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1

Our invention relates to a thermionic tube in-
tended for the amplification of -electromagnetic
waves, in particular of very high frequency elec-
tromagnetic' .waves.: The amplification is ob-
tained by interaction between an electron beam
and a traveling wave guided by a retardation
line. -This interaction between the electromag-
netic. wave and the electron beam takes place
inside a time-constant transverse electric field
having its lines of force at right angles to the
direction of propagation of the beam and of the
wave, and: a time-constant magnetic field also
having its lines of force at right angles to the di-
rection of the beam and also to those of said
time-constant electric field. The existence both
of the electric field and the magnetic field, both
fields  being substantially time-constant, is the
essential feature of the tube according to the in~
vention as compared to the normal travelling-
wave tube which, for example, is described in the
publications of J. R. Pierce, Proc: Inst. Radio Eng.,
February 1947, or of J. Bernier, Annales .de
Radicéléctricité, January 1947. But these dif-
ferences are the basis.of a number of particular
advantages of the tube according to the inven-
tion, inter alia-a much higher efficiency and an
essentially greater useful power, which are the
most important.

The principle of the invention is connected with
the application of Dohler, Xleen and Huber, Se-
rial No. 794,164, filed December 27, 1947, and now
Patent No. 2,511,407,  but with respect to that
patent the features of the present invention which
are set forth hereinafter have been found in prac-
tice to have a number of advantages.

The above mentioned patent describes a tube
comprising a .delay line between the preferably
concentric conductors. of which there. exists a
time-constant electric field. . An electron beam
is adapted to move inside said line in the direc-
tion of the periphery, this movement of the elec-
trons heing produced by a time-constant magnetic
field having its lines of force in the direction of
the axis of the system. ‘A signal applied o the
input of the . tube produces a travelling wave
which is propagated along the .line and, owing
to the interaction between said line and the elec-
tron beam, an amplified signal can be collected
at the output end. But as experience has shown,
this shape of tube creates a difficulty for decou-
pling the output and the input ends owing to the
mubual proximity of the output and input ele-
ments. Consequently, there is danger of reac-
tion occurring which causes self-oscillation of the
tube and which, as. is obvious, makes it difficult
to use the tube as an amplifier. ‘This effect, which
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2
is difficult to avoid in a cylindrical tube having
concentric conductors, is eliminated in the var-
ious shapes of tubes described hereinafter.

According to an essential feature of our in-
vention, interaction between the input and the
output ends of the tube .of the type described is
eliminated by the linear shape which is given
to the delay line.

According to another feature of the invention,
the delay is produced by means of fins pro-
vided either on one of the conductors of the line
or, according to a further feature, on both con-
ductors.

According to a still further feature, a plural-
ity of electron beams are made to interact suc-
cessively with the same delay line, one of said
beams beginning to act when the amplification
of the wave produced by the previous beam ceases
to increase sufficiently.

Matching means are provided for preventing
the amplified wave from being reflected at each
discontinuity of the circuit caused by the means
for introducing the various beams.

Other features will become apparent on read-
ing the explanation which is given hereinafter
and which describes a number of non-limitative
embodiments of tubes according to the invention
which are illustrated in the accompanying draw-
ings.

In said drawings:

Fig. .1 is a diagrammatic perspective view
illustrating the operating principle of the inven-
tion;

 Fig. 2 is an explanatory diagram illustrating
the forces at work in the tubes according to the
invention;

Pig. 3 shows a longitudinal section of a tube
in a glass container and wherein, as a modifica-
tion, a plurality of cathodes are provided instead
of one cathode, Fig. 3a being a cross-section on
line -3a—3a;

‘Figs. 4a to 4d show diagrammatically the shape
which may be given to one of the conductors of
the delay line of the tube, those illustrated in
Wigs. 40 to 4d being intended to provide a match-
ing of the delay line at the input and output
ends of the tube;

Fig. 5 shows the principle of a tube in which
the cathode is not located in the plane of one of
the conductors of the delay line but in the space
between the two conductors, a construction which
has a number of advantages which are described
hereinafter;

Figs. 6 and 7 show a tube, respectively in trans-
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verse section and in longitudinal section, in which
the delay line does not contain a conductor pro-
vided with fins, but wherein the wave is delayed
by means of a wire bent into a sinuous shape
which constrains the wave to follow a round-
about path and therefore decreases the axial com-
ponent of the velocity of the wave; .

