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Application October 29, 1941, Serial No. 416,926 
(C. 250-5) 0 Claims, 

This invention relates to electron discharge de 
vices and more particularly to electrode systems 
for Such devices of the electron bean or Cathode 
ray type, for controlling the direction of projec 
tion of the electron stream. - 
One object of this invention is to enable the 

production, in an electrora discharge device, Of a 
uniform rotating electric field. More specifically, 
one object of this invention is to facilitate the 
rotation of an electron beam about a desired axis 
and at a desired angular velocity, whereby the 
beam may be caused to impinge sequentially upon 
a plurality of target electrodes. 
In One illustrative embodiment of this in Ven 

tion, an electron discharge device comprises a 
source, such as an electron gun, for producing a 
concentrated electron stream, a plurality of target 
electrodes toward which the beam is projected, 
the target electrodes being mounted in circular 
array, and an electrode system for rotating the 
electron beam about an axis to cause the beam 
to impinge upon the target electrodes in Se 
Cuence. 
In accordance with one feature of this inven 

tion, the electrode system comprises a cylindrical, 
unitary, composite or mosaic electrode composed 
of a plurality of interleaved electrode elements 
electrically grouped and so constructed and 
arranged that upon the establishment of a cycli 
cally varying potential difference between the 
several groups of electrode elements the resultant 
field is radial with respect to the longitudinal 
axis of the mosaic electrode and rotates at uni 
form velocity about this axis, this field being of 
substantially constant magnitude or intensity. 
The invention and the above-noted and other 

features thereof will be understood more clearly 
and fully from the following detailed description 
with reference to the accompanying drawings in 
which 

Fig. 1 is an elevational view in perspective of 
an electron discharge device illustrative of one 
embodiment of this invention, a portion of the 
enclosing vessel being broken away to show the 
electrodes more clearly. 

Fig. 2 is a detail view illustrating a development 
of a portion of the composite or mosaic electrode 
included in the device shown in Fig. 1 and illus 
trating also the electrical association of the elec 
trode elements with energizing Sources; 

Fig. 3 is a diagram which will be referred to 
hereinafter in the analysis of the operation of the 
composite or mosaic electrode included in the de 
vice shown in Fig. 1; 

Fig. 4 is a view, partly diagrammatic and partly 
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schematic, illustrating another embodiment of 
this invention wherein the composite or mosaic 
electrode encompasses the cathode and the beam 
is in the form of a plane sheet, extending radi 
ally from the cathode and rotatable about the 
Cathode; 

Figs. 5 and 6 are views similar to Fig. 4 illus 
trating other embodiments of this invention; 

Fig. 7 is a detail perspective view of a COIn 
posite or mosaic electrode of the type illustrated 
in Fig. 6; 

Fig. 8 is a fragmentary elevational view of a 
modification of the composite or mosaic electrode 
shown in Fig. 7; and 

Figs. 8A to 8D are detail plan views of the elec 
trode elements included in the composite Or 
mosaic electrode shown in Fig. 8. 

Referring now to the drawings, the electron 
discharge device illustrated in Fig. 1 Comprises an 
evacuated enclosing vessel 10, an electron gun in 
cluding a cathode f, for example of the indi 
rectly heated type, and an accelerating electrode 
2, adjacent one end of the vessel 0, and a plu 

rality of sectoral target electrodes or anodes 3 
adjacent to the other end of the vessel and 
mounted in equally spaced circular relation about 
a center coaxial with the electron gun. Mounted 
between the electron gun and the target elec 
trodes or anodes is a cylindrical composite or 
mosaic electrode 4 coaxial with the electron gun 
and effective when energized to rotate the elec. 
tron Strean produced by the gun about the axis 
of the electrode, whereby the stream is caused to 
impinge upon the target electrodes or anodes in 
Sequence. 
The composite or mosaic electrode 4 comprises 

a plurality of sets of annular electrode elements 
mounted in Closely adjacent edge-to-edge rela 
tion, each element varying in width in a manner 
described hereinafter. Each Set is composed of 
four electrode elements, designated by the letters 
A, B, C, and D, and corresponding elements in the 
Several Sets are identical and connected together 
electrically by conductors 5. 

