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1

This invention relates to velocity filters for
electron beams and more particularly to thermi-
onic discharge tubes utilizing monokinetic beams
of low-velocity electrons.

It is already known to filter high-velocity elec~
tron beams in which high-intensity electromag-
netic fields may be easily utilized for separating
the electrons into substantially monokinetic
beams.

However, in electronic devices or thermionic
discharge tubes which utilize accelerating poten-
tials approximately equal to the mean initial
velocity of the generated electrons, i. €. in devices
operating with accelerating potentials of the order
of a few volts, filtering of the electrons consti-
tutes a rather difficult problem for which, so far
as I am aware, no satisfactory solution has heen
found as yet. .

One of the main difficulties encountered in
filtering low velocity electrons consists in that
the intensity of the electromagnetic fields which
could be used for filtering purposes decreases to
values falling within the range of the intensity
of the terrestrial field during magnetic storms,
so that even with special shielding materials and
devices it is almost impossible to maintain the
path-controlling magnetic fleld within the pre-
determined values.

However, I have now found that low-velocity
electrons possess some inherent characteristics
which may be used advantageously for filtering
purposes. In fact, low-velocity electrons have
relatively large associated wave lengths varying
from 5.5 A. for accelerating potentials of the
order of 5 volts to 17.3 A. for accelerating poten-
tials of the order of 0.5 volts in accordance wit
the Broglie wave length formula. :

Hence, even for electrons moving with nearly
like velocities the associated wave lengths differ
by considerable values, so that by directing the
electron beam toward an adequate diffracting
lattice structure, the electrons of the diffracted
heam will be distributed according to the veloci-
ties thereof, thus making it possible to select a
bundle of electrons having like velocities by means
of an apertured diaphragm located inn the path
of the diffracted-electron beam. Consequently,
the electrons passing through the diaphragm
aperture can be regarded as a monokinetic elec-
tron beam containing electrons of substantially
like velocities determined by the glancing angle
of the incident electron heam, the “grating dis-
tance” of the diffracting lattice structure, and
the position of the diaphragm aperture within
the area of the diffracted electrons, the velocity
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range of the monokinetic electron beam being
further determined by the dimensions of the
aperture.

Tt is therefore one of the main objects of the
present invention to provide, in thermionic dis-
charge tubes, a simple and effective means for
obtaining a monokinetic beam of low-velocity
electrons. .

A further object of the present invention is to
provide, in thermionic discharge tubes, a velocity
filter for low-velocity electrons, the filtering char-
acteristics of which can be varied over a continu-
ous range of electron velocities.

These and other objects and advantages of the
invention will be apparent from a consideration
of the following detailed specification taken in
connection with the drawings which form part of
the specification, and wherein:

Fig. 1 is a schematic longitudinal section of a
thermionic discharge tube incorporating an elec-
tron-velocity filter according to my invention;

Pig. 2 illustrates a modification of the electron-
velocity filter shown in Fig. 1;

Fig. 3 shows another modification of the elec-
tron-velocity filter allowing of a coaxial mounting
of the discharge tube elements; . o

Fig. 4 is a cross section of the thermionic dis-
charge tube taken at arrows 8—4 of Fig. 3;

Fig. 5 shows another modification of the elec-
tron-velocity filter illustrated in Fig. 2; and :

_ Pig. 6 illustrates a thermionic discharge tube
similar to that shown in Fig. 4 but utilizing the
electron-velocity filter of Fig. 5.

The same reference characters or numbers in-
dicate like or corresponding parts or elements
throughout the drawings.

Referring to Fig. 1, there is shown a thermionic
discharge tube comprising an evacuated L-shaped
tubular envelope 10 the shorter leg of which in-
cludes an electron gun {{ connected by means of
terminals 12 and (38 to an adequate power sup-
ply source not shown in the drawings. The elec~
tron beam, emerging from an electron gun it at
the orifice 18, is accelerated and shaped into a
convergent beam [5 by means of an electrostatic
lens system 18 constituted by a first and second
anode 16’ and 16’’, respectively, each connected
to an intermediate potential of a direct current
supply 17, the negative pole IT’ of which is con-

nected to terminal {3 of electron gun [i, while

anode 16’’ is also connected to ground. The low-
velocity electron beam {5 is focussed on a point
18 and penetrates into a diffraction zone {9 lim-
ited by the second anode {6’’ of electron lens
system 16 and a diaphragm 20 also connected to
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ground and provided with an aperture 21 so that
substantially all points of diffraction zone {9 are
at the same potential.

