factors including the beam 
velocity, the beam density and dimensions, and 
the nature of the external electrostatic or mag 
netic fields acting on the beam. Generally 
Speaking, the time required to realize maximum 
charge density modulation from a given velocity 
modulation is on the order of, but somewhat less 
than, the duration of a quarter cycle of the con 
trol potential divided by the per unit velocity 
modulation. The best length of the drift tube 
is this time multiplied by the average velocity 
of the beam through the tube and may be de 
termined experimentally for a given set of fixed 
electrical conditions. It is not necessary, as a 
practical matter, that the drift tube be of such 
length as to permit maximum conversion of the 
velocity modulation into charge density modul 
lation. A considerably smaller degree of con 
version will be effective to produce substantial 
amplification of the input potential-if that is 
the desired end result. 
The use of a drift space of appreciable length 

makes it necessary to take into consideration the 
inherent tendency of an electron beam to be 
come defocused or spread by virtue of the in 
herent dispersing effect of its own charges. This 
difficulty, insofar as it occurs in connection with 
the use of a drift space, may be substantially 
Overcome by a drift tube construction as illus 
trated in Fig. 2. In this case the drift space is 
surrounded by a plurality of electrically separate 
similar conducting members 50 to 54 of which 
alternate members are electrically connected to 
gether as shown. The end section 50 is pref 
erably operated at a relatively low potential (say, 
100 volts negative with respect to the boundary 
diaphragm 37) so that the average beam velocity 
is reduced as the beam enters the drift tube structure. By operating alternate ones of the 
drift tube elements at this potential while main 
taining the remaining elements at a relatively 
higher potential (say, 200 volts positive) a 
repetitive focusing of the beam may be pro 
duced as the beam traverses the drift space. 
Batteries 56 and 57 may be used to maintain 
the potential relationship referred to. 
The focusing effect specified may best be un 

derstood by reference to Fig. 5 in which are shown 
the drift tube elements 51, 52 and 53 together 
with a typical field plot of the equipotential 
Surfaces existing in the spaces between them. 
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The boundaries of the electron beam are indi 
cated by the dotted lines 59. 
In accordance with known principles of elec 

tron optics the various rays of the electron beam, 
as they leave the field-free space within the 
cylinder 5?, are subjected to a force perpendicular 
to the equipotential surfaces. A vector typifying 
such a force acting on the Outer boundary of the 
beam is indicated at F. It will be seen that this 
force has a component F tending to retard the 
beam and another component F" tending to 
cause outward dispersion of the beam. These 
components prevail until after the beam has 
passed the plane A which is midway between 
the elements 5 and 52. Thereafter, the forces 
acting on the beam are such as are indicated 
by the vector G and its components G' and G'. 
Of these, it will be seen that the transverse com 
ponent G' is in such a direction as to tend to 
re-concentrate : Or focus the beam. From the 
foregoing discussion it might be thought that the 
two effects just described Would precisely offset 
one another. That this is not the case is due 
to the fact that the beam is retarded during its 
passage between the elements 5 and 52 as a 
result of the potential difference which exists 
between them. Consequently the average ve 

30 

35 

locity of the beam in passing between the plane 
A and the boundary of the element 52 is less 
than that of the beam as it passes from the 
boundary of the element 5f to the plane A. As 
a result the beam is within the focusing field to 
the right of the plane A for a longer period than 
it is influenced by the focusing field to the left 
of the plane, and a net focusing effect is ob 
tained. 
A similar effect occurs in the space between 

the electrode 52 and the electrode 53, where 
acceleration of the beam takes place. Here the 
focusing effect is predominant as long as the 
beam is at the left of the plane B while the de 
focusing effect prevails to the right of such plane. 
Due to the different times during which these 
effects act, the focusing tendency exceeds the de 
focusing tendency. -- 

It is clear that focusing of the type above re 
ferred to can be repeated indefinitely by pro 
viding a succession of electrode elements charged 
alternately to high and low potentials. At the 
same time the average velocity of the beam Will 
not be greatly affected by such an electrode Sys 
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tem due to the fact that the accelerating effect 
of one electrode is offset by the retarding effect 
of the following electrode. By a judicious choice 
of geometrical and electrical relationships the 
drift space may be made of as great length as 
desired Without the occurrence of undue Spread 
ing of the beam. 

After passage of the electron beam through the 
drift space with resultant conversion of its velocity 
modulation into charge density modulation, the 
energy of the charge density modulated beam may 
be utilized in an external circuit. This may be 
accomplished, for example, by Surrounding the 
beam with a further tubular electrode 60 placed 
in a shielded space provided by the two boundary 
diaphragms 6 and 62. 
The electrode 60 is obviously coupled to the 

beam so as to be affected by the variations which 
occur in it. As explained in the aforesaid appli 
cation S. N. 153,602, if the electrode 68 is properly 
proportioned it may be caused to take energy 
from the beam in a manner which is, in a sense, 
the inverse of that which characterizes the action 
of the input electrode 42. This energy may be 