It can be shown that the potential at any point 
Within the region bounded by the composite or 
mosaic electrode is a function of the potential 
of the several electrode elements and, more 
Specifically, that the potential at any point with 
in the region bounded by any set of elements is 
the resultant of the potentials of the several ele 
ments combined according to areas of the ele 
ments. 
In general, within a three-dimensional region 



of space enclosed by a surface, the electrical po 
tential obeys the Laplacian equation 

6y 
where b is the potential and ac, y and 2 are the 
rectangular coordinates. Hence, the potential 
distribution throughout such a region is deter 
mined uniquely by the distribution of potential 
over the bounding surface. Conversely, any de 
sired potential distribution in such a region can 
be realized by establishing on the bounding Sur 
face a potential distribution corresponding to that 
desired within the region, 

In the case of a cylindrical space bounded by 
a circular cylindrical surface, such as S in Fig. 3, 
consider an electric field, indicated by the arrows 
V, parallel to an axis X. The potential at any 
point on the surface S is, then, given by the rela 
tion W 

b=V cos 8 (2) 
where q is the potential, W is the maximum po 
tential on the surface, and 6 is the angle measured 
from the X axis. If the field is rotated, at a uni 
form rate of 2nt times a frequency, w, the potential 
on the surface S is given by the relation 

(bseW cos (0-wt) (3) 
where t is time. Hence, a rotating uniform field 
can be produced within the region bounded by 
the surface S by producing on this surface a po 
tential distribution which satisfies the relation 

Vgse V Cos (6-wt) (4) 
where Wg is the potential on the Surface. 

Equation 4 can be written in the form 

V = (V cos ot) (1+gs ) -- (-V cos col) (-gs.) 

-- (V sin ot) (1+gn ) -- (-V sin cot) (-; ) 
(5) 

From Equation 5 it will be seen that the requisite 
potential distribution over the surface S, to pro 
duce the rotating uniform field, can be obtained 
by a composite or mosaic electrode comprising a 
set of four electrode elements, the relative areas 
of the elements being given by the 0 terms in the 
equation so that the contribution factors of the 
elements to the gross potential are as given by 
these terms, and the potentials applied to the 
electrode elements being given by the wt terms 
in the equation. The potentials, it will be noted, 
aire obtainable from two alternating Current 
Sources 90 degrees out of phase. 
A suitable composite or mosaic structure is 

illustrated in Fig. 2, the constituent electrode ele 
ments being shown in developed form. It com 
prises electrode elements A and B varying in 
Width according to the relations 

(l +gs 9) and (l =gs !) 
respectively, connected to the terminals of a 
source 6 producing a voltage V. COs at, and the 
electrode elements C and D varying in width ac 
cording to the relations 

line) and (in ) ( 2 ) and ( 2 
respectively, connected to the terminals of a 
source : 7 producing a voltage V sin ot. 
The composite or mosaic electrode 4 in the 

device shown in Fig. 1 comprises One or more 
sets of electrode elements of the construction 
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2,302,118 
illustrated in Fig. 2, the number of sets in any 
case being determined by the axial length of the 
region throughout which the rotating uniform 
field is desired. The composite or nosaic elec 
trode A is effective to rotate the bean emanating 
from the electron gun . , 2, about the longitudi 
inal axis of the electrode 4, so that the beam in 
pinges upon the target electirodes or anodes 3 
in succession. In a particularly advantageous 
and efficient construction wherein end effects 
are minimized, the length of the composite elec 
irode is at least twice as great as the diameter of 
this electrode and the combined Width of the Set 
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of four electrode elements is less than the radius 
of the composite electrode. 
The composite or mosaic electrode A may be 

utilized also in devices of Constructions other 
than that illustrated in Fig. 1. For example, it 
2y employed in place of crossed pairs of 