The convergent electron beam §3 is directed
toward a diffraction element 22 of regular lattice
structure located midway between orifice 14 and
focus 18 and havibg a substantially plane diffract-
ing surface 22’ placed at an angle of 45° with re-
spect to the direction of the incident electron
beam 15, so that a glancing angle 6: of 45° i§
formed between diffraction surface 22’ and the
incident electrons. 'The diffraction element 22’
can be formed by a nickel or quartz plate, the
choice of the material depending upon the lat-
tice structure desired. Preferably, the reﬁectmg

[}
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beam {5’ is solely determined by angle 62 between
aperture 21 and diffracting surface 22°, and is not
influenced by the distribution of electron veloci-
ties in incident electron beam [5. Hence, the
electron velocity filter incorporated in the ther-
mionic discharge tube shown in Fig. 1 operates
as a “high-pass” electron-velocity filter, since ap-
erture 21 of diaphragm 29 is located at a mini-
mum angle ¢z with respect to diffracting surface
22°,

© - The monockinsgtic and focussed electron beam

surface of the plate is cut with certain crystal~

lographic orientation angles with réspect to the
crystallographic axes of the material.

It has been shown by de Broglie that electrons

moving at a velocity rauch below that of light
with kinetic éhergy equal to V electron-volts
have associated a wavé length which' is given in
angstroms by the formula

_l12.2¢4.
NV

Now, since diffraction element 22, which may be
formed of a crystal or metal having an adequate
lattice structure, may be regarded as a plane grat-
ing of grating space d equal to the distance be-
tween the atom rows of the lattice structure; the
incident electron bédm 5 will -be diffracted in
accordance with dé Bragg’s formula nA=d sin 61
where A is the wave length; ¢:1 the glancing angle
of the incident electrorn beam 15, d the grating
space of thé lattice structure and 7 any positive
integer. With a fiXed angle of incidence; the
electrons of the diffractéed beam 15’ will be dis-
persed over a relatively wide area covering a defi-
nite range of anglés ¢z, formed between the dif-
fracted ‘electrons of beam 15’ and the plane dif-
fracting surface 22’. . For éach angle ¢z the dif-
fracted electrohs will have an  associdted wave
length in accordance with de Bragg’s formula.
Hence, in the diffracted-beain ¢5" the electrons
will bé distribiited i accordance with-their ve-
locity, electrons of lower velocity corresponding
to larger angles o5 and vice versa. - Thé distribu-
tion of the elecirors withini. the dispersed dif-=
fracted electron beam #5° will depend naturally
upon the distribution of thie mean electron veloci-
ties present in thé incident heam {5, so that the
maximum and minimum values of 62 are deter-
niined by the minimum and maximum velocity
of the electrons emerging from orificé {48 of gun (1.
" However, althotugh scattered; the electrons of
diffracted béam 15~ will be focussed -on a line
which; in first approximation; can be represented
by a circle 23 drawn with the distance between
plane diffracting surface 22’ and focus i8 asa ra-
dius; and aperture 21 -of diaphragm -28 is located
to coincide precisely with a point on the circum-
ference of circle 23 which forms a minimum angle
62 with diffracting plane 22',-so that the elec-
trons emerging from diaphragm aperture 2! will
form a monochromatic and - focussed electron
beam 15’ contaming electrons of very ]1ke ve-
loc1t1es since the- diameter of aperture 21 can be
made as'small as desired.