Fig. 8 shows diagrammatically a tube in which
the cathode is not located inside the delay line
and the electron beam is injected from oufside
into the amplifying system;

Fig. 9 shows a modification of the tube shown
in Fig. 3, which illustrates in particular the con-
struction of reflection correctors;

Fig. 10 shows an embodiment in which the
delay line comprises two symmetrical portions;
and .

Fig. 11 shows an embodiment of a delay line
with an adjustable phase velocity of the guided
wave.

The principle of a tube according to the in-
vention is shown in Fig. 1. 1In said figure, there
are shown the conductors | and 2 of a line which
enables a wave to be delayed and in which the
electric vector of the guided wave has both a
longitudinal component in the direction Z and a
transverse component in the direction X. The
line is linear and in the interaction duct be-
tween its two conductors there is a substantially
time-constant transverse electric field E pro-
duced by applying different potentials to the con-
ductors 1 and 2, the potential of conductor { be-
ing positive with respect to that of conductor 2.
An induced magnetic field B is applied to the
tube with its lines of force in the direction , i. e.
at right angles to the lines of force of the elec-
tric field E and to the direction Z of the propaga-
tion of the electron beam. Inside the line, the
wave may be delayed by various means; in Fig. 1,
for example, it is delayed by means of a number
of fins 3; other means will be mentioned herein-
after. The signal is applied to the input 4 of
the tube. The matching is obtained by means
of members which, by way of example, are shown
in Fig. 1 in the shape of a widening 5 of the
portion of the two conductors between the line
at the input and the line inside the tube. Other
matching means will be referred to hereinafter.
At the output 6 of the tube, the matching is ob-
tained by means of a narrowing 7 of the por-
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or more exactly the portion of these lines
of force that extends beyond the fins of a wave
propagated along the delay line in the direction
Z. It will be assumed that the average velocity
of the electrons in the same direction, and which
is given by:

Vo=§ 9]

is equal to the velocity of propagation of the
wave. Consider an electron which is located at
the point A, i. e. in an accelerating field towards
the anode. This corresponds to a greater (static
-+ U. H. F.) total electric field E; consequent-
ly according to Equation 1 a higher velocity is
obtained and the electron moves (together with
the wave) towards the point C where there is a
delaying field. An electron located at the point
B’ is in a total transverse electric field which is
smaller than the mean value. According to
Equation 1, Vo becomes smaller, the eleciron is
delayed and also moves towards the point C in
the delaying field. The magnetic field, the eifect
of which is combined with that of the transverse
electric component of the wave, therefore pro-
duces a focusing of the electrons in a delaying
field, which is necessary for the transfer of energy
from the electron beam. Thus, as hereinbefore
mentioned, the magnetic field is of great im-
portance for the mechanism of the tube, since it
enables the electrons to be focused and grouped
in'a field of favorable phase for the amplication.

But the presence of the magnetic field pro-
duces yet another important effect. The elec-
trons which are focused at the point C are sub-
jected to two forces: that of the electric field eE
directed towards the conductor | and that of the
magnetic field (Lorentz force) evB directed
towards the conductor 2, » being the velocity of
the electron in the direction Z. 1If, owing to the
braking action exerted by the delaying field, v
is decreased, the force evB decreases and the
electron moves closer to the anode along the
path 9a¢ in Fig. 1, whereas an electron located
at the point D in an accelerating field moves to-
wards the cathode. Consequently, the electrons
which enter an accelerating field which is un-

- favorable for the transfer of energy to the wave

50

tion of the conductors between the line in the -

tube and the line at the output. The cathode
8 is located near the conductor { or in a slot
provided  therein, the electron stream leaving
the cathode owing to the presence of the D. C.
electric field. If suitable values are chosen for
E and B, electron paths are obtained which, when
there is no wave to be amplified, are of the shape
9 shown diagrammatically in Fig. 1.

