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ELECTRON DISCHARGE DEVICE OF THE
"BEAM DEFLECTION TYPE

~Harry C. Thompson, Chester, Vt., -assignor ;to
‘Radio: Corporation -of .America, a . corporation

-of Delaware

“Application'October 20,1948, Serial No. 55502
(€1.:315~-12)

#21:Claims.

1
“My: invention-relates-to:electron discharge de-
wices-and-associated -circuits, partictlarly to:such
-devices utilizing -a bheam -of - électrons ~directed
toward an output electrode system;said-beam-and

=system having-relative transverse movement with -

-respect to each-other.

‘In previous devices involving ‘the transfer-or
~switching of an lectron beam frem incidence -on
~one-electrode to incidence on-another, the trans-
-conductance -or ratio-of-current change to mag-

nitude of the'deflecting voltage is:dependent upon
“the eoncentration-of -current inthe ‘beam-at the
‘target from:-which the beam: was being -deflected.
‘Hitherto it has'been necessary to focus: the beam

as narrowly ~aspossible on ‘the target -and ‘to :

~align the-edge of the target precisely with respect
to the mid-plane of -the beam. ‘In one’type ‘of
-device of thiskind-a-two hundred mieroampere
‘beam has beenfocused-on a five thousandthsinch
diameter intercepting wire from ‘which- it is de-
Tected -on to-another-electrode. 'Tubes- of ‘this
kind have hitherto required-high ‘current concen-
trations in the beam, precise focusing thereof,
“and precise: mechaniecal -alignments-in--order-to
-obtain high transconductance. 'High transcon-
ductance characteristics-require- a -deflecting -de-
vice in which-precise mechanical alignments-have
been required.
‘In the present invention bringing-the beam to

‘a focus is not essentidal-‘to obtain maximum -pos- E

-sible transconductance. A parallel beam is pre-
-ferred and it may “have a -considerable cross-
section at the region of rejection instead -of ‘being
-extremely narrow - as -heretofore. "The beam is
Tnotdivided by-an:aligned edge during-its transfer
‘out is rejected-as a-whole from thessurface of a
‘target at a region remote from “its-edges. ~The
mechanism ef: the rejection is . entirely -novel ‘in
-erinciple since it occurs:hecause the component
-of electron velocity mormal-to' the ‘target:surface
is reduced to zero.at the critical target potential
by #he-previous passage:0f-the electron through
8. retarding-field, thereby making it impossible for
the electron to reach -the target surface-at. .or
slightly below:such critical potential of:the target.
It is kmown that-an -anode toward swhich - élec-~
trons -are normally -directed -cuts.off -or .rejects
‘the:electron floew-when-the:anode is near zero-or
-eathode -potential. In:the present device-a simi-
lar ‘type of cut-off wor:rejection -of electron :fow
is made 1o vecur at-an-anode-or ‘target-at-any
-gesired-positive ‘potential. To do ‘thisthe elec-
tron*heam is made-to approach a target -whose
~surface is racutely sinclined to :the initial “beam
-direction:threugh a retarding electricfeld swhose
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~equipotential surfaces:are parallel -to the target.

It istan object-of my invention to:provide.an

improved:électron discharge device and associated
-eireuits, smore particularly -an improved device
~employing a:beam of glectrons which is deflected

relative to an output-electrode system.

It issanether -object of my invention toprovide
such a:device which is .capable.of -using larger
‘currents-at low voltages than now possible with
similar-devices.

A still further object -6f “my: invention :is to
‘provide:such :a ‘device ‘which -gives “high: trans-

-conductance,

A still “further -object -6f my ‘invention -is -to
provide -such -a device in -which the mneed for

~precise -glignment-of the electrodes is obviated.