Tt will be understood that, in the positlon shown
of aperture 21, eléctron gun it together with dif-
fractlon element 22 and diaphragm 20, cohsti-

20

15’7 emrierging’ from diaphragm aperture 21 should
be regarded as_a tool prepared for further elec-
tronic work in devwes requiring a practically per-
fecb definition of &lectron velocity. In the ther-
mionic dlscharge tube shown in Fig. 1 the mono-~
kingtic electron beam 15’’ traverses modulation
means indicated with the general reference nu-
meéral 24 in which the electron beam can be
transformed or modulated in accordance with
the partlcular perfmmance characteristics of the

. therrmomc dlscharge tube in response to a modu-
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tutes an electron velocity filter havirg g predeter- :

mmed and fixed ﬁ}termg ‘characteristic, since the
mean velocity of the electrons in monokinetic

75

lation potential ‘applied to terminals 25 and 26
connected fto modulation means 24. Collector .
eIectrode 21, connected to the positive pole 1T’
of D. -C. supply {7 ‘through a load impedance
23 may be formed of a ﬂuorescent screen only,
or may be constituied by dn apertured target
electrode, while load impedance 28 may be a
pure: re51stance a resonant circuit; or a mere
condictor in the case of a thermionic discharge
tube utilizing & ﬁuorescent screen as indicating
means.

In the thermionic dlscharge tube of Fig. 1, the
mcmer\t electron bezam (5 is focussed by means
of an electrostatlc lens vystem 16, the electron
velocity of idonokinetic heam {5’ belng deter-
mined by the position of diaphragm aperture 21.
The thermwmc dlscharcre tube shown in the
drawmg of F1g 2~dlf”els from that of Fig. 1 in
that the 1n01dent and the diffracted electrons are
travelhng in dlvergcnt beams and that focussing
of uhe -electrons is apphed to the ‘monokinetic
oeam eme1 ging from dxaphl agm aperture 21. For
thls puxpose a lens eys’cem designated with gen-
elal referenice numelal %9 and connected to an
intermediaté potential of D.-C. supply 11, is lo=
cated between diaphragm 28 and modulation
means 24 of the tube, the diffraction zone 19’ of
wlﬂxch is hmlted by an acccleratmg anode 38 and
the ,diaphragm 23, both connected to ground po-
tential. Furthermore, diffraction zone 19’ in-
cludes a pair of defiector plates 3{ and 32 con-
nected to control terminals 38 and 24, respec-
tively,-so that, by applying an adequate potenmal
tO these terminals .thea{ngie of incidence of elec-
Vaned Wlthm celtam umlfs as shown by the
dotted lines 25 and 35, Consequen*ly, the velocity
of the electrons in the monokinetic electron beam
15’ will vary in accordance with the control po-
tential applied to control terminals 33 and 24,
S0 that a monokmetlc electron beam of adjustable
mean vélocity can be obtained.

Although the electronic performance of thermi-
onic discharge tubes shown in Figs. 1 and 2 is
quite satisfactory, the L.-shaped envelope {3 con-
stitutes a constructive disadvantage which, under
some circumstances, may restrict the utilization
of the thermionic discharge tubes including the
electron monochromator or velocity filter accord-
ing to this invention.

Figs. 3 and 4 of the drawings show a longitudinal
and cross section of & thermionic discharge tube,
respectively, comprising a tubular envelope {0,
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wherein the different construction elements of
the tube can be connected to the contact pins of
a standard base, if desired. As can be seen in the
drawing, electron gun i1, electrostatic lens system
16, diaphragm 28, modulating means 24 and col-
lector electrode or target 29 are coaxially mounted
on & virtual axis parallel to that of tubular enve-
lope 19’ and coinciding with the axis of gun 1.
Diffraction zone or chamber 19 is limited, similar
to that of Fig. 1, by the second anode 16"’ of elec-
trostatic lens system 16 and diaphragm 20 and
includes diffraction element 22 provided with a
plane diffracting surface 22’. However, diffrac-
tion element 22 is not located in the direct path
of the convergent electron beam {5 emerging
from orifice #4 of electron gun i1, but is placed
in a plane paralle] to the axis of envelope {8’, and
convergent beam {5 is deflected toward diffract-
ing surface 22’ by means of a magnetic field per-
pendicular to the plane of the drawing and gen-
erated by a pair of coils connected in series to
control terminals 38’ and 34’ to which an ade-
quate D.-C. supply source (not shown in the
drawing) is connected. The controlling magnetic
field, formed as the sum of the individual mag-
netic fields schematically indicated with arrows
38 in the drawing of Fig. 4, also deflects the dif-
fracted electrons towards diaphragm 20 and the
diffracted electron beam 15’ will be dispersed over
a relatively wide area in a manner similar to that
shown in Fig. 1. Hence, the electrons emerging
from aperture 21 of diaphragm 29 form g mono-
kinetic beam including electrons the mean ve-
locity of which is determined by the position of
the diaphragm aperture 21 within the area of the
diffracted beam 15’. However, by varying the
amplitude of the magnetizing D.-C. voltage ap-
plied to control terminals 33’ and 34/, i. e. by vary-
ing the intensity of the electromagnetic field gen-
erated by coils 37, the glancing angle 61 of the
incident electron heam 1% may be varied within
certain Ilimits, so that an adjustable velocity mono-
kinetic electron beam will be obtained.

