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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 poien-
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 T am aware, no satisfactory solution has been
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 field within the pre-
defermined 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 volis 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
hy 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
hundle of electrons having like velocities by means
of an apertured diaphragm located inn the path
of the diffracted electron beam. Consequently,
the electrons bpassing through the diaphragm
aperture can be regarded as a monokKinetic elec-
tron beam containing electrons of substantially
Iike velocities determined by the glancing angle

of the incident electron beam, 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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2 |
range of the monokinetic electron beam being
surther determined by the dimensions of the
aperture. | |
Tt is therefore cne of the main objects of the
present invention to provide, in thermionic dis-
charege tubes, a simple and effective means for
obtaining a monokinetic beam of jow-velocily
electrons. . o
A further object of the present invention is to
provide, in thermionic discharge tubes, a velocity
alter 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;
Fig. 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; R
Fig. 4 is a cross section of the thermionic dis-
charee tube taken at arrows 8—4& of Fig. 3; .
Fig. b shows another modification of the elec-
tron-velocity filter illustrated in Fig. 2; and N
Fig. 6 illustrates a thermionic discharge tube
similar to that shown in Fig. 4 but utilizing the
electron-velocity filter of Fig. . o
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 i connected by means of
terminals 12 and 13 to an adequate power sSup-
ply source not shown in the drawings. The elec-
tron beam, emerging from an electron gun 11 at
the orifice 14, is accelerated and shaped into &
convergent beam [9 by means of an electrostatic
lens system 186 constituted by a first and second
anode 16’ and (6’’, respectively, each connected
to an intermediate potential of a direct current
supply 11, the negative pole - {1’ of which is con-

nected to terminal {3 of electron gun 11, while

anode 16’7 is also connected to ground. The low-
velocity electron beam (5 is focussed on a point
{8 and penetrates into g diffraction zone 19 lim-
ited by the second anode 16’’ of electron lens
system 16 and a diaphragm 20 also connected to -

I’
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ground and provided with an aperture 21 so that
substantially all points of diffraction Zone 95 ere
at the same potential.

The convergent electron beam (5 is directed
toward a diffraction element 22 of reguliar lattice
structure located midway between orifice {4 and
focus 18 and havihg a substantially plane di: Tract-
ing surface 22’ placed at an angle of 45° with re-
spect to the direction of the incident electron
beam 19,
formed between diff
incident electrons.

The di

so that a glancing angle 61 of 45° is
Taction snrface 22’ and the"-. |
raction element 22’ -

ot

10

4

beam 15’ is solely determined by angle 92 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’ “hlgh-pess” 'electron-velomty filter, since ap-
erture 21 of diaphragm 290 is located at a mini-

mum angle ¢z with respect to diffracting surface

22’.

- -The nionokinétic and focussed electron beam

can be formed by a nickel or quartz plate, the
choice of the material depending upon the lat-

tice structure desired. Preferebly, the re ectmg

15

surface of the plate is cut with certain crystal~
lographic orientation angles-with réspect te the -

crystallographic axes of the material.

It has been shown by de Broglie that électrons -

moving at a velocity much below that of light
Wlth klnetlc energy equel to V eleetren-volts
have asscciated a wave length which 1s gwen in
angstroms by the fermule

?\%- 12.24 :

NOW, since difiraction eiement 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 beam $3 will ‘be diffracted in

accordance with de Bragg’s formula n.A=d sin 6
where A is the wave length; ¢1 the glancing angle
of the incident electron 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 aresg covering a defi-
nite range of angles ¢2, formed between the dif-
fracted electrons of beam (5 and the plane dif-
fracting surface 22’.  For €ach angle ¢2 the dif-
fracted electrons Wﬂl have an associated wave
length in dccordance with de Bragg’s formula.:
Hence, in the diffracted-beam 15" the electrons

will bé distribuited ia accordance with-their ve-

20

5" emerging from diaphragm aperture 21 should
be regarded as a tool prepared for further elec-

