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1 Claim. (CL 250—157)

The present invention relates to new electron
tubes and ‘their utilisation and to circuits em-
ployed with such tubes.

The present application is a division of my
copending application Ser. No. 210,332, filed May
27, 1938, for “Electron tubes and circuits employ-
ing them.”" :

One of the objects of the invention is to im-
brove the output and operation of ultra-high
frequency systems, for example, employing fre-

quencies corresponding .to wave lengths of the
" order of the decimeter, the centimeter or eéven
of values considerably lower as well as frequen-
cies of higher wavelength.

In order to understand the nature of the pres-
ent invention, it seems well to make some re-
marks with regard to the output of the elec-
tron tubes employed in particular as oscillators.

The output of the normal oscillator or am-
plifier tubes, that is to say, those in which the
time of transit of the electrons remains short
with respect to the period of the oscillation, is all
the greater if the alternating tension between
electrodes is a fraction higher than the direct
tension in the source of supply (the output im-
pedance being assumed to be ohmic).

By applying this reasoning to tubes in which
the time of transit of the electrons is comparable
to the period, there will be found a double lim-
itation of the output of these tubes. The first
is the difficulty in achieving output circuits of a
sufficient impedance to obtain these high ten-
sions. This limitation is not directly bound up
with the use of electronic oscillators. It is sim-
ply due to the high frequencies which it is at-
tempted to use.

The second on the other hand is directly con-
nected "with “the method of operation of the
tubzss. One of the conditions necessary for the
operation of the present tubes is that the time
of transit of the electrons should not depart too
much from a mean suitable value related in a
fixed manner to the period. Now, this type of
transit depends upon the value of the alternat-
ing tension superposed on the direct tension.
Inasmuch as the high frequency tension is small
with respect to the direct tension, the above con-
dition is fulfilled. If it becomes comparable
with the direct tension it considerably modifies
the time of transit of the electrons which leave
at different moments in the pericd, and thus
limits the amplitude of the oscillation. It will
consequently be seen that the high frequency
tension must always remain small in proportion
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reasoning the output of the electron tubes will
thus seem theoretically limited to low values.

It is found, however, that the condition of-
fered by normal tubes of only being able to lead
to a good ouput if the alternating high frequency
tension becomes comparable with the direct ten-
sion is not inevitable in the case of electronic
oscillators. This will be seen by considering not
the output but the losses in the tubes and by
seeking for the condition which leads to the
minimum losses, that is to maximum output.

In the case of tubes in which the time of
transit is negligible, the losses are defined at any -
moment by the product of the tension and of
the instantaneous current, or more exactly by
the product of instantaneous eurrent multiplied
by the speed of the electrons (expressed in volts)
arriving at any moment on the positive electrode.
Inasmuch as the time of transit of the electrons
is negligible the two expressions are equivalent
since in this case the speed of the electrons ar-
riving on the positive. electrode is equal to the
tension ‘of this  electrode.

In the case in which the time of transit is com-
parable with the period the speed of the electrons
arriving on an electrode is not always that cor-
responding to the potential of this electrode.
This speed may be higher or lower than the
speed corresponding to the tension of this elec-
trode. The difference of speed in proportion
to the case of a negligible time of transit may
become great, in spite of a low high frequency
tension, in the case in which the electrons os-
cillate several times in the high frequency fields
before arriving on the electrode. It will be seen
that the instantaneous losses in such a tube are
no longer given by the product of the instantane-
ous current by the instantaneous tension. They
may be greater or smaller. This difference is
supplied -or absorbed by the oscillatory circuit.
The output of the tube thus no longer depends
in the same way on the high frequency tension
on the terminals of the load. The output is in-
creased if the speed of the electrons on arrival on
the electrode is smaller than that corresponding
to the potential electrode; it is reduced if the
speed is increased. )

The present invention provides arrangements
in which the electrons are systematically slowed
down by one or more feeds of high frequency,
and thus supply energy in one or more oscillatory
circuits, losing it themselves,

The present invention in accordance with one
of its aspects thus permits the said limitations

to the direct tension. In accordance with this 55 to be overcome; among others it provides an
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electron tube particularly adapted to the gen-

eration of ultra-high frequency waves, employ-.

ing one or more electronic bundles associated
with such means that the average speed of the
electrons of each bundle upon their arrival on a
target-electrode is less than the speed which cor-

responds to the difference of potential hetween

the source of electrons and the target.

In accordance with one feature of the inven-
tion these arrangements are such that the re-
tardation of the electrons is produced in the sys-
tem repeatedly under the action of the same
high frequency fleld, or flelds, so as to increase
the total energy given by the electrons con-
cerned to the oscillatory circuit.