SW2ep-plates in oscillograph and television de 
vices in which case the two signals, usually ap 
plied between the sweep-plates, are applied to 
the electrode elements constituting the composite 
or mosaic electrode. In another construction, 
illustrated ini Fig. 4, the composite electrode 4 
is utilized in conjunction with a cathode 8 to 
produce a rotating sheet beam of electrons, indi 
cated by the lines T. The cathode 8 may be of 
the equipotential type, is linear and extends 
along the axis of and within the electrode 4. 
Mounted within the composite electrode and 
parallel to the longitudinal axis thereof are a 
plurality of linear target electrodes f$9. 
The cathode f8 is biased positive with respect 

to most of the surface of the mosaic electrode 4, 
as by a battery 2, so that there is produced a 
radial, focussed sheet beam of electrons in the 
instantaneous direction of the electric field, the 
bean rotating with the field and the electrode 
elements constituting the mosaic being energized, 
in the manner illustrated in Fig. 2, from two 
alternating current sources, 90 degrees out of 
phase, through suitable transformers 2 . The 
beam impinges upon the target electrodes 9, 
whereby sharp current impulses are produced in 
a circuit Connected to the target electrodes 9 
through a transformer 22. The target electrodes 
48 may be connected together and to a common 
output circuit or, if desired, may be electrically 
Separate and each connected to an individual out 
put circuit as, for example, in time multiplex 
transmission Systems. 
In the embodiment of this invention illustrat 

ed in Fig. 5, the mosaic or composite electrode 
comprises a multiplicity of parallel wires 23 
Inounted in a cylindrical boundary and parallel 
to the longitudinal axis of this boundary. The 
wires are divided electrically into four groups, 
the wires of each group being connected by the 
wires 2&. In the drawings, Fig. 5, the wires of 
the several groups are designated as A', B, C 
and D. . The number of wires 23 in each group 
varies with the angle 6 according to Equation 5, 
the four groups being energized in pairs, as de 
scribed in connection with Figs. 1 and 2, by the 
alternating current sources 6 and . Thus, 
for example, the number of Wires 23 in the A' 
group varies according to the relation 

( --cos t) - 
and the number of wires in each of the other 
groups varies according to the corresponding 9 
term in Equation 5. 

75 
In the constructions illustrated in Figs. 7 and 

8, the electrode elements constituting the com 
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posite or mosaic electrode are interleaved and the 
spacial variation of resultant potential to pro 
duce a rotating uniform field is realized by con 
structing and arranging the electrodes So that 
the electrode elements shield one another and 
the degree of shielding varies to produce a cor 
responding variation in the grOSS potential Over 
th: Surface of the mosaic. 
The composite or mosaic electrode illustrated 

in Fig. 7 comprises a plurality of circular Wire 
sings electiically connected in four groups, A, 
B2, C2 and 32, by tie wires 25, the several wire 
rings being in intereaved relation and each wire 
ring being offset with respect to the adjacent 
wit'e or wires. The four groups are connected to 
the terminals of two-alternating current Sources 
6 and i, 90 degrees out of phase, as shown in 

Fig. 6. As will be apparent from FigS. 6 and 7, 
each of the wires of each group is shielded by 
the wires of the other groups and the shielding 
of the several wires varies around the region 
lot inded by the composite electrode. Thus, con 
sidering 0 taken as indicated in Fig. 6, at 0 equal 
ta. Zeo, the wires of group A are completely 
shielded by the wires of the other three groups; 
at 

- 2 
the wires of group B2 are completely shielded; 
at 6-str, the wires of group C2 are completely 
shielded; at 

the Wires of group D are completely shielded. 
At other values of 6, the contributions of the 

several wires of the groups to the resultant po 
tential distribution adjacent the inner boundary 
cf the mosaic or composite electrode vary Sub 
stantially at cording to the 0 terms in Equation 
5. Specifically, the contribution factors of the 
several wires are substantially in the relation 
given below: 