~tronic work in devwes requiring a practically per-
fect definition of électron velocity. In the ther-
‘mionic discharge tube shown in Fig. 1 the mono-
kinétic eléectron beam 15’ traverses modulation

means indicated with the general reference nu-
meral 24 in which the electron beam can be
transformed or modulated in accordance with

the pe;rtleuler perfermance eheraeterlstles of the

: thermlonlc dlscharge tube in response to a modu-

30

locity, electrons of lower velocity corresponding

to larger angles 05 and vice verss.  The distribu-

tion of the elecirons within the dispersed dif-

fracted electron beam 5" will depend naturally
ubon the distribution of thie mean elec¢tron veloci-
ties present in the incident beam 5, 'so that the
maximum and minimum values of 62 are deter-

mined by the minimurr and maXimum velocity -

of the electrons emerging from orifice {8 of sun 1.

50

55

However, altholigh scattered; the electrons of

diffracted beam (8 will be focussed on a line
which, in first approximation; can be represented
by & circle 23 drawn with the distance between

plane diffracting surface 22’ and focus {8 as a 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
02 with diffracting plane 22, so that the elec-
trons emerging from- dle,phregm eperture 21 will
form a monochromatic and - focussed electron
beem 15” conteming electrons ef. Very 11ke ve-
locltles since the dle,meter of aperture 2§ can be
mede as small as desired.

- It will be understeed the,t in the positlon shewn
of apérture 21, eléctron gun {1 together with dif-
fraction element 22 and diaphragm 20, consti-
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tutes an electron velocity filter having a predeter- '

mmed and fixed ﬁ}termg characterlstle since the

mean veloclty of the electrens 1n monokmetic

lation potential -applied to termlnels 29 and 26
connected to module,tlen means 24. Colleetor.
eIectrede 27, eennected to the pesltlve pole 717’
of D C supply (7 threugh a load impedance
28 mey be formed of a ﬂuerescent screen only,
or may be constituted by an apertured target
electrode, while load impedance 28 may be a
pure remstence ¥ I:ESOD.&IIt mrcult Or a mere
tube utlhzmg a ﬂueresc nt screen as indicating
means.

- In the thermiornic dlseherge tube e:f Fig. 1, the
mele.ent electron beam (5 is focussed by means
of an electroste,tle lenis uystem 16, the electron
velocity of monokinetic beam i5” being deter-
mined by the position of diaphragm epertnre 21,
The thermwmc dlseherfre tube shewn in the
dramng of Flg 2 - duJ_EIS from that of Flg 1 in
that the 1nczdent and the diffracted électrons are
travelhng in divergent beams and that focussing
of uhe EIECLIOI}.S is a,pphed to the monokinetic
eeem eme1 gmg frorn dlaphi agm eperture 21, For

- this puzpeee a lens systezn designated with gen-

eml reference numel gl 22 and connected te an
intermediatée potential of D.-C. su.pply [7, is lo~
cated between diaphragm 28 and meduletmn
meens 21’3 of the tube Lhe dlf"""ectmn zone 19’ of
Wl ich is 11m1ted by an eeeelemtmg anode 30 and
the diaphragm 29 beth connected to ground PO-
tential. Fulthelﬁere,_ diffraction zone 19’ in-
cludes a pair of defiector pletes 34 and 32 con-

,neeted se contrel telnnnels 33 and £4, respec-

tively,- SO the,t by epp]ymg an adequete potentlal
to these termlnsﬂs the angie of incidence of elec-
tron beam {5 on diffracting surfece 22’ may he
Vened w1thn1 eelteln nmlfs a5 shewn by the
dotted lines 25 and 36. Consequen*ly, the velocity

of the eleetrens in the monokinetic electron beam

{5 will Ve.ry in accordance with the control po-
tentlel epphed te control terminals 33 and 34,
SO that a meneklnetlc eléctron beam of adjusteble
mean velomty cen be o-btelned

Altheugh the elecironic performance of thermi-
onic discharge tubeés -shown in Figs. 1 and 2 is
quite setlsfeetery the L-shaped envelope 1 con-
stltutes a constr uctive dlsadventege which, under
soe. elrcumstenees may restrict the utlhzstlon
of the thermmnlc dlschelge tubes including the
electmn monochromator or veleclty filter accord-

-1ng to this invention.