‘The novel features - which T believe to be -char-

~acteristic of my invention-are set'forth ‘with par-

ticularity in the appended claims, but the inven-
tion itself will'best be understood by reference to
the “following ‘description “taken in connection
with the.accompanying drawing in which Fig. 1
is a schematic longitudinal section .of an electron
discharge device made according to my invention
and its associated circuits; Fig. 2 is a schematic
diagram showing the principles .of my invention; -
Fig. 3 is a modification_of the device and circuit

.shown in Fig. 1; Figs. 4 to.8, inclusive, are still
Sfurther modifications of the -electron discharge

device .and .associated circuits shown in Fig. 1;
and Figs. 9 and 10 are graphs:showing the .oper-
ating characteristics of the device under. certain

-conditions.

Fig. 1 shows my invention-embodied in-a simple
form in.which -the primary beam is: collected in

part by:-the metallic-envelope and the .output is

taken from the anode (or dynode). The tube

scomprises ran -élongated :metallic ienvelope -1 in
~which are mounted, . in order, fromleft to right
-along:the longitudinal:axis, a conventional elec-

tron gun structure composed :of a -cathode 2

~heated by a heater 3:and .connected:to :an aper-~
fured:-cathode:shield 4, an-apertured aceelerating

and-beam-defining electrode §, a-pair-of :deflect-
Ing-plates:6.-on -opposite sides of :the-beam-path,

zand san -output -electrode :system. comprising an
-apertured-field -electrode 7.and:a ‘target -or-col-

lector electrode 8.
In accordance with my invention, the two-par-

zallel -electrodes 1 and:8-are mounted in ‘the en-
<velope -1 -at an -acute -angle to the beam path.
‘For:optimum- results, this-angle is-approximately

30°. -
In+he operation-of-the-embodiment of Fig. 1,
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the accelerating electrode 5 and electrode 7 are
connected to a source of high potential, for ex-
ample, about 300 volts, preferably by grounding
the electrodes internally to the metallic envelope
i and connecting the envelope to the potential
source, and the target or collector § is connected
through a tuned circuit 9 to a lower potential
source, the cathode 2 being at zero potential, as
shown. The deflecting plates 6§ are connected to
a biasing potential as shown, to provide means
for adjusting the angle between the beam.and
the surfaces of electrodes T and 8.

The operation of the device may be better un-

derstood by reference to Fig. 2 which shows on
a larger scale the parallel electrodes T and 8 with
the parallel equipotential surfaces therebetween
indicated by dash lines 0. - Several paths of the
electron beam B corresponding to different po-
tentials applied to the target 8, with the field
electrode 7 maintained at a constant potential,
are shown by dotted lines: In its travel between
the aperture of electrode 7 and the target 8:each
electron has its component of velocity normal-to

- the target 8 reduced while its component of ve-
locity parallel to the target surface remains un--

diminished. - When the potential of the target 8
is nearly equal to that of the electrode 7, the
beam is entirely collected by the target. As the
target potential is reduced, the beam is deflected
more and more until a critical potential is
reached, for a particular angle of inclination,
electrode spacing, beam velocity and potential of
electrode 1, at which the beam fails entirely to
reach the target, but instead, grhzes the target
and continues along a new beam path to a sep-
arate collector which in Fig. 1 is the tube envel-
ope.” For one tube with electrode T at 300 volts
this critical potential was found to be about 180
volts.

At this critical or grazing target potentlal the .

current to the target is extremely sensitive to:

1. Change of initial direction of the beam by
the voltage between the deflection plates (elec-
trodes 6 in Fig, 1) ; '

2. Change of initial direction of the beam by a-

transverse magnetic field;

3. Change of target potential;

4. Change of potential of electrode 7;

5. Change of inclination of the target and.its
 associated retarding field by mechanical means.

It will be apparent that in 5 the change is really
a change of initial direction as in 1 and 2, but by
mechanical means.

Two main classes of applications of thn prop-
erties of my device are:

~ A. Applications which utilize the current
changes in the target itself, as illustrated 1n Fig.
1; and

B. Applications which utilize the -current
changes of another electrode which receives the
beam deflected away from the target, illustrated
in Figs. 3-8, inclusive.