Stress must be laid .on the fact that not only
does the application of a magnetic field to a pro-
gressive or travelling-wave tube act to curve the
trajectories into circles, but that said magnetic
field is of very great importance for the opera-
tion of the tube, even of a linear tube corre-
sponding to Fig. 1. The presence of this mag-
netic field produces a very high efficiency in such
a tube. This fact may be explained in the fol-
lowing manner by examining the mechanism of
the interaction between the longitudinal and
transverse electric vectors of a wave guided by
the delay line and the electron beam, in par-
ticular the influence of said wave on the trajec-
tories and velocities of the electrons.

In Fig. 2, are shown the lines of electric force,
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are moved away from the conductor [ (anode)
and enter a weaker field adjacent the collector
2. The electrons of unfavorable phase have no
important effect on the mechanism of the trans-
fer of energy and are even absorbed by the con-
ductor 2. The electrons of favorable phase move
towards the anode and transfer energy to the
wave and are absorbed by the anode when they
have only a very small amount of energy, the
greater part of the energy being converted into
electromagnetic energy of the wave.

The magnetic field combined with the trans-
verse electric field of the wave therefore causes
the electrons of unfavorable phase to move away
from the A. C. field, whereas the electrons of
favorable phase reach the anode at a very low
velocity despite the high positive potential of
said anode. It is obvious that such a fact means
a high efficiency of the tube.

This explanation of the mechanism of the tube
according to the invention is only qualitative
and rather rough. It neglects a number of addi-
tional effects, for example the effect of the cen-
trifugal force of the electrons. But this effect
as well as others, does not very greatly alter the
electronic mechanism of the tube, particularly
if the dimensions of the tube are adapted to the
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necessary requirements for preventing harmiful
effects.

Figs. 1 and 2 together with the foregoing de-
scription of the electronic behaviour serve as an
explanation -of the principle of the invention.
Hereinarter, practical embodiments of tubes will
be described, together with advantageous details
for their operation.

In Fig. 3, the system of the tube is located in-
side a glass container.  The conductors | and
2 of the delay line are again those between
which the transverse electric field-is applied.
Conductor | is raised to a positive potential with
respect to that of conductor 2, the voltages be-
ing applied to the leads-in 19 and {@1f. The con-
ductor 1 is provided with a number of fins 3 that
produce the delay of the wave. At hoth its ends,
the delay line has constricted portions 5 and 7
for the purpose of ‘matching the generator and
the load. The tube coniains one or more cath-
odes. 8, the provision of a plurality of cathodes
having the advantage of increasing the useful
power. The cathodes may advantageously be
spaced apart at decreasing distances from the in~
put to the output since the high frequency field in-
creases in an approximately exponential manner,
and the electrons therefore reach the anode quick-
er and quicker. It is also possible to replace the
discontinuous system of cathodes by a.single cath-
ode extending along the delay line. Fig. 3a shows
a, section through the plane 3a—-3a of one of the
cathodes 8 and of its leading-in wires which, by
way of example, are embedded in a flat pinch.
The ecathodes may be raised to the potential
of the conductor 2, or the potential of said con-
ductor may even be negative with respect to
the cathode which, as shown by tests, may have
an advantage which will be discussed herein-
after. The coupling of the fube both to the
generator and to the load is obtained by means
of the capacitances between the ends 4 and ©
of the inner line and the conductors 12 of two
Lecher lines. . The invention is obviously not
restricted to such a. form of coupling, it would

also be possible to make the inner line pass across

the container and thereby ocbtain any desired
couplings both at the input and at the output
of the tube.