Flgs 3 and 4 of the drewmgs shew a longitudinal

- gnd Cross seetmn of a thermionic discharge tube,

75

_respectively, comprising a tubuler envelepe {6,
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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 20, modulating means 24 and col-
lector electrode or target 29 are coaxially mounted
on & virtual axis parallel to that of tubular enve-
lope 10’ and coinciding with the axis of gun 1.
Difiraction 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 29 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 {4, but is placed
in a plane paralle] to the axis of envelope 18’, and
convergent heam {8 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 33’ and 24’ to which an ade-
guate DD.-C. supply source (not shown in the
drawing) is connected. The controlling magnetic
field, formed as the sum of the individual mag-
netic fields schemsatically indicated with arrows
38 in the drawing of Fig. 4, also deflects the dif-
fracted electrons towards diaphragm 20 and the
diffracted electron beam (5’ will be dispersed over
a relatively wide area in a manner similar to that
shown in Pig. 1. Hence, the electrons emerging
from aperture 21 of diaphragm 29 form a mono-
kinetic beam including electrons the mean ve-
locity of which is determined by the position of
the diaphragm aperture 2{ 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 4: of the
incident electron beam {5 may be varied within
certain Ilimits, so that an adjustable velocity mono-
Kinetic electron beam will be obtained.

‘The position of diaphragm 20 in the thermionic
discharge tube shcwn in Figs. 3 and 4 is elected
so that the sum “of the mean tr ajectories of the
incident and diffracted electron beams 15 and 15/,
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 obiain a
maximum concentration of the electrons.

In' the thermionic discharge tubes shown in
Figs. 1 to 4, the focussing of either the incident

or the monockinetic 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, ps. .

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 (9"’ which is‘also provided with deflector
plates 31 and 82 for varying the glancing angle
of incident electron beam 5. The curvature of
concave surface 39’ corresponds to a circle 40

passing through orifice 14 of electron gun I and
diaphragm aperture 21, while the lattice structure
of the diffraction element 39 is curved with 2
radius equal to the diameter of circle 49.
this arrangement,

Due to
the divergent electron beam 15 75 electrons of approximate like velocity, said bar-~

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 19': and (5’2 in the drawing of Fig. 9.

The aperiure 21 of diaphragm 20, being located
at the focus of electron beam 15’1 will thus con-
stitute a source of a concentrated monokinetic
electron beam (8’’, containing electrons the ve-
locity of which is determined by the position of
diaphragm aperture 21 with respect to diffiracting
clement 39 and orifice 14 of electron gun (1. By
varying the glancing angle of incident electron
heam 15, the velocity of ithe monokinetic electron
bheam {5’ can be also adjusted within certain
limits, as already explained hereinbefore with
reference to the electron velocity filter incorpo-
rated in the thermionic discharge tube shown in
Fig. 2. In the thermionic discharge tube shown
in. Fig. 6 the concave diffracting element 39 is
mounted in a way similar to that of plane difirac-
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
t9’, the diffraction zone {8’ of the tube being
limited by an accelerating anode 30 and the
apertured diaphragm 20 both -connected to
ground. The deflection of the incident and dif-
fracted electron beams 19 and €5', respectively, is
obfained 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 gppended claims.