In class A the target must have a secondary
emission ratio greater than unity since the per~
formance is dependent upon the existence of a
reversed current from the target, that is, upon a
net loss of electrons therefrom. In class B the
secondary emissivity of the target may have any
value without altermg the performance substan-
tially.

In the embodlment shown in Fig, 1 the 1n1t1a1
direction of the beam is adjusted by the voltage
on the deflecting plates §, the inclination of-elec~
trodes T and 8 and the potential of electrode 7
are fixed, and the- potential of the target 8 is

4

periodically varied by the tuned circuit 9, pro~
ducing a variable target current.

The target 8 is a good secondary emitter, or is
coated with a good secondary emitting material,
whereby its voltampere characteristic has a nega~
tive resistance in the cut-off region. I have ob-

~.served that the negative resistance:is as low as

10

12,000 chms with a 200 microampere beam and I
estimate that this represents a negative conduct-
ance 40 to 50 times as great as that obtained from
the same secondary emitting surface in the ab-
sence of the cut-off effect of my invention. This
makes the present device capable of oscillating at

~much higher frequencies than the ordinary sec-

15

_from the target 8.

ondary emission -dynatron. Electrode 7 serves as
a field electrode and as a collector of secondaries
The negative conductance
property of the target at its critical potential

-~ causes circuit ¢ to oscillate, which periodically

20

varies the target potential and causes the pri-
mary beam to be deflected to and fro between
the envelope and the target. Power is taken di-

- rectly from the target by means of output cir-
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cuit i2 coupled to circuit 9.

Fig. 3 shows a modification of the device -of
Fig. 1 which combines the features of classes A
and B discussed above. The inclined electrode 1
is carried by an apertured plate 13 at right angles
to the beam path. The inclined target 8 parallel
to electrode T is connected to a tuned circuit 9,
as in Fig. 1. In this form, however, the output is
taken from a separate electrode system positioned
in the path of the deflected primary beam and
including a screen grid 14 connected to electrode
1, a suppressor grid 19 connected to cathode 2
and a collector electrode 16 connected to a tuned
cireuit 17 coupled to an output circuit 18. The
other circuit connections are the same as in Fig. 1.

In the operation of the oscillator of Fig. 3, with
the target at the critical potential, the oscillatory
target potential deflects the beam toward and
away from the output electrode system 14—Ii86,
producing a corresponding oscillatory current to
the collector 16 and the output circuit. An ad-
vantage of this form over that of Fig. 1 is that
the frequency of frequency-determining circuit 9
is only slightly affected by the character of the
load on the output circuit 18.

Pig. 4 shows. a means of utilizing a diverging
electron beam from a cathode 2’ by causing it to
enter a retarding field with curved equipotential
surfaces between equidistant (i. e. paralleD)
curved electrodes 7’ and 8’. The curvature of
the electrodes is such that each successive ele-
ment thereof makes the same acute angle with
each corresponding element of the  divergent
beam, so that each component of the diverging
beam is retarded equally and rejected at the same
potential of electrode 8. An output electrode
system is shown wherein an anode 16 is surround-
ed by a suppressor grid 15 and a screen grid 4.

Fig. 5 shows the tube of Fig. 3 used as an am-
The potential of the target 8 is main-
tained at its critical potential for zero deflection
of the beam, and the beam is deflected laterally

by means of an alternating signal voltage appiied

70

to input transformer 19 connected with deflection
plates 6. Thus, the angle between the beam and
the target is varied, producing a corresponding
variation in the current rejected by the target

—-and delivered to the output electrode 186.-

/In Fig. 6 the beam is deflected by a transverse
magnetic field produced by a coil 20 mounted ad-

-.jacent the tube in the region of the plates 6,
78 -which are here used only for adjusting the initial
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beam .direction, as in Figs. 1. and 3. 'The mag-
‘netic field imay be generated by o thermocouple
~volfage source 21;-and -this arrangement is ad-
‘vantageous in general foramplifying-sources hav-
~ing low impedance, because-of the inherently low