The position of diaphragzm 20 in the thermionic
discharge tube SI\!O‘Wn in Figs. 3 and 4 is elected
so that the sum of the mean trajectories of the
incident and diffracted electron beams {5 and {5,
respectively, is substantially equal to the focal
distance of electrostatic lens system {8, so that
monckinetic electron beam {5’ emerging from
diaphragm aperture 21 is focussed to obtain 2
maximum concentration of the electrons.

In' the thermionic discharge tubes shown in
Figs. 1 to 4, the focussing of either the incident
or the monokinetic electron beam is obtained by
means of suitable electron lens systems. The
focussing of the electron beam can also be ob-
tained by utilizing a concave diffraction element
mounted in a manner similar to that used by
Rowland for his spectroscope (A, C. Hardy and
., H. Perrin, The Principles of Optics, 1932, pg.
563).  As can be seen in the drawings; the thermi-
onic discharge tube shown in Fig. 5 is similar to
that disclosed in Fig. 2, with the only difference
that a diffraction element 39 having a concave
diffracting surface 39’ is utilized in the diffraction
Zone 19" which is‘also provided with deflector
plates 81 and 32 for varying the glancing angle
of incident electron beam I5. 'The curvature of
concave surface 39’ corresponds to a circle 40

passing through orifice {4 of electron gun 11 and

diaphragm aperture 21, while the lattice structure
of the diffraction element 39 is curved with a
radius equal to the diameter of circle 40. Due to
this arrangement, the divergent electron beam 15

6

- containing electrons of different velocities will be
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diffracted as a plurality of convergent mono-
kinetic beams focussed on different points located
on the circumference of circle 48, as indicated by
beams 18': and {52 in the drawing of Fig. 5.

The aperiure 21 of diaphragm 20, being located
gt the focus of electron beam 15’1 will thus con-~
stitute a source of a concentrated monokinetic
electron beam (5’’, containing electrons the ve-
locity of which is determined by the position of
diaphragm aperture 21 with respect to diffracting
element 3% and orifice 14 of electron gun (I, By
varying the glancing angle of incident electron
heam 15, the velocity of the monokinetic electron
beam {5 can be also adjusted within certain
limits, as already explained hereinbefore with
reference to the eléectron velocity filter incorpo-
rated in the thermionic discharge tube shown in
Fig. 2. In the thermionic discharge tube shown
in. Flig. 6 the concave diffracting element 39 is
mounted in a way similar to that of plane diffrac-
tion element 22 in the tube disclosed in Fig. 3, so
that the electron velocity filter including concave
diffracting element 39 can also be used in a
thermionic tube comprising a tubular envelope
19’, the diffraction zone {9’' of the tube being
limited by an accelerating anode 30 and the
apertured diaphragm 28 both connected to
ground. The deflection of the incident and dif-
fracted electron beams 15 and 5, respectively, is
obtained by means of an electromagnetic field
generated by coils 31, as already explained here-
inbefore with reference to Fig. 3.