I claim:

1. A thermionic discharge tube comprising an
evacuated envelope containing means for gen-
erating a beam of elecirons, electrode means for
accelerating and directing said eleciron beam to &
diffraction element having g substantiglly 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 heam and said monokinetic
electrons with respect to the diffracting surface
of said diffiraction element, said accelerating elec-
tfrode 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 sald monokinetic
electron beam. S .

2. A thermionic discharge tube including an

evacuated envelope containing means for pro-

ducing, accelerating and fccusing 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 beam so as to pass monokinetic
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- rier ‘means “and ssaid - accelerating ‘means being*
. electrically: interconnected so-as. .to. inclhide the .-
said ‘giffraction element: in: a substantially.. eQui-' s
- potential space, means to vary the initial velocity.

- of the said beam therehy to vary the velocity of -

said passed electrons, means to modulate the said '
passed’cleetrons -in aceordance-with electric. con-~:. :

- trol energy, and a- target electmde to collect the
: sa,ld modulated passed electrons. -

- 3. A thermionic discharge: tuhe ccrmpnsmg an.

| e‘vacamed envelope and within “the envelope an: -
electron diffraclion element; means for .producing,:..
accelerating, and focusing:a beam of elecirons to- .-
ward sdid ‘diffraction element,. said element hav-...
| 10 “in-a substantially equipotential space; said accel-.

ing ac:lattice structure arranged-to disperse: the

- said electrons in divergent directions proportional ..
- to the #éspeciive velocities thereof; electron bar--:-
rier mears: ' provided with an opening positioned
in the path of the said dispersed electrons to pass .

a monekinesic beam of -electrons of substantially

like velocity, said barrier meansgiand said accel-:-
~erating. means- being . electrically interconnected .-

- - t0 provide & substantially equipotential spaceen- . -
- clesed im said ‘diffraction ‘element,; 4 target elec~
- trode toeollect the said passed electron beam,™
ana means intermediate said -opening and said
- target electrode tomodulate the said passed eleg-. .
- tron- beam ntiaccordance Wlth electrical” control . -

energy.

4, A the mmmc d1scha,rge i:ube comprising an:

- evacuatedienvelope and within.: the envelope:an:

- electron diffraction element, means to generate g .

+ beam of electrens and to focug gnd direet said -
- electron ‘beam  toward sald ‘diffraction -element,

- said element having a ' latiice gtructure arranged 335

- 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 saig dispersed electrons to pass a
- monckinetic beam of electronsg of - substantia,lly.-.

like velocity, said diaphragm and said focusing ..

and directing ‘means being electrically intercon-

nected-and encloging the said diffraction element:
1n g substansially equipotential space,: mictarget. »-
elecirodeto.collect the sdaid passed electron beam;:
said generating,” focusing, and '‘direciing: means-::
being gdapted . to varythe veloeity of the:glectrons.
of the passed electron 'beany, and means interme= o -

diate: said anerture’‘and said: targe‘t electrode t0
moditlate said passed electron heam:

3. A -thermionic: discharge tube: c:ompriéin“g-anrf
evacuated -envelope and within:the envelope an
ele ctron- diffraction. 'element, means -for genera;t—' o

o g beam of electrons; means to accelerate and -

8

~ evacuated envelope and Withm the.envelope a dif= -
- fraction element, means for generating a beam of: .
elect-rbns;;f 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 therect, electron |

barriet. means: provided with an' opening: posi-

10 tioned in the path of the said dispersed electrons

{0 passia-monokinetic bheam of electrons-of sub-

stantially like velocity, said barrier means and -
- sald generating means being electrically intercon- - -

nected :gnd enclosing the said diffraction element

Cergting.rand -directing means including electro-
statiec:beam deflecting means: to -vary the angle