Gro1p A-l =gs 
- sin 6 

Group B2 -- 2 

Group C2- 1 +-cos 0 2 

Group D? - in 6 
Hence, when the wires are energized, the mosaic 
cr composite electrode produces a radial uniform 
rotating field. The composite electrode illus 
trated in Figs. 6 and it may be utilized in the 
Same manner as that shown in FigS. 1 and 2 and 
described heretofore. 
The composite or mosaic electrode illustrated 

in Fig. 8 is generally the same as that shown in 
Fig. 7 differing therefrom principally in that the 
electrode elements are circular metallic discs 26 
provided with eccentric circular apertures, 
mounted in pile-up relation and insulated from 
one another by insulating washers 2. The form 
and relation of the discs is shown in FigS. 8A to 
8D, the letter character in these figures corre 
sponding to the group letter employed in Figs. 6 
and 7. The discs 26 and insulating washers 2 
are held in assembled relation by metallic pins 28 
each of which extends through oversized aper 
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S 
fits apertures 30 in the discs of the fourth group 
whereby the discs of each group are connected 
together electrically. The composite electrode 
illustrated in Fig. 8 may be empioyed in the same 
manner as that shown in Figs. 1 and 2. 
Although specific embodiments of this inven 

tion have been shown and described, it will be 
understood that they are but illustrative and that 
various modifications may be made therein with 
cut departing from the Scope and spirit of this 
invention as defined in the appended claims. 
What is claimed is: 
1. A composite electrode system for electron 

discharge devices connprising a plurality of elec 
trode elementS mounted adjacent one anothel." 
and bounding a substantially cylindrical space. 
means connecting said electrode elements elec 
trically into two pairs of groups in which the 
electrode elements Ci each group are interleaved 
with those of the other groups, ineans for in 
pressing an alternating potential hetween one of 
Said pairs, and means for in pressing an alter 
nating potential 90 degrees out cf phase with 
Said first potentiai between the other Ci said 
pairs, said electrode elements being so con 
Structed and arrainged that upcn the apication 
oi said potentiais thereto the resultat fisld pro 
duced is radiai with respect to the longitudinal 
axis of said sp3.ce and rotates about Said axis. 

2. A coin posite electrode System for electron 
discharge devices comprising a plurality of elec 
t"rde eierrents mounted in close space relation 
aid bounding a Substantially cylindrical space, 
meals electrically connecting said elements into 
two pairs in which the elements of each pair are 
interleaved with those of the other, means for 
in reSSing an alternating potential between the 
elements of one pair, and means for impressing 
an equal alternating potential 90 degrees out of 
phase with said first potential between the ele 
ments of the other pair, said electrode elements 
being so constructed and arranged that the po 
tential contribution factors of the elements of 
one pair to the gross potential of the system 
are proportional to 

--cos 0 2 and (t; ) 
respectively and the potential contribution fac 
to's of the elements of the other pair are propor 
tional to 

1 - sin 6 (I-sin 9) (1-gn ) ( (ign 
respectively, where 0 is the angle measured 
around the longitudinal axis of said cylindrical 
Space. 

3. A composite electrode System for electron 
discharge devices comprising for annular elec 
trode elements mounted in Superimposed closely 
adjacent relation and bounding a cylindrical 
Space, means for impressing an alternating po 
tential between one pair of alternate electrode 
elements, and means for impressing an equal al 
ternating potential 90 degrees out of phase with 
said first potential between the other pair of 
alternate electrode elements, said electrodes be 
ing So constructed and arranged that upon the 
application of Said potentials thereto the result 
ant potential along the boundary of said space 
varies according to the relation 

Vg=V COS (0-wi) 
Where Wig is said resultant potential, W is the 

- cos 6 

tures 29 in the discs of three groups and closely 75 maximum value of said alternating potentials, a 
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is the angle measured along said boundary about 
the longitudinal axis thereof, t is time and w is 
2T times the fied 3 ency of Said alternating po 
tentials. - 

4. A composite electrode System for electron. . 
discharge devices comprising a set of four elec 
trically individual coaxial cylindrical electrode 
elements mounted in closely adjacent edge-to 
edge relation, each of said electrode eiements 
varying in area, according to a corresponding 
One of the relations 

1+gs 9), (l -gs 9), ( in 9) ; and (l -n ') 
where 0 is the angle along the inner surface of 
the electrode element taken With respect to a 
coinnon radius for all of Said elements. 