While T have indicated and described several
embodiments of thermionic discharge tubes in-
corporating electron velocity filters in accordance
with my invention; it will be apparent to one
skilled in the art that many modifications may be
made without departing from the scope of my in-
vention, as set forth in the appended claims.

I claim: '

1. A thermionic discharge tube comprising an
evacuated envelope containing means for gen-
erating a beam of electrons, electrode means for
accelerating and directing said electron beam to &
diffraction element having a substantially regu-
lar lattice structure to produce a diffracted beam
of electrons dispersed in accordance with the re-
spective velocities thereof, a diaphragm provided

~with an aperture and located in the path of the

diffracted electron beam to produce an emergent
beam of substantially monokinetic electrons the
velocity of which is determined by the glancing
angles of the incident beam and said monokinetic
electrons with respect to the diffracting surface
of said diffraction element, said accelerating elec-
trode and said apertured diaphragm being elec-
trically interconnected to form a substantially
equipotential space including said diffraction ele-
ment, means to vary the initial velocity of said
accelerated electron beam to vary the velocity of
said emergent monokinetic electron beam, and a
target electrode to collect the said monokinetic
electron . beam. )

2. A thermionic discharge tube including an
evacuated envelope containing means for pro-
ducing, accelerating and focusing a beam of elec-
trons to a diffraction element, said element hav-
ing a lattice structure arranged so as to disperse
the said electrons with respective velocities ap-
proximately as a function of the glancing angles
of the incident beam, electron barrier means pro-
vided with an opening positioned in the path of
the said diffracted heam so as to pass monokinetic
electrons of approximate like velocity, said bar-
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rier ‘means “and -sald - accelerating ‘means being
electrically: interconnected so-as. t6. include the

said ‘giffraction element: in a substantially .equi- -

potential space, means to vary the initial velocity.
of the said beam thereby to vary the velocity of

said passed elettrons, means to modulate the said

passed eleetrons -in aceordance with electric. con-
trol enérgy; and a-target electrode to collect the
said modulated passed electrons. - .

3. A thermionic discharge:tube. comprising an

evacuated énvelope-and within ‘the envelope an-

electron diffraction element; means for producing,
accelerating, and focusing:a beam of elecirons to~

ward sdid ‘diffraction -element, said element hav-..

ing a:lattice structure arranged:to disperse the
said electrons in divergent directions propoertional
to the réspective velocities thereof, electron bar-
rier mearns provided with an.opening positioned

in the path of the said dispersed electrons to pass .

a. monckinetic beany of electrons -of substantially

like velocity, said barrier means:and said accel-:
erating ‘means-being . electrically interconnected :-

-to provide & substantially equirotential space en-

closed i said ‘diffraction ‘element; o target -elec-.

trode t0:collect- the said passed electron beam,
and means-intermediate said -opening-and said

target electrode to'modulate the said passed elec~ """
tron beawmin:accordance with-electrical control.

energy.: o
4. A thermionic .discharge tube:comprising an

evacuatedenvelope and within the envelope:an:

electron. diffraction element, means to'generate a

beam of electrons and to focus- and direct said -

. electron - beam - teward said diffraction -element;
said element having & 'lattice gtructure arranged

to disperse the said electrons in: divergent direc- =
tions proportional tothe velocities thereof, a dia--"'*

phragm provided with an -aperture positioned in

the path of ‘the saif dispersed electrons to pass a -

monckinetic kéam of electrons of substantially

like velocity, said diaphragm and said focusing ..

and directing ‘means being electrically intercon-

nected-and enclosing the said diffraction element:
“in a8 substantially -equipotential space,: motarget.

electrode to.collect the sdid passed electronbeam
said gene

modilate said passed electron beam: -

5. A-thermionic:discharge tube’ comprising an-

ecvacuated -envelope and within:the envelope an

electron diffraction. 'element, means -for generat- - :

ing g beam of electrons; means to accelerate and

direct said -electron beam toward said diffraction:
element, said elernent having a -substantislly reg-
ular lattice structure-arranged to disperse by dif- -