“impedance:of the input coil.
Fig. 7-shows:a modification of Fig. 5 employing
@& -radial beam. A .cylindrieal vitreous -envelope
.28 s provided -with a reentrant end portion :or
hase 26:on-which all-of the electrodes are:mount-
ed. Al of ‘the electrodes-have -surfaces -of revo-
Aution: coaxial to the -axis of the envelope. An
clongated .central -cathode 80, carrying spaced
cathode shields 3i, .is surrounded by a pair of
fubular:accelerating -electrodes. 32 and 33 spaced
‘apart to form. an-annular slet: to-pass the radial
‘beam from-the cathode. Two-apertured-disc de-
flecting - plates 34 are located -on each .side of
the-beam outside the-accelerating electrodes. The

~plates 34 -are in -turn -surrounded by a pair of 2

:spaced frusto-conical rings 35 and 38 and a
frusto-conical target electrode 31. ‘The-opposed
-curved surfaces-of thefrusto-conical rings.35-and
‘36 -and- the -target 37 are equi-distant and par-
zallel, s -in -the -other forms of my -invention.
-Adjacent the upper-sides:of ‘the conical electrodes
"85 -and 37-are mounted a screen electrode 38, a
suppressor electrode 38 and a collector anode 490,
Jin -the form of centrally apertured planar mem-

bers. The .screen -electrode 38 is carried by a -

tubular member which:also serves as.a shield for

- “the farget.37. As shown, the electrodes 39, 33, 34
(lower), -37, .41, 39 and 40 are mounted directly
on ‘the base 26, while the electrodes 32, 34 (up-
:per), and 35 are -insulatedly mounted on the
anode .40. “Where necessary, the electrode -sup-
porting rods .are:sealed -through the base 25 to
serve :as ‘lead-in terminals. The .circuit -and
method of operation.in Fig. 7 is thesame as that
.of Fig. 5.

Fig. 8 illusirates.a. modification of the device of
Fig. 1 in which the angle between the beam and
~the target:-can be .changed, to vary the cutoff

characteristic, by mechanical means accessible
externally of ‘the envelope.
target: 8 and apertured -electrode 1 are mounted
‘in spaced parallel relation-on.an insulating block
50 which is pivotally mounted in the envelope on
-an-axis 81 at right angles:fo the plane of Fig. 8.
“To provide means for slightly-rotating the -mov-
-able -assembly about-its pivot from -outside the
tube, a rod orlink 52 attacked to the assembly is
‘flexibly sealed through the:envelope I by:means
of atubular bellows member:54, as.shown. Thus,

mechanical displacements-of the bellows:58 and .

‘link 52 produce corresponding -changes in ‘the
current to:the anode 1§ which are amplified for
any purpose desired. ‘The link 52 ‘may serve:as
“the potential lead for electrode 1. :A-flexible:con-
‘ductor ‘85 is provided-in the “target voltage lead.

‘Fig.'9 shows the output -currents obtained for
a :particular tube, :as-shewn in Fig. 1-having a
-secondary-emissive-target or dynode 8, as the dy-
-node - potential .was varied ‘from -about-59 volts
to 350 -volts, ‘with the potential of electrode 7
+at 300-volts. “The fourcurves A, B, C.and D rep-
resent the results.obtained at four different.values
-of deflecting -plate bias, as indicated in -the
legend. “Each -of the large loops .of the curves

represents :the net loss of secondaries from the -

dynode’8. The-abrupt fall of current as the po-
tential of ‘the dynode 'is decreased :toward 200
-volts ‘in-curve:D is-caused by ‘the turning -away
of the primary electron beam from the ‘dynode
until 4t {is no ‘longer incident “thereon -and no

In this tube the 4
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longer produces secondaries therefrom. At 300
volts :the primary current is about equal-to -the

- reverse secondary eurrent, producing a-zero cur-

rent in the dynode lead.
Fig. 10 shows the variation in -dynode current

-when the deflecting plate bias was varied with 250

-volts-on-the dynode 8.and 300 volts-on electrode 7.
The points A, B, C and D-correspond to the four
curves of Fig.-9.

