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: 1

Thie preseht invention relates to velocity modu-
1ation tubes and in particular to:such tubes used
-as amplifiers for ultra high frequencies.

According to features of the invention the ve-
-loeity modulation. tubé according to the inven-
tion comprises two units and two electron beams.
The electrons of the first beam are velocity modu-
lated in a first modulation resonator and excite
a catcher resonator. This catcher resonator op-
erates as a modulation resonator for a second
electron beam with a modulation factor higher
than that of the first modulation resonator, and
the electrons of this second beam excite a second
catcher resonator. .

With this double modulation proecess it is pos-
sible to secure a higher amplification factor for
the same output power and the tube may be con-
sidered as comprising g power amplifier preceded
by a pre-amplifier. '

The sbove mentioned and other features and =2

objects of thig invention will become more ap-
parent and the invention itself, though not neces-~
sarily defined by said features and objects, will
be best understood by reference to the following
description of an embodiment of the invention
* taken in conneetion with the accompanying
drawings wherein: :

Fig..1 shows g first embodiment, and

Fig, 2 shows a second embodiment of the in-
vention.. .

Referring now to Fig. 1 this figure shows a first
embodiment: comprising g first cathode 1 whose
potential is. chosen as:a reference potential for
the remainder of the description, a first concen-
trating or Wehnelt electrode 2 at a potential of
for instance —100 volts, a first modulating cavity
resonator 3 at a high potential, for-instance 6000
volts, a drift electrode 4 at a low potential, for
instance --50 volts, in which the electrons col-
lect:-into bunches.

This -drift electrode 4 is provided with two
auxiliary electrodes 5 and 6 of conical shape in-
tended: to focus the electron beam and which
are brought respectively to potentials of 43000
volts for electrode § and <500 volts for electrode
6, for example. -

The low intensity electron beam 8 from cathode
+ flows through the first part of the tube includ-
ing a second cavity resonator 1 to which it trans-
fers-high frequency energy.

After the drift electrode ig provided a second
cireular cathode 9 at a potential of, for instance
+600 volts, which is provided with a Wehnelt
electrode 10 at a. potential 100 volts lower than
the:eathode, 1. e, 4-500 volts.. - -
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The two electron beams 8 and 1 { flow through
resonator 1 which operates as 4 catcher resonator

for the first beam 8 and as a modulation resona-

tor for ‘the second beam il. - The resonator 1,
excited by beam 8 after the bunching of the elec-
trons in the drift electrode 4, velocity modulates
the second beam and the tube works as an ampli-
fier in which the second beam. [l works in a
manner similar to beam 8 i the first part-of the
tube structure. A second drift electrode 12 is
provided to" this effect following resonator 1
brought to a relatively low: potential of for in-
stance --1000 volts, in ‘which .the electrons are
slowed down and group themselves into bunches.
The potential and shape of the various electrodes
are so chosen that beam 11 be focalised at.the
level of the second catcher resonator (3.. On the

" contrary, the electrons of the first beam 8 are

collected by the third resonator 13. The' first
beam is of low intensity and may be collected by
the high potential resonator.13 without decreas-
ing substantialy the overall efficiency of the tube.

Since the angular opening of thé second beam
{1 is larger it is, on the contrary, focalised in
the opening of the. third resonator {3 brought
to-a potential of --7000 volts for instance, and
which operates as a catcher. resonator.: The
beam finally reaches a collector electrode I4 at
a relatively low potential, for instance 2000 volts.
A reflector 15 at a nul or negative potential, de~
flects the beam 11 toward.collector 14,

Fig. 2 shows another embodiment of the in-
vention comprising, as in the first embodiment, a
cathode 17, a Wehnelt electrode 18 at a negative
potential, for instance.—100 volts, a first reso-
nator at a potential of 46000 volts for instance, a
first drift electrode 20 at a low potential of, for
instance, 200 volts, provided with two auxiliary
electrodes 21 and 22 brought to the same poten-
tial of 200 volts for instance, which direct the
beam into.the drift tube 20.-

Inside tube 20 is provided a second annular
cathode 23 at a potential of, for instance 300 volts,
which generates a second conical beam 24 with a
smaller angle than the first beam 25.

The two beams flow through the second reso-
nator 26 which works as a catcher resonator for
the first beam and as modulation resonator for
the second beam. oo

The second beam ‘24 flows through a second
drift electrode 27T at-a relatively low potential,
1000 volts for. instance, in which the electrons
are slowed down and grouped-into bunches. "The
beam. then ‘flows through a eatcher resonator
28 at a npotential 'of, for instance, 7000 volts
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and is collected by a collector electrode 28 brought
to a reduced potential of, for instance, 42000
volts and which is provided with a reflector 30 at
a nul or negative potential for repulsing the
electrons towards the collector electrode.
According to the second embodiment the first
beam has an angular opening greater than the
second beam and at the output of the second

<

resonator the first beam cannot penetrate into

the second drift electrode and is collected by the
said second electrode which is at a high poten-

10

second resonator for collecting the electrons from
said second beam. .