Iraction the said electrons in divergent directions
according: to: the respective  velocities thereof,
electron barrier means provided with -an-opening
rositioned:in the path of the said dispersed elee-

trons to pass & monokinetic' beam of electronsiof -
substantially like Velocity; said barrier means.gnd -
sgid accelerating and directing means being elee-:

trically interconnected and enclosing the said dif-
fraction element in-a ‘substantially equipotential
space; $aid ‘accelerating and directing means in-
cluding beam defiecting means to vary the angle
of incidence of said gerierated electron beam on
said diffraction element thereby to vary the veloc-
ity of the passed electrons, a targeét electrode to

collect the said passed electron 'heam, and means -
intermediate said -opening and said ‘target elec-"

trode-to'modulate said passed-electron beam.
6. A“thérmionic dischiarge tube’comprising an

Tating,” focusing, mand ‘directing: means:
heing adapted to vary the velocity of theglectrons. .
of the passed electron beam, and means intermes o -
diate:said :aperture ‘and said target eleéctrode:to:

IR

8 -
- evacuated envelope and within the.envelope a dif= +-
-fraction element, means for generating a beam of:
electrons;  means::to accelerate and direct said
" -electron: beam: toward said diffraction element,
5. said -element having a substantially regular lat-
tice structure arranged-to disperse by diffraction-
‘. .- the said electrons in divergent directions propor-
.- *tional to-the respective velocities fhereof, electron
barrier means: provided with an opening: posi-
+10 1 tioned in the path of the said dispersed electrons
. ~to passva-monokinetic beam of electrons-of sub-
... stantially like velocity, said barrier means and
- sald generating means being eleetrically intercon-
nected:gnd enclosing the said diffraction element
157 in-a substantially equipotential space; said accel-
.. erating rand -directing means' including electro-
v gtatiesbeam deflecting means:-to vary the angle -
of incidenceé of said generated electron beam on
said -diffracting surface in accordance with elec~
20 trieal:control energy, 2 target electrode to collect
© . the gaid passed-electroni-beam, and means inter-
‘mediate said opening and said target electrode to
modulate: said passed electron beam,

7. A'thermionic discharge tube comprising an
~ g5 evacuated envelope and within said envelope an
ielectron - diffraction element, means for generat-
-ing a beam of electrons, means to accelerate and
- direct: said electron beam toward said diffraction

element, said element having a substantially reg-
gt ular tlatéice” structure arranged to disperse by
. diffraetion the said electrons in divergent direc-
-.tions propertional - to the . respective :velocities
‘thereof, electron barrier means provided with an
cpening positioned in' the path of the said dis-

35 persed-electrons to pass a monokinetic beam of
- -electrons of substantially like velocity, said bar-

§F e

- .rier means and said generating means being elec-
- {rically -inhterconnected and enclosing the said
cdiffraction ¢lement in a substantially equipoten-
. 4o-tigl spdce; said accelerating and directing means
including-magnetic field beam deflecting means:
t0 vary the angle of incidence of said generated
r-electron beam on said diffracting surface in ac-
‘= cordance with electrical control energy, a target
43 electrode to colleet the said passed electrons, and
~means Intermediate gaid opening and said target
- electrode - to: modulate said passed electron beam.
8. A thermionic discharge tube comprising an
..;evacuated envelope, and within said envelope an
50 electron diffraction element, an electron gun pro-
« ~vided with an ‘electron lens system to produce s
.- beam of electrons directed toward said dgiffraction
--element;: said element having a lattice structure
< - arranged to disperse the said electrons in diver-
55 gént ‘directions proportional to the respective ve-
- locities ‘thereof, -electron barrier means provided
. with~an opening' pcsitioned in the path of the
;sald rdispersed electrons to pass a monokinetic
.-y, beant -of electrons of substantially like velocity,
607 said ‘balrier means and said electron gun means
- .. being-electrically interconnected and enclosing
i the said- diffraction element in a substantially
i equipotentlal space; the sum of the mean paths
.. of the iricident electron beam and the diffracted
05 electron ‘beam-to said opening being substantially
w#5equal-to the fotal distance-of said electron lens
- system;- a target electrode to collect the said
-t passed -électron beam, and meéans intermediate
-igaid -opening ‘dnd said target electrode to modu-
70 1&fe said passed electron ’beam.
9. A-thermionic discharge tube comprising an
- evacuated envelope, and within the envelope an
- electron- diffraction element having a surface the
cross-section of which'is a concave substantially
%5 circular’ line, ‘means for generating a beam of