As. stated above, the best results are produced
when the -angle between the surfaces -of elec-
trodes T-and 8 and the beam axis is.about 30°.
This angle is not-critical and may be made some-
what greater -or less than 30°. However, if the
angle -is made more acute (smaller), the useful
operating -range of potentials of the target is

-decrease ‘hecause -of the effectiveness of a given

change in target potential is greater. If .the
angle is made less acute (larger), the concen-

~fration -of current -at the region of impact is

higher,-and the emission of secondaries is smaller,
in the case of a secondary emission target, -and
the:sensitivity of the:device to changes-in target

-potential.or inclination is reduced.

In my co-pending application entitled “Elec-
tron Discharge Devices of the Beam Deflection
Type,” Serial No. 55,501, filed concurrently here-
with, now U. S. Patent No. 2,559,524, granted
July -3, ‘1951, I -have disclosed -and claimed an
electrode mount assembly for a beam deflection
tube with an electron multiplier output system,
which assembly may be used in the discharge

devices iHustrated -schematically in Figures 1

through 6 and 8 of the instant application.
While I have indicated several specific embodi-
ments of my invention, it -will-be understood that
my invention is by no means limited to the exact
forms illustrated or use-indicated, but that many

wariations may be made in the particular struc-

fure used .and the purposes for which it is em-
ployed -without departing from the scope .of the

‘invention-as:set forth in the appended claims.

‘I claim:
1. An -electron discharge device comprising
electron. gun means ‘for supplying -and directing

- 'a"beam of electrons along a beam path,and elec-

it}

k1
20

78

trode means including s first collector electrode
having a surface extending aeross said beam path
at an-acute angle thereto, a field electrode posi-
tioned adjacent said first collector electrode and
having a surface facing and parallel to said sur-
face of said first collector electrode, means for
applying a positive potential to said field elec-
trode, means for applying a substantially lower
positive potential to said first collector electrode,
whereby -during operation of said device said
beam -traverses a retarding electric field having
parallel equipotential surfaces extending at said

-acute-angle to:the beam path and at least a part
60 -

of -said beam is deflected:-by said field away from
said first collector electrode, and a second col-

Jlector electrode insulated from-the other elec-

trodes and located beyond said first collector and
field -electrodes in.position to receive-clectrons of
said ‘beam deflected from said first -collecior

-electrode.

2. .An--electron discharge device according -to
-claim 1, including means for adjusting the poten-

~tals-appled to-said first colector.and.field elec-
~trodes o cause:said beam to -graze the surface

of said first collector-electrode.
:3.An -electron -discharge -.device comprising
-electron.:gun ;.means for supplying.and directing

& beam of-electrons-along a‘beam:path, and elec-

trode means including a first collectar :electrode
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having a surface extending across said beam path
at an acute angle thereto, a field electrode posi-
tioned adjacent said first collector electrode and
having a surface facing and parallel to said sur-
face of said first collector electrode, means for
applying a positive potential to said field elec-
trode, means for applying a substantially lower
positive potential to said first collector electrode,
whereby during operation of said device said
beam traverses a retarding electric field having
parallel equipotential surfaces extending at said
acute angle to the beam path and at least a part
of said beam is deflected by said field away from
said first collector electrode, a second collector
electrode insulated from the other electrodes and
located beyond said first collector and field elec-
trodes in position to receive electrons of said beam
deflected from said first collector electrode, and
means for periodically varying the potential of

one of said first collector and field electrodes to

cause said beam to be periodically shifted between
said two collector electrodes.

4. An electron discharge device comprising
electron gun means for supplying and directing
a beam of electrons along a beam path, and
electrode means including a first collector elec-
trode having a surface extending across said
beam path at an acute angle thereto, a field
electrode positioned adjacent said first collector
electrode and having a surface facing and par-
allel to said surface of said first collector elec-
trode, means for applying a positive potential to
said field electrode, means for applying a sub-
stantially lower positive potential to said first
collector clectrode, whereby during operation of
said device said beam traverses a retarding elec-
tric field having parallel equipotential surfaces
extending at said acute angle to the beam path
and at least a part of said beam is deflected by
said field away from said first collector electrode,
a second collector electrode insulated from the
other electrodes and located beyond said first
collector and field electrodes in position to receive
electrons of said beam deflected from said first

collector electrode, and means for adjusting the .

acute angle between said beam path and said
first collector electrode fo cause said beam to
graze the surface of said electrode.