For the behaviour of the tube as an amplifier,
the problem of matching both at the input and
at the output plays an important part. A suit-
able matching is not only unecessary for trans-
ferring all the useful power produced in the tube
to the utilization load, but it must exist so as to
prevent seli-osciliation of the tube. A bad
matching produces standing waves inside the
tube and conseguently oscillation. The con-
strictions at the ends of the delay line already
provide an improvement in the matching. But
it is preferable to vary the confours and the
heights of the fins at the end of the line.

Pigs. 4a to 4d show  diagrammatically such
constructions of the delay line by means of which
an essential improvement in the matching is
obtained. Fig. 4a repeats the regular arrange-
ment of fins 3 of Fig. 3, Figs. 4b, 4c, 4d enable
a hetter understanding of the novel arrangement
according to the  invention, in particulsr ‘the
variable height in Fig. 4b, the variakle distance
in Fig. 4¢ and the variaple contour in Fig. 4d.
The invention is not restricted: to the shapes il-
lustrated and as a-general provision, the height,
the distance and the contours-of the fins may
be varied at both ends of the delay line in order
to provide a better matching.
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In Figs. 1 and 2, the cathode or cathodes are
placed in the plane of one of the conductors of
the delay line. The principle of a modification
is shown in Fig. 5. In this figure, the cathode 8
s located inside the space between the conduc-
tors of the delay line. It may, for example, be
of the shape of a flat strip. This construction
has the following advantage:

Both tests and theory have shown that
it is is advantageous to raise the electrode 2 in
Figs. 1, 3, 4 and 5 to a negative potential with
respect to that of the cathode. This is compre-
hensible owing to the fact that by means of such
a negative potential, the paths of the electrons
are brought closer to the anode, i. e. into a region
in which the A. C. electric field of the wave is
stronger. - This produces & more intense inter-
action between the electron beam and the wave
that results in an increase in the gain. If, in the
constructions of Fig. 1 or Fig. 3 for example, the
potential of the electrode 2 is rendered negative,
this negative voltage has a very great effect on
the electron stream leaving the cathodes. The
electrode 2 acts as a control electrode on said
stream which is decreased or even eliminated by
a negative volfage on said electrode. This un-
favorable effect is much smaller if the cathode 8
is located inside the two conductors of the delay
line and a variation of the voltage of the condue-
tor only has a slight effect cn the cathode stream.
This principle is not restricted toa single cathode:
if the tube ig provided with a plurality of cath-
odes, they may all be located inside the delay
line.

Fig. 6 shows a transverse section and Fig. 7 a
longitudinsl section of a tube in which this prin-
ciple is embodied. In these figures, I” and 2 are
the conductors of the delay line. Contrary to the
shapes given to this line in the previous figures,
the delay is not cbtained by means of a conduc-
tor | provided with multiple fins, but by means of
a. helically wound. conducting wire {’ as shown in
Fig. 6.  The wave is provagated along the heli-
cal wire I’ at substantially the velocity of light
and it has transverse and longitudinal electric
vectors which are propagated in.the direction Z
with a velocity component which is essentially
lower than that of light. The whole system is
enclosed in a metal case {3 which, for example,
is. made of copper and is vaecuum-tight. The
helix 1’ is fixed by means of two ceramic mem-
bers. 14, preferably of aluminum or beryllium ox-
ide owing to the high temperature of the helix.
At its two ends the helix is connected to two
leading-in wires {5 which, as the inner conduc-
tors. of small coaxial lines, serve for coupling the
generator and the load respectively. 'The con-
ductor. 2 is also fixed in the ceramic members
and is connected to a leading-in wire 18 which
enables the D. C. voltage to be applied which, as
stated, should preferably be negative with re-
spect to-that of the cathodes 8. 17 are the lead-
ing-in wires of the ecathodes. This construe-
tion is in particular suitable for an amplifier of
very high useful power. After the electrons have
passed through the delay line, they are collected
by a collector 18§ formed of a block of copper
which, if necessary, may be coocled with water or
compressed air. (9 are the pole-pieces of a
permanent magnet or of an electro-magnet that
zerves‘ for producing the magnetic field inside the
ube.