In accordance with another feature of the ar-

rangement under consideration, the retardation’

of the mean speed of the electrons is produced by
the magnetic or eleetro-magnetic high frequency
fleld sustained by the energy given up by the
slowing down of the average speed of the elec-
trons,

The invention is not limited to the generation
of ultra-high frequency waves and the tubes de-
scribed here may be adapted to be employed for
the generation amplification or detection as well
as for various other applications, such for ex-
ample, as in oscillographic systems or television
systems, or for measuring apparatus.

The invention will be explained in detail in the
case of the generation of ultra-high frequency
waves, and indications will be given with regard
to its employ in other fields.

The present invention will be better understood
by means of the following description based on
the attached drawings in which:

Fig. 1 represents an example of a tube incorpo-
rating the features of the invention in which the
retardation of the electrons is ensured by means
of auxiliary cylindrical electrodes;

Fig. 2 is a modification of the device of Fig. 1
in which the retardation of the electrons is ob-

“tained by means of a wire wound in a conical
spiral;

Fig. 3 shows a particular embodiment of the
invention in which the electronic bundle ad-
vances in a zig-zag path; and

Fig, 4 is a section of the guide electrode struc-
ture of the device of Fig. 3, along the line 4—4;

Fig. 6 shows a device in accordance with cer-
tain features of the invention employed in the
magnetic field to guide the bundle along the
spiral;

Figs. 6 and 7 show a modification of the ar-
rangement of Fig. 5 in which the electiron emis-
sion takes place in one plane; and

Figs. 8 and 9 represent another modification of
the device of Fig. 5 employing pole pieces of a
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cult O and the target C are connected and
brought to the same direct potential. A longi-
tudinal magnetic field produced by the coil M
will be employed to assist in the concentration of
the bundle. .
Assuming that the oscillatory circuit has al-
ready a certain tension U cos «f let us consider
an electron passing from the inside of the elec-

- trode Lo to the inside of the electrode L1 at the
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magnet as electrodes for retarding the electrons. °

Referring to Fig. 1, an envelope E in which
vacuum is made contains an electron gun G of
the usual type which supplies a bundle of elec-
trons passing through a succession of cylindrical
electrodes Lo, L1, L2 etc., of decreasing lengths
and whose axis coincides with that of the bundle.
These electrodes are alternately connected to the
two poles of an oscillatory circuit O which can
alternatively be composed of a line having a
length of approximately a quarter wavelength,
or & whole multiple of a quarter wavelength. At
the end.of the cylindrical electrode structure is
a target electrode C. The electron gun G and

60

moment of the maximum of the high frequency
tension and at the instant when the first elec-
trode is positive with respect to the second. The
electron will be retarded by a value correspond-
ing in volts to the tension U, If the length of the
electrode I: is such that the electron thus re- -
tarded passes through it in a half period it will
again be retarded by the same value U in elec-
tron-volts, passing from the electrode L1 to the
electrode Lz and so on. Finally, after having
undergone & certain number of times the same
retardation it will fall on a plate C and be
eliminated,

It will be seen that the length of the electrodes
should decrease in accordance with the following

law:
L=L ’Uo—“nU

The linear speed of the electron is:

2e
v='\/_—7;Uo

or, taking into consideration the constants:
v=0.6X10 &/U volts cm./sec. It is desired that
the electron should pass through the electrode
L;: in a half period, hence:

- 27
Lo—0.6><109\/ 5

‘and

0.6 108
L _2f—“J—[]l

It will be seen that for the construction of ’che
tube it is already necessary to choose in advance
the tension U in the terminals of the oscillatory
circuit, or rather the ratio between the supply
tension Uo and the tension U. This ratio deter-
mines the law in accordance with which the
lengths of the successive electrodes must decrease,

If all the electrons clear the interval between
the electrodes Lo and I: at the moment of the
maximum of the retarding tension, they will fi-
nally be retarded in n times the value TU. 'I'he
output of the tube would be )

=rU

=T
Actually, the passage of the electrons takes place
in a continuous manner. If we take wt=¢, the
retardation undergone by an electron passing
from the electrode 7 to the electrode n+41 at the

moment corresponding to the phase ¢ we get:

65

sz=2;jU cos (on—mr) = (0.6 X 108247

The mean retardation of the electrons passing
the first interval is zero. The number of elec-
trons having undergone a certain retardation is
equal to the number which have undergone an