5. An electron discharge device comprising
electron gun means for supplying and directing
a beam of electrons along a beam path, and elec-
trode means including a first collector electrode
having a surface extending across said beam path
at an acute angle thereto, a field electrode posi-

tioned adjacent said first collector electrode and ;

having a surface facing and parallel to said sur-
face of said first collector electrode, means for
applying a positive potential to said field elec-
trode, means for applying a substantially lower
positive potential to said first collector electrode,
whereby during operation of said device said
beam ftraverses a retarding electric field having
parallel equipotential surfaces extending at said
acute angle to the beam path and at least a
part of said beam is deflected by said field away
from said first collector electrode, a second col-
lector electrode insulated from the other elec-
trodes and located beyond said first collector and
field electrodes in position to receive electrons of
said beam deflected from said first collector elec-
trode, and means for periodically varying the
acute angle between said beam path and said
first collector electrode to cause said beam to be
periodically shifted between said two collector

- electrodes.
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6. An electron discharge device having electron
gun means for supplying and directing an elec-
tron beam along a beam path, a first deflector
electrode having a surface extending across said
beam path at an acute angle thereto, a second
electrode adjacent said first electrode and having
a surface facing and parallel to said surface of
the first electrode, a collector electrode insulated
from the other electrodes and located beyond said
first and second electrodes in position to receive
electrons deflected from said first electrode, and
other deflecting electrodes positioned on opposite
sides of the beam path and between said electron
gun means and said first and second electrodes.

7. An electron discharge device including elec~
tron gun means for supplying and directing a
beam of electrons along a beam path, a deflector
electrode in the path of said beam and having
a surface extending across said beam path at an
acute angle thereto, a second electrode positioned
adjacent said deflector electrode and having a
surface facing and parallel to said surface of the
deflector electrode and having an aperture regis-
tering with the beam path, and a collector elec-
trode insulated from the other electrodes and
located beyond said electrodes in position to re-
ceive electrons deflected from said deflector
electrode. ‘

8. An electron discharge device including elec-
tron gun means for supplying and -directing a
beam of electrons along a beam path, a pair of
oppositely disposed electrodes on opposite sides
of said beam path, a third electrode in the path
of said beam of electrons and having a surface
extending across said path at an acute angle
thereto, and a fourth electrode positioned adja-
cent said third electrode and having a surface
facing and parallel to said surface of the third
electrode and having an aperture registering with
the beam path, and a collector electrode insu-
lated from the other electrodes and located be-
yond said third and fourth electrodes in position
to receive electrons deflected from said third
electrode.

9. An- électron discharge device having elec-
tron gun means for supplying and directing an
electron beam along a beam path, a first electrode
in the path of said beam having a surface extend-
ing across said beam path at an acute angle
thereto, a second electrode adjacent said first
electrode and having a surface facing and par-
allel to the surface of the first electrode, and
an electrode system insulated from the other
electrodes and located beyond said first and sec-
ond electrodes in position to receive electrons
deflected from said first electrode and compris-
ing, in order, a screen electrode, a suppressor
electrode and a collector electrode.

10. An electron discharge device having elec-
tron gun means for supplying and directing an
electron beam along a beam path, a first elec-
trode in the path of said beam having a surface
extending across said beam path at an acufe
angle thereto, a second electrode adjacent said
first electrode and having an aperture through
which the beam path lies, said second electrode
having a surface facing and parallel to the sur-
face of the first electrode, and an electrode sys-
tem insulated from the other electrodes and lo-
cated beyond said first and second electrodes in
position to receive electrons deflected from said
first electrode and comprising, in order, a screen
electrode, a suppressor electrode and a collector
electrode.