e
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electrons, an electron lens system for focusing
said beam of electrons and directing said beam
toward said surface, said element having a sub-
stantially regular lattice structure at said surface
elastically curved in the plane of said cross-sec-
tion with a radius of curvature substantially equal
to the diameter of the circle of said difiracting
line, said beam being diffracted by said element
to disperse the said electrons with respective
velocities approximately as a function of the
glancing angles of the incident and diffracted
beams, electron barrier means provided with an
opening positioned in the path of the said dif-
fracted electrons to pass a monokinetic beam of
electrons of substantially like veloeity, said barrier
means and said lens system being electrically
interconnected and enclosing the said diffraction
element in a substantially equipotential space, the
sum of the mean paths of said incident beam and
the diffracted beam to said opening being sub-
stantially equal to the focal distance of the said
electron lens system, the said circle passing sub-
stantially through the source of said incident
beam and through said opening, means to vary
the velocity of the electrons of said passed beam
in accordance with electrical control energy, a
target electrode to collect the said passed electron
beam, and means intermediate said opening and
said target electrode to modulate said Passed
electron beam.

10. A thermionic discharge tube comprising an
evacuated envelope, and within the envelope an
electron diffraction element having a surface the
cross-section of which is a concave substantially

circular line, means for generating a beam of g

electrons, an electron lens system for focusing
said beam of electrons and directing said beam
toward said surface, said element having a sub-
stantially regular lattice structure at said surface
elastically curved in the plane of said cross-sec-
tion with a radius of curvature substantially equal
to the diameter of the circle of said diffracting
line, said beam being diffracted by said element
to disperse the said electrons approximately as a
function of the respective velocities thereof, elec-
tron barrier means provided with an opening
positioned in the path of the said diffracted elec~
trons to pass a monokinetic beam of electrons of
substantially like velocity, said barrier means and
said electron gun means being electrically inter-
connected and enclosing the said diffraction ele-
ment in a substantially equipotential space, the
sum of the mean paths of said incident beam and
the diffracted beam to said opening being sub-
stantially equal to the focal distance of the said
electron lens system, the said circle passing sub-
stantially through the source of said generated
beam and through said opening, said electron lens
system being adapted to vary the velocity of the
electrons of the passed beam in accordance with
electrical control energy, a target electrode to
collect the said passed electron beam, and means
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intermediate sald target electrode and said open-
ing to modulate said passed electron beam.

11. A thermicnic discharge tube comprising an
evacuated envelope, and within the envelope an
electron diffraction element having a surface the
cross-section of which is a concave substantially
circular line, means for generating a beam of
electrons, an electron lens system for focusing
said beam of electrons and directing said beam
toward said surface, said element having a sub-
stantially regular lattice structure at said sur-
face elastically curved in the plane of said cross-
section with a radius of curvature substantially
equal to the diameter of the circle of said dif-
fracting line, said beam being diffracted by said
clement to disperse the said electrons with re-
spective velocities approximately as a function of
the glancing angles of the incident and diffracted
beams, electron barrier means provided with an
opening positioned in the path of the said dif-
fracted electrons to pass a monokinetic beam of
electrons of substantially like velocity, said bar-
rier means and said electron gun means being
electrically interconnected and enclosing the said
diffraction element in a substantially equipoten-
tial space, the sum of the mean paths of said
focused beam from said lens system to said ele-
ment and the diffracted beam from said element
to said opening being substantially equal to the
focal distance of the said electron lens system,
the said lens system being adapted to vary the
angle of incidence of said focused beam on said
element in accordance with an electrical control
quantity, the said circle passing substantially
through the source of said focused beam and
through said cpening, a target electrode to col-
lect the said passed electron beam, and means
intermediate said opening and said target elec-
trode to modulate said passed electron beam.
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