It is also possible to inject the eleciron beam
from: outside into the system in which the inter-
action between the wave and said beam takes
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place. Such a construction is shown diagram-
" matically in Fig. 8. In this tube, the electron
beam is produced by means of an electron gun
which comprises the cathode 8, a focusing
(Wehnelt) electrode or buncher 29 and an anode
21. The tube again shows the modification in
which the delay line has two conductors {’’ and
2’ provided with elements that act to delay the
wave. - The conductors 1’ and 2’ consist of two
wires bent into a sinuous shape. Owing to this
shape of the conductors, the line has the neces-
sary longitudinal inductance for delaying the
wave and the guided wave has longitudinal and
transverse electric vectors. 19 is one pole of 3 per-
manent magnet or an electro-magnet, the other
pole being located outside the plane of the draw-
ing. At the end of the tube is located the catcher
I8 for collecting the electrons of the electron beam
after it has passed through the delay line. Be-
tween the conductors i’’ and 2’’ a D. C. voltage
is applied either across the input terminals &
or across the output terminals 6. The signal is
applied at 4, the amplified power is transferred
at 6, i. e. between the ends of the conductors
1’’, 2"’ which pass thiough passages in the col-
lector 8. The principle of injecting the elec-
tron beam from outside into the delay line is not
restricted to the construction of the tube accord-
ing to Fig. 8. It is also possible to use delay lines
of the shapes shown in the other figures, or one
in which a single conductor contains elements
that serve for decreasing the speed of propaga-~
tion of the wave.

In order to improve the matching at the ends
of the conductors, it is proposed to vary the pitch
of the wires near the input and the output of
the tube in such a manner that the speed of
propagation of the wave is increased outwards.

The successive introduction of a plurality of
beams by meangs of a plurality of cathodes (see
Fig. 6) forms obstacles on which the slowly propa-
gated electromagnetic wave may be partly re-
flected and thereby cause a faulty operation of
the tube. It is recommended, according to an-
other object of the invention, as shown diagram-
matically in Fig. 9, to arrange along the delay
line {, 2, obstacles which are preferably formed
by flat fins 22, the sizes and position of which
are suitable for correcting the reflections pro-
duced by the beams and the other obstacles
formed by the assemblies comprising the cathode
8 and the focusing electrode 23 which may be
used if desired.

Hereinbefore, only those circuits have been
considered that had a single series of transverse
fins in the upper part thereof, but it is also pos-
sible to contemplate tubes as shown in Fig. b, the
delay line of which comprises two portions i and
2, each of which is provided with elements 3
adapted to ‘delay the electromagnetic wave and
which are arranged in g substantially symmetri-
cal manner. In Fig. 10, in which these elements
are flat fins, some of said fins have been shown
of different sizes from the others so ag to enable
the wave reflections that might be produced by
the cathodes (8a), (8b) to be compensated. Said
cathodes have been shown in the shape of a cyl-
inder of small diameter and the fing on either
side of each of said cathodes form a focusing
electrode.

It is often convenient to be able to adjust the
phase velocity of the electromagnetic wave to the
mean. velocity of the electrons without thereby
altering the trajectory of said electrons. For this
burpose, it is possible to act by mechanical de-
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8

formation on the shape of the reduced phase-
velocity wave-guide by means of g device such as
that shown diagrammatically in Fig. 11. The
upper part | of the delay line is formed by a
metal sheet which is so bent that the medial por-
tion thereof supports the transverse fins 3, while
the spaces between these various fins 3 are cou-
bled to one another by the capacitors 24 and 25
formed by the ends of the fins and a fold of the
metal sheet. By varying the thickness of this
capacitative portion by compression, the phase
velocity of the wave can be varied. Another fold
26 of said metal sheet forms with the lower part
2 of the delay line, a capacitor which acts as
a short-circuit for the high-frequency field but
which enables conductors | and 2 to be raised
to different electrostatic potentials.