11. An electron discharge device having elec~
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tron gun  means for supplymg and directing an*

electron beam’ along a besm- path, a first elec-
trode in the path of said beam: having a plane
surface extending across said beam path at-an
acute- angle thereto, a second electrode adjacent
said first electrode and having an aperture

through ‘which the beam path lies; said second:
electrode having a surface facing and parallel

to the surface of the first electrode, and an- elec-
trode system insulated from the othe1 electrodes
and located beyond said first and second:elec~
trodes in position to receive electrons deflected
from said- first electrode and comprising; in order,

a screen electrode, a suppressofr electrode and-

a collector electrode, and deﬁectmg electrodes

positioned on opposite sides of the beam path:

and between' said electron gun means and said
first and second electrodes.

12. An electfon discharge device including
electron gun means for supplying a beam of elec

10
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trons along a beam path, a first electrode in: .

the path of said beam of electrons and having
a secondary-emissive surface extending across
said beam path at an acute angle thereto; a
second electrode positioned between said elec-
tron gun means and said first electrode and hav-
ing a surface facing and parallel to said sec-
ondary emissive surface and having an eperture
reglstermg with the beam: path, a collector eléc-
trode insulated from the other electrodes and
located beyond said electrodes in position to re-
ceive deflected electrons-of said beam upon the
apphcatlon of deflecting voltages to said- first
and second electrodes; means mcludmg an oscil-
lating’ circuit for- applying- alternating voltages
to said first electrode, output means connected
to said collector electrode, and means for apply-
ing positive voltages to said collector electrode
and said second electrode and a substantially
lower positive voltage to said first electrode.

13. An electron discharge device having an
electron gun means for supplying, forming and
directing an electron beam consisting of diverg-
ing elements, a first electrode having a curved
surface extending across said beam path so that
each successive element of said curved surface
makes the same acute angle with each corre-
sponding element of said diverging beam directed
thereat, a second electrode adjacent said first
electrode and having a curved surface facing and
parallel to said curved surface of said first elec-
trode, and a collector electrode insulated from
the other electrodes and located beyond said first
and second electrodes in position to receive elec-
trons deflected from said first electrode.

14. An electron discharge device having elec-
tron gun means for supplying and directing an
electron beam along a beam path, a first elec-
trode in the path of said beam having a plane
surface extending-across said beam path at an
acute angle thereto, a second electrode adjacent
said first electrode and having an aperture
through which the beam path lies, said second
electrode having a surface parallel to the surface
of the first electrode, and an electrode system
insulated from the other electrodes and located
beyond said first and second electrodes in posi-
tion to receive electrons deflected from said first
electrode and comprising, in order, a screen elec-
trode, a suppressor electrode and a collector elec-
trode, and means for deflecting said beam in-
cluding means for generating a magnetic field
transverse to the beam path.

15. An electron discharge device having elec-
tron gun means for supplying and directing an
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electron-beam along aheam path afirst electrode
in the path of said beam’ having’ g plane surfase:
extending - across- said’' béain’ path gt an aclite
angle thereto; a‘seconid’ électrode adjacent said
first electrode: and- having” an” apertiure through
which the beam path lies, said second’ electrode'
having a surfa.ce facing and parallel to tHe sur-~
face of the-first electfode, and an’ electrode sys-
tem insulated Trom' the- other electrodes- and lo-
cated beyond said first and’ ‘second- electrodes- int
position t6° receive electrons ‘deflected from: said
first electrode and comprising; in order, g sereen
electrode; a suppressor electrode angd a collectoi
electiode; deflecting - a,lectrodes positioned on op~
pos1te sides® of the beam’ path and: between: said:
electron gun: means and said first and $second:
electrodes and means- responsive to: temperature
conditions- for deﬂectmg said - beam: mcludmg
means for generatmg 4 maghetic' field trans~
verse to the" beam: patii in thie reglon “of sald’
defléctinig electrodés.’