. acceleration of the same value,

70

the cathode K which co-operates therewith are -

respectively fed by sources of tension S, Si. The

gun @, the middle point of the oscillatory cir- 75

At the second interval, however, the electron
current is no longer uniformly distributed in
time. The electrons having undergone a retar-
dation equal to U volts take a half period to pass
through the electrode 1: and will be retarded by
U in passing IL: to Ls. The electrons which have
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undergone an acceleratior: of U volts take less
than a half period to pass through the same elec-
trode and will, consequently, undergo an acceler-
ation smaller than U volts in passing from Li—ZLa.
It will be seen that on the average a retardation
is found. }
- The complete calculation of the operation of
the tube shows that even for a tension of the
" oscillatory circuit different from that for which
the lengths of electrodes have been established,
the electronic bundle supplied energy to the os-
cillatory circuit. In particular, the bundle sup-
plies energy for as small high frequency tensions

as_desired which indicates that the tube can be

started like an oscillator, ,

In the particular case of a tube in which the
length of the electrodes has been established for
a ratio U/Uo==1/12 and having seven éylindrical
electrodes, the output is 13% if the eficient out-
put tension is equal to U/ V2. If the output ten-
sion is equal to 2U/ V2, the output is 18%, and if
the output tension is U/2 v2, the output is 3%.
If we bring the number of electrodes to thirteen,
that is to say, to the maximum possible for
U/Uo=1/12, the respective outputs become 13%,
35% and 25%.

It is clear that in the ca.se in which the total
length of the tube is comparable with the wave
length of the oscillation the law given previously
for the calculation of the lengths of the succes-
sive electrodes must be modified taking into con-
sideration the distribution of the temion along
the tube.

In the tube shown in Fig. | in which the spaces
between the electrodes are short with respect to
the length of the electrodes -the electrons are
only in the high frequency field Juring a small
portion of their journey. If the-wave length to
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of retarding electrodes, and its middic point is
connected to the electron gun G. The reflecting
electrodes are connected to a source S: of poten-
tial negative with respect to the cathode. Tar-

8 gets Ci, C2 are placed on the two Lecher wires

at the end of the structures.

The bundle of electrons F' passes between the
electrodes Ri parallel to the surface of these
electrodes, passes $>rough the interval between

10 the electrodes R: and the electrodes Rz at a cer-

tain angle different from 90°, then passes between
the electrodes Ra. On its approach to the re-
flecting electrode Pz at the outer edges of the
electrodes R2 the bundle is returned to the space

15 between Rz as shown, again passes between the

plates' R: and is returned by the elcctrode Pi.
The bundle thus advances in zig-zag along the
structure in order ﬂnally to strike one of the
targets C1 or Ca.

A tension U cos ot is assumed to exist between
the pairs of electrodes Ri1 and Ra. If the time
between the two successive passages through the
~ interval between the electrodes Ri1 and Rz is a

half period the electrode will be retarded on each
og journey if it has been retarded on the first jour-
ney. If the form of the electrodes is suitably
chosen we then find in consequence of consider-
ations similar to those given for the tube of
Fig. 1 that the electrons will be retarded on the
average and will consequently supply energy to
the oscillatory circuit composed of the tuned
transmission line O.

If the form of the reflecting electrode P: or
Py is suitably chosen the electro-static field be-

38 tween the main electrode and the reflecting elec-

trode is such that it forms an electronic lens
assisting to maintain the concentration of the
electron bundle. This field is represented sche-

matically in Fig. 4 by means of its equipotential

be produced is very short such tubes are difficult g9 jines,

to carry out. In this case it is preferable to make

use of the electric field of a stronger wave on a

tuned line. An embodiment  employirg this
means is shown in Fig, 2.

In this figure the electron gun G, target c
and . the middle point of the tuned line O are
connected to the same source S so as to have the
same direct potential as in the case of Fig. 1.
An auxiliary concentrating magnetic field can
also be provided.

The tuned line is composed of a wire wound in
a conical spiral and associated with an outside

circuit O. By means of this outside circuit

stronger waves are created on this spiral. As the
nodes (or tension loops) are at equal distances
along the wire forming the spiral the axial dis-
tance of these nodes (or loops) decreases from
left to right in the example shown. We thus get
a high frequency stationary axial field whose ten-
sion loops are more and more close to each other
going from left to right, and the electron bundle
will undergo a retardation similar to that which
it undergoes in the tube, Fig. 1.