What we claim is:

1. An electronic amplifier comprising means
for establishing a substantially time-constant
magnetic field, a delay line including two spaced
parallel conductors of linear shape having their
surfaces parallel to the lines of force of the
magnetic field and defining therebetween an
electron and wave interaction duct located with-
in said field and extending in a plane substan-
tially perpendicular to the lines of force thereof,
a plurality of distinet emissive cathodes spaced
apart from each other along a conductor of the
delay line and having their surfaces substantially
parallel to the lines of force of the magnetic field
and position to emit a flow of electrons into said
duct and within said field, fins on said conductor
adjacent said cathodes and extending into said
duct to prevent wave reflections in said line due
to the presence of said cathodes, terminal con-
nections for applying a potential to said conduc-
tors giving rise to a substantially time-constant
electrical field therebetween in a direction sub-
stantially perpendicular to the lines of foree of
said magnetic field and to the plane of said duct,
at least one of said conductors including delaying
elements having the characteristics of longitu-
dinal inductances inserted in a Lecher line and
being so dimensioned that the phase velocity of
wave propagation along said delay line is less
than in space and substantially equal to the
veloeity of electron flow in said duct, said velocity
of electron flow being determined by the ratio of
the intensities of the electrical and magnetic
fields, and said conductors having radio-fre-
quency input and outbut extremities separated
from each other.

2. An amplifier according to claim 1 wherein
said cathodes are of flat strip form.

3. An amplifier according to claim 1 wherein
the distance between said conductors varies at
the portions thereof adjacent said extremities to
brovide correct matching of said input extremity
to a wave source and of said output extermity to
a load.

4. An amplifier according to claim 1 wherein
said elements comprise fins arranged as baffles,
at least one of the height, distance and contour
of said fins varying at the portions of said line
adjacent said extremities to provide correct
matching of said input extremity to a wave source
and of said output extremity to a load.

5. An amplifier according to claim 1 wherein
at least one of said emissive cathodes is located
in the space between said conductors, said one
cathode being adapted to be at an intermediate
potential between the potentials of said two con-
ductors. ’
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6. An amplifier according to claim 1 wherein
at least one of said conductors comprises fins ar- References Cited in the file of this patent
i'anlgeg as baffles i,pd a n:gt;ln s,heetdlfra,vfinig('1 a <1:en- UNITED STATES PATENTS
ral strip supporting sa s and a fold along
each longitudinal edge, means being provided 5 I\;urrézife Name ‘ ‘Df‘stem%
for varying the shape of said folds to vary the ,064,469  Haeff oo - Dec. 2 1038
phase velocity of wave propagation in said line. 2,122,588 . Potter —_-——-——-——--- Julyl . 921

7. An amplifier according to claim 1 wherein 2,241,976 Blewett et al. .- May 3;’ 19 i
the spaces between said cathodes decrease sub- 2,414,121 PIerce ———.—-------- Jan. 14, 1947
stantially exponentially in the direction of elec- 10 2,439,401  Smith oo Apr. 13, 1948
tron flow. 2,511,407 Kleen et al. - June 13, 1950

8. An amplifier according to claim 1 wherein 2,531,972 Doehler et al. ——————- Nov. 28, 1950
said delay line has a single continuous conduct- 2,566,087  Lerbs ————— oo Aug. 28, 1951
ing structure defining an uninterrupted wave 2578434  Lindenblad .- Dec. 11, 1951
path between two extremities thereof, said cath- 15 2,600,509  Lerbs oo June 17, 1952

odes being positioned between said extremities.