16: An electron discharge device including: a
cathode, a ‘first electrode surrounding said c¢ath-
ode* and having. an: gnnular aperture extending
ther ethrough oppositély d1sposed ring-like mem=
bers: 1y1ng in parallel planes ‘extending trans- -
versely throiigh said cathode adjacent the: edges-'
of s4id aanulayr apertiire, a cone-shaped: second
electrode. surrounding said first electrode  and.
having an annular aperture régisterinig with the
annular aperture in said fifst’ electrode, anothelf
cofie~shapad electrode surrounding said ‘second:
electrode, a flat plate-like collectol electrode ex~
tendmg tiansversely 6f said: cathode and-adjécert
said coné<shaped eléctiodes; and: ‘platéilike Soreéit
and suppressor electrodes positioned between
said plate-like collector electrode and said cone-
shaped electrodes and disposed parallel to said
collector electrode,

17. An electron discharge dev1ce having elec-
tron gun means for supplying and directing an
electron beam along a beam path, a first elec-
trode in the path of said beam havmg a blane
surface extending across said beam path at an

5 acute angle thereto, a second electrode closely

adjacent said first electrode and having an aper-
ture through which the beam path lies, said sec-
ond electrode having a surface facing and par-
allel to the surface of the first electrode, and an
electrode system insulated from the other elec-
trodes and located beyond said first and second
electrodes in position to receive electrons de-
flected from said first electrode and comprising,
in order, a screen electrode, a suppressor elec-
trode and a collector, said first and second elec-
trodes being pivotally mounted, and means for
rotating said first and second electrodes about
said pivot to vary said acute angle.

18. An electron discharge device having an en-
velope containing electron gun means for sup-
plying and directing an electron beam along a
beam path, a first electrode in the path of said
beam having a plane surface extending across
said beam path at an acute angle thereto, a sec-
ond electrode closely adjacent said first electrode
and having an aperture through which the beam
path lies, said second electrode having a surface
facing and parallel to the surface of the first
electrode, and an electrode system insulated from
the other electrodes and located beyond said first
and second electrodes and comprising, in order,
a screen electrode in position to receive electrons
deflected from said first electrode, a suppressor
electrode and a collector, said first and second

5 electrodes being plvotally mounted as a unit in
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gaid envelope, and externally-operable means for

rotating said unit about its pivot to vary said
acute angle comprising a flexible member form-
ing a portion of said envelope and a mechanical
link within said envelope connecting said unit to
said flexible portion.

19. An electron discharge device comprising
electron gun means for supplying and directing
= beam of electrons along a beam path, and elec-
trode means including a first collector electrode
having a surface extending across said beam path
at an acute angle thereto, a field electrode posi-
tioned adjacent said first collector electrode and
having a surface facing and parallel to said sur-
face of said first collector electrode, means for
applying a positive potential to said field elec-
trode, means for applying a substantially lower
positive potential to said first collector electrode,
whereby during operation of said device said
beam traverses a retarding electric field having
parallel equipotential surfaces extending at said
acute angle to the beam path and at least a
part of said beam is deflected by said field away
from said first collector-electrode, a second col-
lector electrode insulated from the other elec-
trodes and located beyond said first collector and
field electrodes in position to receive electrons
of said beam deflected from said first collector
electrode, and means for changing the acute
angle between said beam path and said first col-
lector electrode to change the proportion of said
beam which is deflected away from said first
collector electrode.

20. An electron discharge device including elec-
tron gun means for supplying and directing &
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beam of electrons along a beam path, a deflector
electrode in the path of said beam and having
a surface extending across said beam path at an
acute angle thereto, a second electrode posi-
tioned adjacent said deflector electrode and hav-
ing a surface facing and parallel to said surface
of the deflector electrode, and a collector elec-
trode insulated from the other electrodes and-
located beyond said electrodes in position to re-
ceive electrons deflected from said deflector
electrode.

21. An electron discharge device according to
claim 20, further including means located be-
tween said electron gun means and said deflector
electrode for deflecting the beam relative to said
deflector electrode.

HARRY C. THOMPSON.
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