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1. 
The present invention relates to an electron 

optic device interposed between the source of an 
electronic beam and the space between an anode 
and a cathode, in which space exists a magnetic 
and electric field crossed and perpendicular in 
the direction of the propagation of said beam. 
In the presently known devices of this kind, the 

ratio between electric field E and magnetic field 
B is maintained constant, and it is known that 
in Such conditions the paths of electrons are 
cycloidal, that is to say that Said electrons return 
periodically to the potential of the cathode as in 
the Static case of the magnetroin. 

It is known that the efficiency and gain of a 
tube functioning with such a beam are propor 
tionally as much greater as the amplitude of the 
cycloidal movement is weaker, and the present in 
vention is directed towards the means of reduc 
ing said amplitude in such a manner that the 
movement of the electrons becomes as rectilinear 
as possible. 
A means considered in the present invention 

consists of a progressive variation along the beam, 
of the relation between the electric and magnetic 
field, by operating on either one or the other of 
said fields, or on both. 
A further object of the present invention is 

to reduce as much as possible the length of the 
transitory space occupied by the electron optics 
in which the movement of the electrons loses : 
progressively its cycloidal characteristic, and con 
sists of an adequate arrangement at the Source 
of the electronic beam. 
The present invention will be better understood 

by means of the annexed drawings: 
Fig. 1, diagram showing the electronic paths. 
Figs. 2 and 3, a system employing the means 

conforming to the present invention. 
Figs. 4 and 5, two other embodiments of a Sec 

Ond System. 
Fig. 6, a form of cylindrical construction. 
Figs. 7, 8, 9 and 10, four Systems relative to the 

arrangement of the cathode, employing further 
means conforming to the present invention. 

Fig. 1 represents Schematically a System Com 
prising anode A and cathode C' between which is 
applied an electric field, a magnetic field B being 
applied perpendicularly relative to the plan of 
the drawing. A power source C, situated at the 
level of cathode C’ and connected to the poten 
tial of said cathode, produces a beam of electrons 
which travel perpendicularly between A and C' in 
the electric and magnetic field. In the known de 
vices, where the distance between A and C is 
constant, the electrons follow cycloidal paths as 
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shown by a. It is of advantage for the efficiency 
and gain that the electrons follow the rectilinear 
path d. The means conforming to the present 
invention assure that the electrons follow, if not 
the ideal path d, at least the intermediary paths 
b or c, or that the form of said paths approach 
gradually towards d, on passing progressively by 
b and C. 
The present invention is based on the fact that 

the form of the paths of electrons is influenced 
by the ratio E/B and that the amplitude of 
cycloidal movement becomes reduced in propor 
tion to the increase of said ratio. According to 
the present invention there is therefore provided 
an electron optics device in which said ratio in 
creases progressively in the direction of the beam 
propagation. 
A system represented in Fig. 2 in CrOSS Section, 

and in Fig. 3, plan view comprises means for 
diminishing progressively the magnetic field in 
the direction of the propagation of the beam 
the electric field remaining constant Said dim 
inution is effected by providing polar elements P1 
and P2 with an appropriate profile along the por 
tion l on which is effected the progressive trans 
formation of the cycloidal path e into a rectilinear 
path. The remaining references shown in Figs. 
2 and 3 have the same signification as in Fig. 1. 
For purposes of comparison there is indicated in 
dotted lines the cycloid followed by the electrons 
with the same constant fields in the homogeneous 
space between electrodes A and C. 
In practice it is easier to increase the electric 

field rather then to decrease the magnetic field 
in the direction of the propagation of the beam. 
Figs. 4 and 5 show simple forms of an electron 
optics effecting said increase. The same refer 
ences designating the same elements as in the 
preceding figures there is obtained, on bending 
to an angle or the negative electrode in Fig. 4 or 
the anode in Fig. 5. If the distance between 
cathode C and Space 2 where the fields E and B 
are homogeneous is great enough, the beam will 
be sufficiently linear on entering into space 2 even 
if the amplitude of the cycloidal movement at 
the beginning of space is relatively great. Any 
type of cathode can therefore be utilised, either 
plane oxide cathodes or directly heated or a fila 
ment the initial direction of the electrons, deter 
mining the beginning of the path being unim 
portant since whatever the initial path may be 
it has sufficient time to become linear before 
entering the homogeneous Space. 
The linear arrangements according to Figs. 4 

and 5 have often the disadvantage of being too 
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long. A means of avoiding this disadvantage 
consists of constructing the device in cylinder 
form, as shown in Fig. 6. 