Fig. 3 represents another embodiment of a de-
vice. for the systematic retardation of the elec-
trons comprising an evacuated - envelope E in
which are arranged an electron gun G, two pairs
of deflecting plates D1, D2 operating in the ordi-
nary way to produce and define an electron

bundle and two pairs of metal retarding plates 79

Ri1, Rz respectively associated with metallic re-
flecting electrodes P1 and P2. Fig. 4 shows a
section of this figure along the line 4—4, Fig. 3.
- The oscillatory output circuit O compused, for ex-

ample, of a Lecher line is connected to each pair 73

85

Fig. 5 to which we will now refer gives an em-
bodiment of an electron retarding tube with a
magnetic deflecting field.

In this drawing an envelope E in which vac-

43 uum is made contains an electron gun G asso-

ciated with the pairs of ordinary deflectors Di
and Ds, and retarding electrodes F- and Rz. An
oscillatory output circuit O connected to the
plates R: and Ra has its middle point in the same
potential as the electron gun G. - ,
Each retarding electrode is formed of two
plane parallel half discs close together, connected
at the middle of their rectilinear edges by a small
plate serving as target Ci. The half discs also

88 support by radial connections a target Cz: at one

point of their periphery. As will be seen later

on, these latter targets are not indispensable.
The operation of such a tube is as follows:
The two formulae relating to the movement of

60 the electrons in a plane perpendicular to a uni-

form magnetic field H and in a space devoid of
electric fleld are as follows:

1. The path of the electrons is the radius of a
circle:

=T
P=¢

e

in which

i
p=3.37-J P om.
U being the speed of the electrons in electron

volts and H the magnetic field in gauss.
© 2. Their angular velocity is:

w=1.76X107 H sec -1,




. Itis independent of the speed of the electrons
employed.

The two electrodes Ra and Rz are placed in a

uniform magnetic fleld H perpendicular to the

plane of the electrodes. The frequency proper f .

of the oscillatory circult O is equal to:
f——-———l 76 X10'H

An electron bundle F is thrown perpendicularly
into the magnetic field and tangentially with re-
spect to the circle formed by the two electrodes.

The speed of the electrons of the bundle is glven :
18

in electron-volts by:

rH?
Uo=\337

r being the external radius of the electrodes.
Let us recall the term: »=1.76 Hx10?. The
electrons will describe a semi-circle in the period

'—2f _
independent of their period. If an electron has
crossed the separation between one side of the
~ two electrodes at the moment %1, it will pass a
second time through the separation of the other
- side of the electrodes one half period later and
so on, that is to say, it will pass the separations
‘at the same portion of the period.

If the electron passes the first time from one

'10
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As half the electrons are accelerated and the
other half retarded the theoretical output of thisv
tube is given by the expression: .

7"-n‘a+ ﬁm

r»=1-
In order that this may be upheld it is necessary

that:
r’mm—l-r“m-.x<2r2

which is easily realised.
If this latter condition is fulﬁlled as well as
the conditions which relate the intensity of the

" fleld to the proper frequency of the oscillatory

20
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electrode to the other at the moment when it is -

retarded, it will be retarded in all the succes-
sive journeys. As moreover, its speed decreases
on each journey the radius of its path also de-

creases and it will describe a spiral which will get

nearer to the centre of the electrodes.

If, on the other hand, the electron passes the
separation the first time at the moment when it
is accelerated it will be accelerated each time it
passes by the same value, in volts; it will describe
-& spiral which gets further and further from the
centre of the electrodes. This acceleration takes
place at the expense of the energy of the oscil-
latory circuit in the same way that the retarda-
tion takes place to the benefit of the energy in
the oscillatory circuit.

It is sufficient to limit the diameter of the

" paths of the electrons in order to limit the energy
taken up by the accelerated electrons. This lim-
itation takes place automatically by the limited
diameter of the electrodes, but it can also be ob-
tained by placing targets in the path of the ac-
celerated electrodes. It is also possible to fix a
lower limit to the speed of the electrons by means
of targets C1 in the path of the retarded electrons.

This latter target Ci: thus determines the
smallest radius of curvature of the paths in the
retarded electrons. 'The ratio between the speed
of the electrons before entering the retarding
system and the speed of the electrons on the
arrival at the internal target Ci is given by:

LY/ T

Unisn min
rmin being the distance at the centre of the re-
tarding system to the edge of the target Ci.

- In the same way the maximum speed of the
. accelerated electrons is given by:

’ Uy 1

Vo =P

maz

40
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rmax being the distance from the centre to the

internal edges of the targets Ci.

(]

circuit, and the feed tension to the magnetic field
and to the external radius of the retarding elec-
trodes, the electrons supply energy to the oscil-
latory circuit.

Figs. 6 and 7 represent another embodiment
incorporating -features of the invention.