3 
imparted to a tuned output circuit comprising the 
combination of a condenser 64 and an inductance 
65, these being coupled to output terminals 66. 
After passage through the electrode 60 the beam 
may be collected by an anode 69 which is main 
tained at an appropriate positive potential. 
A modified application of the invention is shown 

in Fig. 6 in which all the electrode elements con 
stitute parts of the beam focusing system. In 
this arrangement the boundary diaphragms 32 
and 37 of Fig. 1 are replaced by cylinders TO and 
72 and the boundary diaphragms 6 and 62 are 
replaced by cylinders 78 and 80. The other ele 
ments are in substantially the same form as pre 
viously described, so that the electrode system as 
a whole comprises a series of similar cylinders 
numbered 70 to 80 inclusive. Alternate cylinders 
are maintained at a relatively high potential, for 
example, by connection to a battery 82, while the 
remaining cylinders are maintained at a relatively 
lower potential by connection to a battery 83. In 
this Way all the electrodes are caused to assist in , 
the focusing action. 
The particular form of focusing electrode is 

in no way essential to the purposes of the in 
vention. In Fig. 7 I have shown an arrangement 
of drift tube elements which may, in some cases, 
advantageously replace that of Fig. 2. In this 
embodiment the focusing elements are constituted 
of a series of hollow truncated cones, 90 to 94 
inclusive, positioned in end-to-end relationship so 
that alternate cones are oppositely directed. 
These cones are preferably maintained at alter 
nately high and low potentials such that the 
electron beam (indicated by the dotted lines 96) 
is caused to focus in the regions where the cone 
dimensions are Smallest. As a result of this 
disposition the dimensions of the cones are great. 
est at points where maximum defocusing of the 
beam occurS. Consequently, even at Such points, 
the outer elements of the beam do not approach 
the electrodes very closely and the collection of 
electrons is minimized. 

In Fig. 8, a further variation is shown which 
takes into consideration the fact that even with 
a focusing System. Such as that described there 
Will be certain components of the beam which 
are not maintained in focus. These components, 
which comprise electrons having a velocity ap 
precially different from the average beam velocity, 
are always present either due to randon effects 
or to the velocity modulation impressed on the 
beam by the control electrode structure. Assum 
ing that the focusing System is adjusted to have 
the desired effect on electrons travelling at the 
average beam velocity, there will be at least some 
electrons of different velocity which will not be 
properly controlled and which disperse outwardly 
toward the electrode Surfaces. 
By providing a series of focusing elements 98 

to 02 which progressively increase in diameter 
as one proceeds along the beam as shown in Fig. 8, 
one can minimize the number of electrons col 
lected. The greater diameter of the elements to 
the right permits a greater Cross-section of the 
beam without appreciable electron collection. 
The variation in the shape of the electrostatic 
field produced by increasing the diameter of the 
focusing elements may be offset by simultaneously 
increasing their length slightly so that the ele 
ments of greatest diameter are also of greatest 
length. An arrangement of this kind may be 
used, for example, in an electrode system such 
as that shown in Fig. 6. 
While I have described my invention especially 
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is equally applicable in other devices in which a 
concentrated beam is to be passed through a rela 
tively long space. Also the invention has utility 
where it is desired to produce curvilinear motion 
of the beam without permitting defocusing there 
of. In such use the focusing elements. should be 
arranged to surround the projected curved path 
)f the beam. 
While I have shown particular structural em 

bodiments it will be understood by those skilled 
in the art that many modifications may be made 
without departing from the invention. I, there 
fore, aim in the appended claim to cover all such 
equivalent forms as come within the true spirit 
and scope of the disclosure. 

Patent No. 2,192,Oh9. 
r GEORGE F. METCALF. 

2,108,049 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
In a discharge device, means for producing an 

electron beam, means providing an elongated 
space to be traversed by the beam, a series of hol 
low frustro-conical members, each arranged to 
Surround the path of the beam, alternate ones of 
said members being oppositely directed and means 
for causing repetitive focusing of the beam in the 
regions of least divergence of the conical mem 
bers, said last-named means including a circuit 
for applying a relatively high potential to alter 
nate ones of said members and a relatively lower 
potential to the remaining ones of Said members. 

GEORGEF. METCAF, 

CERTIFICATE OF CORRECTION 
February 27, 19).O. 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 3, first 
column, line 3!, for the word "focusing" read defocusing; same page, second 
column, line 29-50, for "apprecially" read appreciably; and that the said 
Letters Patent should be read with this correction therein that the same 
may conform to the record of the case in the Patent Office. 

Signed and sealed this 9th day of April, A. D. 19).O. 

. (Seal) 
Henry Van Arsdale, 

Acting Commissioner of Patents. 
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CERTIFICATE OF CORRECTION. 
Patent No. 2,192,oh9. W February 27, 1920. 

- GEORGE F. METCALF. 
It is hereby certified that error appears in the printed specification 

of the above numbered patent requiring correction as follows: Page 5, first 
column, line 5, for the word "focusing" read defocusing: same page, second 
column, line h9-50, for "apprecially" read appreciably; and that the said 
Letters Patent should be read with this correction therein that the same 
may conform to the record of the case. in the Patent Office. 

signed and sealed this 9th day of April, A. D. l9).O. 

Henry Van Arsdale, 
(Seal) Acting Commissioner of Patents. 