"Gf incidence of said generated electron beam on
aaid diffracting surface in accordance with elec~ -
20 +rieal:control energy, a target electrode to collect

the said passed.electron -beam, and means inter-

“mediate said opening and said target eleetrode 1o

modulate: said passed electron beam, - .
7. A'thermionic discharge tube comprising an

o5 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-
=g+ ular s lattice structure arranged to . disperse by
- diffraction the said electrons in divergent direc-
. tions «proportional to the. respective velocities
‘thereof, electron barrier means provided with an = -
opening positioned in the path of the said dis- -
:persed.electrons to pass a monokinetic beam of
electrons of supbstantially like velocity, said bar-
rier means-and sald generating means being elec~ .
- {rically ‘interconnected and enclosing the said:

diffraction élement in a.- substantially equipoten-

40 -tial space; said accelerating and directing means
Including:-magnetic field beam deflecting means: -

0 vary the angle:of incidence of said generated

-glectron beam on said diffracting surface in ac-
-~ cordancewith electrical control energy, a target
45 etectrode to collect the said passed electrons, and
- means intermediate said opening and said target

- electrode tor modulate said passed eleciron heam.

8. A thermionic discharge tube comprising an

.evacuated envelope, and within said envelope an
o electron diffraction element, an electron gun pro-
-~ vided with an ‘electron lens system to produce a
beam of electrons directed toward said diffraction
- element; said element having a lattice structure

- arranged to disperse the said electirons in diver-

dﬁl ect sald electron beam toward said diffraction: 55- géht ‘directions proportional to the respective ve-

element, said element having a-substantizlly reg-~

ular lattice structure-arranged to disperse by dif- -
fraction the said electrons in divergent directions -
according: to: the respective velocities thereof,. -

- Jocities ‘thereof, electron barrier means provided

=Wi1;h“'a,n_ opening’ pesitioned in the path of the
- sald ~dispersed electrons to pass a monokinetic
. beant -of electrons of substantially like velocity,

clectron barrier means provided with -an-opening ¢o:said ‘barrier means and said electron gun means

rositioned:in- the path of the said dispersed elee-

trons to pass &' monokinetic beam of electrons.of -

heing‘f '-électric&lly interconnected and enclosing
i the sald diffraction element in a substantially

swostantially like velocity, said barrier means:and =+ . equipotential space, the sum of the mean paths

=aid accelerating and directing means being ‘elec-.

irically interconnected and enclosing the'said dif-

fraction”element in a substantially equipotential- ¢

space; sald ‘accelerating and directing means in-

cluding beam defiecting means to vary the angle

of incidence of said generated electron beam on.
sald diffraction element thereby to vary the veloc-

trode - to'modulate said passed electron beam.

.. of the incident electron beam and the diffracted
65 electron‘beam-to said opening being substantially
equal-to the focal distance of said electron lens
. system,- a target electrode to collect the said
‘passed‘ electron beam, and means intermediate

“gald ‘opening and said target electrode to modu-

;0 1&fe said passed electron ‘beam.
ity of the passed electrons, g target electrode to -
collect the said passed electron heam, and means

intermediate said opening and said ‘target elec- "

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

6. A‘thérmionic discharge tube’ compmsmw ‘an 75 circular- line, ‘means for generating a beam of
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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 sald sur face
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 difiraciing
line, said beam being diffracted by said element
to disperse the said electrons with respective
velocities approximately as a function of the
clancing angles of the incident and diffracted
heams, 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 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
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 difiracted elec-
trons to pass a monokinetic beam of electrons of
substantially like velocity, said barrier means and
said electron gun means being electrically infer-
connected and enclosing the sald 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 conirol energy, a target electrode to
collect the said passed electron beam, and means

I il

] |

10

30

10

intermediate said target electrode and said open-
ing to modulate said passed electron beamn.
11. A thermicnic discharge tube comprising an

evacuated envelope, and within the envelope an

electron diffraction element having a suriace 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 bealn
toward said surface, said element having a sub-
stantially regular lattice structure at said sur-
face elastically curved in the plane of sald 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
celement 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 positicned 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 sald
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
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quantity, the said circle passing substantially
through the source of said focused beam and
through said opening, 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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