An evacuating envelope E contains a hot cir-
cular cathode K of any known suitable type,
placed between two annular plane reflecting elec-
trodes P: and P2 concentric with the cathode,
Between the plane of the cathode ‘and the re-
flecting electrodes are arranged two . electrodes
Ri1 and Rz similar to those of Fig. 5, and pro-
vided with central targets C: and peripheral tar-
gets C2. The oscillatory circuit O is connected
to the half-discs R1 and Ra and its middle point
is connected to the positive side-of the direct
source Sz.. The source S: maintains the elec-
trodes P: and P2 at a negative potential with re-
spect to the cathode. The whole of the device
is placed in a uniform magnetic field of suitable
intensity perpendicular to the plane of the elec-
trodes.

The operation of the device is similar to that
of the device of Fig. 5 with the exception that
the cathodic emissien takes place in the plane of
the cathode towards the centre. The electrodes
P1 and P2 serve to prevent the emission of the
electrons outside the plane of the cathode.

Figs. 8 and 9 show another modification of
the tube structure shown in Fig. 5.

The electron gun G and the pairs of deflecting
plates D: and D2 supply a thermionic bundle
which may be exactly directed towards and to
one side of a gap between two pole-pieces with
preferably circular section T1 and T2 of a mag-
netic stbstance covered with a layer of good con-
ducting metal such as copper, silver ete.; these
pieces are of such shape that at the same time
they constitute the retarding electrodes corre-
sponding to the electrodes R: and Rz of Fig. 5
and two tuned transmission lines forming an
output oscillatory circuit. For this purpose the
pieces T: and T: are longitudinally split as shown.
The length of these splits is approximately equal -
to a quarter or to a whole multiple of a quarter
of the operative wave length. Targets C: prefer-
ably of non-magnetic material, are provided near
the centre of the air-gap. Targets similar to the
targets Cz2 in Fig. 5 can also be provided outside
the air gap. The pole pieces T: and T2 pass in
vacuum tight fashion through the walls of the
envelope E. A magnetic field is produced in the
air gap either by means of an electro-magnet M,
or by means of permanent magnets. The source
S is connected between the cathode K and the
electron gun G- which is directly connected to -
the body of the two pole pieces.

The coupling with a loading circuit, such for
example as a dipole antennga, can be carried out
by connections N, N in any position along the
tuned oscillatory circuit T: or Tz which pemits a
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choice of the loading impedance and of the oscil-
iaiztory circuit by simple adjustment of said posi-
on.

The path of the bundle of electrons is indi-
cated at F. The operation of the device is similar
to that of the device of Fiig. 5.

In the systems employing a magnetic field for
the guiding of the bundle the retarding electrodes
shown are constituted by discs cut along a di-
ameter, but it is clear that such electrodes can
be provided according to the requirements in the
form of a certain number of identical sectors,
preferably even in number. These sectors may,
of course, be such that once assembled they give
a polygonal figure instead of a circumference.
These ‘sectors must be alternately connected to
the two poles of the oscillatory circuit. The re-
lation between the frequency of the oscillatory
circuit and the intensity of the magnetic field is
changed, the intensity of the fleld decreasing in
inverse ratio to the number of pairs of electrodes.

When we produce an oscillator device by the
means which have just been described we have
at our disposal a negative resistance effect which
can be utilised in the amplification of electrical
oscillations, for example, of the same order of
magnitude as that of the oscillations which can
be produced by the tube, when the conditions
of operation are adjusted to be outside the range
of conditions in which self-oscillation occurs.

In the case in which it is desired to employ
such tubes as modulated oscillation generators it

<
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is possible to provide inside the tubes which
have just been described electrodes having an in-
fluence on either the intensity or the direction
of the electronic bundle or bundles employed.

Other arrangements within the spirit of the
invention and within the scope of the appended
claim will be apparent to those versed in the
art,

What is claimed is: -

An electron tube including a source of elec-
trons, means for directing said electrons in a
flat spiral path and applying a retarding field
thereto, said means including a pair of aligned
magnetic pole pieces arranged in spaced relation,
the opposed spaced ends of said pole pieces hav-
ing generally circular surfaces and serving as op-
posed electrodes, said pole pieces having longitu-
dinally and diametrically extending gaps formed
as by cutting said pole pieces longitudinally along
a given diameter thus providing diametrically ex-
tending uniform gaps in the electrode surfaces of
said pole pieces, the longitudinal lengths of said
pole-piece gaps being substantially equal to an
integer multiple of one quarter the wave length
of the desired operating frequency, whereby said
electrode structures may simultaneously serve to
direct electrons between said circular surfaces in
a flat spiral path and also resonate of themselves
as transmission lines.

ANDRE GABRIEL CLAVIER.
ERNEST ROSTAS.