Fig. 6 shows delay line H incoming at E and 
outgoing at S. Said delay line is at the same 
potential as anode A of the heretofore described 
electron optics device which comprised the Sane 
elements A, C, C, excepting that the electrodes 
are suitably incurved in order to inject the bean 
into the circular space between H and C, at the 
same time retaining the basic arrangement of 
Fig. 4. Collector P receives the electrons which 
are not absorbed by H. A power Source C, and 
a negative electrode C are of the same potential. 
The distance between C and A decreasing towards 
the constant distance between H and C’ the elec 
tric field increased in space i. The electron optic 
corresponding to said space is therefore in the 
non utilised space of the interior of housing T, 
of which latter no dimension need be changed. ; 
A further means of reducing the length of 

space in Figs. 4 and 5 consists of providing the 
cathode with a form and position in such a man 
ner that the initial directions of the emission of 
electrons are favorable to the rapid transfornia 
tion of their paths into a straight line, the aim 
plitude of the cycloidal movement being greatly 
reduced at the point of departure from said cath 
Ode. 

Fig. 7, representing the arrangement and refer 
ences of Fig. 4, shows the emitting Surface of 
cathode C practically perpendicular in relation 
to path e. Nevertheless, if the surface of said 
cathode is plane and large enough (in the Case 
where a strong emitting current is required), the 
paths will be approximately linear according to 
the point of emission of said cathode. To avoid 
this effect, the surface of said cathode is provided 
curved, as shown in Fig. 8, said curve being deter 
mined experimentally in such a manner that the 
paths rapidly assume a linear form independent 
of the point of emission. This effect can also be 
lessened by choosing a suitable angle 3 which 
forms said cathode surface with negative elec 
trode C. 
A further means of obtaining a distribution of 

the electric field flavorising the formation of a 
linear beam is shown in Fig. 9. Negative elec 
trode C' is divided into two electrodes C' and C''', 
of which C' is connected to power source C, i. 
whereas C'' is at negative potential in relation 
to C’. The intensity of the electric field increases 
in the direction of arrow f. Said field distribu 
tion is therefore not determined by the form of 
the electrodes as in Figs. 4 to 8, but by the dis 
tribution of the tension between the electrodes. 
The advantage of this arrangement is that it 
allows the choice of a desired position of the 
beam in Space 2 and the possibility of influencing, 
in a certain degree, the shape of the focusing 
field and consequently the focusing of the beam. 

It is obvious that the form and arrangements 
of the cathode in FigS. 7 and 8 can be applied 
to Fig. 9. The arrangements shown in Figs. 7 
and 8 can also be combined with the arrange 
ments shown in Fig. 4, thus obtaining the ar 
rangement shown in Fig. 10, Said Fig. 10 being 
understood Without any further description, the 
reference utilised being the same as in the pre 
ceding figures. 
The present invention is applicable to all tubes. 

Where the electronic beam moves perpendicularly 
to crossed electric and nagnetic fields and par 
ticularly to those where at least one of the elec 
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tric field electrodes is in the form of a delay line 
in which is propagated, parallel to Said beam, an 
electromagnetic wave intended to be amplified. 
The different forms of application and embodi 
nent of the present invention as represented in 
the annexed drawings are not limitative but on 
the contrary allow all the variations accessible 
to anyone skilled in the relevant art, particularly 
relative to the design and arrangement of the 
cathode and the means to be utilised to focus the 
emission of said cathode in a predetermined 
direction. 
What we claim is: 
1. An electronic tube comprising a pair of elec 

trodes extending substantially parallel over a, 
part of the tube length and provided with con 
nections to a potential source to establish an 
electric field between said electrodes, an elec 
tronic gun situated close to the beginning of the 
space between said electrodes and comprising 
means for injecting into said space an electronic 
bean essentially perpendicular to said electric 
field, means comprising a magnetic circuit for 
causing a substantially time-constant magnetic 
field to traverse said space in a direction perpen 
dicular to said electric field and to said bean, 
and means to cause the ratio between the inten 
sities of said electric and said magnetic field to 
increase in Said direction of propagation, the in 
tensity of the magnetic field and the difference 
of potentials between said electrodes remaining 
constant over the other part of the length of said 
Space. 

2. Electronic tube according to claim i, in 
Winich the magnetic circuit comprises a gap 
which increases in the direction of the propaga 
tion of the bean. 

3. Electronic tube according to claim 1, in 
which the distance between the electrodes de 
Crea.SeS in the direction of the propagation of the 
beam, at least in the vicinity of the entry of said 
beam into the space between said electrodes. 

4. Electronic tube according to claim 1, in 
which one of the electrodes, in the vicinity of the 
entry of the beam into the space between said 
electrodes is divided into Several portions Con 
nected to different potentials relating to the sec 
Ond electrode. 

5. Electronic tube according to clain. 1, in 
which at least one of the electrodes, in the vicin 
ity of the entry of the beam into the space be 
tween the electrodes, is bent at a Certain angle 
in relation to the second electrode. 

6. Electronic tube according to claim 5, in 
which the electronic gun is Situated at a certain 
part of the bent electrode, said part being bent 
at a right angle in relation to the part of the 
same electrode delimiting the entrance of the 
space traversed by the beam. 

7. Electronic tube according to claim. 6, in 
which the part of the electrode containing the 
electronic gun is concave in the direction of the 
beam. 
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