4. A velocity modulation:tube, comprising a
first electron gun for projecting g first beam along
a beam path, a first cavity resonator adjacent

-said first gun and about said. beam- path for

velocity modulating said first beam, a second
electron gun disposed in said beam path adjacent
and beyond said first resonator for projecting a

.second beain along said beam path, said first gun

“‘having means for focussing said first beam past

tial, the overall efficiency is however not sub- -

stantially affected on account -of
tensity of this first beam.
The tube which has just been described con-

the low in-- .

sald second gun;-a second cavity resonator ad-

-jacent said seecond gun and about said beam

" bath for extracting energy from said first- beam

stitutes an output amplifier preceded by a pre- .
amplifier in which the modulation resonator of :

the output amplifier coincides with the c‘a,tqher
resonator of the pre-amplifier. ' S

The same means which have been set forth
in relation with Figs. 1 and 2 may be used for
making tubes having more than two stages. The
size of such tubes is therefore greatly reduced,
moreover the tubes made according to the-in-
vention have the advantage of overcoming the
difficulties of high frequency coupling between
two amplifiers. i - i :

While we have described above a particular
embodiment of our -invention for purpose of il-

lustration it should be understood that-various :

modifications and adaptations thereof may be
made within the spirit of . the invention as set
forth in the appended claims. : o

What we claim is: - : Coe T

1, A velocity modulation tube, comprising g first
electron gun for:projecting a first beam’ along a
beam path, a first cavity resonator adjacent said
first gun and about said beéam path for veloeity
modulating said first beam, a second electron gun
adjacent and beyond said first resonator for pro-
jecting a second beam along said beam path, a
second cavity resonator adjacent said second gun
and about said beam path for extracting energy
from said first beam and for velocity modulating
said second keam, and a third cavity resonator
adjacent said second resonator and about said
beam. path for extracting energy from said sec-
ond beam. . ’ : oo

2.°A velocity modulation tube, .comprising a

first electron gun for projecting a first beam along :

a beam path, a first. cavity resonator adjacent
said first gun and about said beam path for ve-
locity modulating said first beam, a second elec-
tron gun adjacent and beyond said first resonator
and about said beam path for projecting a sec-
ond beam along said beam -path, said first gun
having means for focussing said first beam to
pass through said second gun, a second cavity
resonator adjacent said second gun and about
said beam path for extracting energy from said
first beam and for velocity modulating said second
beam, a drift tube adjacent said second cavity
resonator and about said beam path for stop-
ping said first beam, and a third cavity resonator
adjacent said drift tube and about said beam
path for extracting energy from said second
beam. : ;

3. A velocity modulation tube according to
claim ‘2 further comprising means by which a
potential difference may be applied between said
drift tube and said second cavity resonator to
cause the electrons in said first beam to be col-
lected by said second cavity resonator before
passage therethrough and means beyond said

20

and for veélocity modulating said second beam, a
drift. space defining means adjacent said second

‘resonator for stopping said first beam, and a
“third €avity resonator adjacent said drift space
“defining means and about said beam path for

extracting energy from said second beam.
5. A velocity modulation tube according  to
claim 4 further comprising means by which a

" potential may be applied to said-drift space de-
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fining means to reflect said first beam for collec-

tion by said second resonator and means ad-
jacent said third resonsator for collecting said
second beam. -~ -~ . : o

‘6. A velocity modulation “tube, comprising a
first - velocity - modulation structure having. a
modulating cavity resonator and a catcher cavity
resonator, a first. electron -gun-for projecting a
first beam of- electrons through said resonators
and means adjacent said catcher resonator
for collecting electrons in said first beam, and g
second - velocity - modulation structure including
a -second electron’ gun mounted between: said
modulating and catcher resonators of said first
structure for projecting a second electron beam
through said catcher resonator and further in-
cluding. a second catcher cavity resonator ad-
jacent said first beam collecting means and about
the path of said second beam. T

7. A velocity modulation -tube comprising  a
first - velocity - modulation structure -having a
modulating cavity resonator and a catcher cavity
resonator, a -second velocity modulation ‘struc-
ture, the catcher cavity resonator of said frst
structure constituting s modulating cavity re-
sonator for said-second structure, said second
structure having a catcher resonator, a frst
electron gun disposed adjacent the modulating
cavity resonator of said first velocity modulating
structure for - projecting. - an ' electron beam
through said first velocity modulation structure
and a second electron sun disposed between the
modulating and catcher cavity resonators of said
first velocity ‘modulating structure for projecting
an electron beam through the said second veloc-
ity modulation structure. i

8. A velocity modulation tube” comprising a
first electron beam source, g first velocity modu~
lation structure having a modulating ‘and a
catcher- resonator disposed- in -alignment with
said first beam source, a first means for focusing
the electron beam of said first source through
said cavity resonators, a second electron beam
source - disposed between the modulating and
catcher resonators -of said first velocity. modu-~
lating structure, a second velocity modulation
structure having a catcher resonator, a second
means for focusing the electron beam of said
second source through the catcher resonator of
said first modulation structure thence through
the catcher resonator of said second structure.

8. In a velocity modulstion tube, a first elec-
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tron beam source, a second electron beam source
disposed in tandem relation with respect to said
first beam source for beam travel along a com-
mon path, means to modulate said first beam,
means disposed adjacent said common path to
transfer the modulation of said first beam to
said second beam, and means adjacent the path
of said second beam to receive modulated energy
from said second beam.

10. In a velocity modulation tube according
to claim 9, wherein the means to transfer the
modulation of said first beam to said second
beam includes a cavity resonator disposed ad-
jacent the paths of both said first. and said second
beams.

11. In a velocity modulation ftube according
to claim .9, wherein each of the three means re-
cited therein includes a cavity resonator.

10

6
12. In a velocity modulation tube according to

claim 11 further including focusing electrodes
to direct said first beam through the first and
second resonators only and to direct the sec-
ond. beam through the second and third re-
sonators only.

EMILE TOURATON.

CLAUDE DUMOUSSEAU.

REFERENCES CITED

-The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,190,515 Hahn e Feb. 13, 1940
2,403,795 Hahn oo ———-duly 9, 1946

Anderson —eeeremam— Oct. 22, 1946

2,409,608