5. A composite electrode system for electron 
discharge devices comprising a plurality of sets 
of four cylindrical electrode elements, said ele 
ments being mounted in coaxial, edge-to-edge 
relation, juxtaposed edges of adjacent electrodes 
CCInfoining to One another, means electrically 
connecting corresponding electrode elements of 
said sets ticgether into four groups, and the elec 
trode eleinents in each group varying in area. 
according to a corresponding one of the relations 

--cos 0Y (/1 - cos G 1 -sin 6Y. -Sin 6 (lit: ) ( ; ) (in ) and (; 
where 0 is the angle measured along said ele 
ments fi'On 3 radial reference plane, common to 
all of said elements. 

6. A composite electrode system for electron 
discharge devices conprising a set of four cylin 
drical electrode elements mounted in closely ad 
jace; it edge-to-edge relation and bounding a cy 
indrical surface, neans for impressing an alter 
nating potential between one pair of alternate 
electrode elements, means for impressing between 
the other pair of alternate electrodes an alter 
rating potential equal to and 90 degrees out of 
phase with said first potential, the juxtaposed 
sedges of adjacent electrode elements conforming 
to one another, and each of said elements vary 
ing in width, as measured parallel to the longi 
tudinal axis of said surface such that the re 
Sultant potential along said surface varies sub 
stantially according to the relation 

Vg=V COS (6-cyt) 
where Vs is the resultant potential, Wis the maxi 
naum value of said alternating potentials, 0 is 
the angle along Said Surface measured about said 
axis, c) is 2nt times the frequency of said alter 
nating potentials and t is time. 

7. An electron discharge device comprising a 
cylindrical composite electrode, a Cathode en 
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2,302,118 
compassed by and substantially coaxial with said 
composite electrode, a plurality of target elec 
trodes between said cathode and said composite 
electrode, said composite electrode comprising a 
set of four annular electrode elements mounted 
in closely adjacent relation, means for impreSS 
ing an alternating potential between one pair of 
alternate electrode elements, and means for im 
preSSing between the other pair of alternate 
electrode elements an alternating potential equal 
to and 90 degrees out of phase with said first 
alternating potential, said electrode elements be 
ing SO constructed and arranged that upon ap 
plication of said potentials thereto the resultant 
potential along the inner boundary of said com 
posite electrode varies according to the relation 

Vg=V (COS 0-wt) 
where Vig is said resultant potential, V is the 
rilaxifyllum value of said alternating potentials, 
6 is the aingle, along said boundary measured 
about the longitudinal axis thereof, o is 2n times 
the frequency of said alternating potentials, and 
i is time. 

8. An electron discharge device in accordance 
With clair in 7 wherein said electrode elements are 
Cylindrical aid mounted in edge-to-edge rela. 
tion, juxtaposed edges of adjacent elements con 
form to one another, and each of said elements 
varies in width about said axis according to a 
Coriesponding one of the relations 

(tgs 9) (-gs ) --sin 8 1 - sin 6 2 2 light), and (in ) 
9. A composite electrode system for electron 

dischafge devices comprising a set of four elec 
trode elements mounted in superimposed relation, 
€9,0h Of Said elements having a circular aperture 
therein, ne&is for impressing an alternating 
Ctistial between one pair of alternate elements, 
and means for impcessing an alternating poten 
tial 90 degrees out of phase with said first poten 
tial between the other pair of alternate elements, 
the apertullies in Said elements being offset such 
that the contribution factor of each of said ele 
nients to the resultant potential within said sys 
ten is given by the corresponding one of the 
relations 

1 --cos 6 1 - cos 0 1. --sin 6 1 - sin 6 
- 2 - ) - - - and (in ) 

Where 6 is the angle measured about the axis 
of the electrode system. 

10. A composite electrode system in accord 
ance With claim 9 wherein said electrode ele 
ments are eccentrically apertured discs mounted 
in coaxial relation. 

FRANK GRAY. 


