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1 Claim.
1

This invention relates to electron discharge de-
vices, and particularly to discharge devices of
the type incorporating hollow-body resonators.

Physical considerations, as well as electrical
and electronic, introduce limitations on the out-
put of a discharge device of the designated class,
both as to power developed, amplification, and
other characterizations. The problem accord-
ingly presents itself as to how to overcome such
limitations and produce the desired output which
is required above the productive capabilities of
the discharge device. It is recognized in the ait
that hollow-body resonators must he designed
with strict regard to the. wave-length or fre-
quency and the shorter such wave-length, then
the smaller the resonators must be.  However,
in making resonators smaller, other parts have
to be reduced in size and output accordingly suf-
fers. )

An object of the present invention is {o over-
come deficiencies of the prior art ag to limitation
of power output obtainable from electron dis-
charge devices of the hollow-body resonator type.

Another object of the present invention is to
obtain desired power output by grouping a. plu-
rality of the said discharge devices in such man-
ner that the individual outputs are combined as
the augmented usable final output.

A further object of the invention is to effec-
tively match the wave output of one device with
respect to oscillations of one or more supple-
mental devices to obtain an additive relation-
ship of wave propagation and output.

A still further object of the invention is to ob-
tain matching by exteriorly operated adjusting
mechanism. - -

Yet other obijects of the present invention will
appear to those skilled in the art as the descrip-
tion progresses, both by direct statement thereof
and by implication from the context.

Explanation in fuller detail of the invention
will follow in conjunction with and reference to
the accompanying drawing wherein the figure is
a view partly in elevation and partly in section
illustrating one physical embodiment of our con-
cept.

Basically the present invention comprises uti-
lization of a plurality of micro-wave preducing
units 10, 11, 12 under the general characteriza-
tion of electron discharge devices, with a novel
coupling thereof so as to augment the power out-
put of each by the power oufput of the others
and obtain a resultant greater power output than
any one unit would be capable of producing. To
appreciate the lack of capability of one unit to
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produce the desired power, the inherent limita-

tions of the structure involved must be under-

stood. - As the several units are of the same con-
struction, description of one will suffice for all.

Accordingly, each said unit comprises an evac-
vated metallic structure providing two hollow-
body resonators {3, 14 within which fields, com-
prising - standing -electromagnetic waves, are
adapted to be set up by the passage of a stream
of electrons through restricted- parts- (5, - 16
thereof. The said resonators I3, 14 are so con-
structed- that they have, or may be adjusted to
have substantially the same resonant frequency:
They are also so constructed that electrons pass
completely through the fields of said restricted
parts {8, 16 of said resonators, preferably within
the period of a half cycle or less of the operating
resonant frequency of the resonators. With the
electric vector of the electric field of each res-
onator acting along the line of travel of the elec-
trons and upon the latter for a time preferably
equal to one-half cycle or less, successive elec-
trons of the stream will emerge from the- re-
stricted part 18 of the initial resonator 13, re-
ferred to as the buncher, with- variable velocities,
and will. move through a field-free space 171 sep-
arating the restricted parts 13, {6 of the res-
onators, whereby a concentration of electrons
will form -around electrons of normal velocity
that are preceded by slow electrons and followed
by fast electrons. Likewise, diminished numbers
of electrons will obtain around electrons of nor-
mal veloeity that are preceded by fast electrons
and followed by slow electrons. Thus, the elec-
trons of the stream pass a given point in waves
of inereasing and decreasing density, which
waves are caused to pass through the restricted
part 16 of the second resonator 4, referred to
as the catcher, by virtue of which, in conjunction
with equality of resonant frequency of the two
resonators and proper length of field-free space
{T therebetween, electromagnetic waves are exX-
cited in the second resonator or catcher 14 that
are stronger than those existing in the-initial
With proper coupling
of the electromagnetic waves in the catcher with
those of the buncher, sustained electromagnetic
oscillations will ‘result, such: coupling obtaining
when the electron groups pass through the re-
stricted portion 18 of the catcher when the field
therein is most strongly cpposing the motions of
the electrons therethrough. An excess of energy
is present in the catcher over energy produced
in or fed back to the buncher.

The feed-back employed in the primary unit
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is by means of a properly positioned cross-con-
nection I8 connecting coaxial wires or rods 19,
20 formed as extensions of loops 2§, 22 in the
buncher and catcher respectively, said loops hav-
ing their ends made fast to the walls of the re-
spective resonators in which situated. - Further-
more said loops 21, 22 are transverse to the path
of the magnetic lines of force within the res-
onators. The said coaxial wires or rods 19, 20
are concentric within conduits 23, 24 and pro-
ject externally from said resonators. Appropri-
ate vacuum-tight seals 28, 26 of insulative ma-
terial, such as glass, are interposed between-the
wires and rods as usual and as will be understood.

Reverting again to the propagation of the elec-
trons, it may be pointed out that the construc-
tion provides a cathode emitter 27 in proximity
to and in advance of the first restricted opening
or part 15 of the buncher, thereby setting un a
copious flow of electrons which pass through the
first restricted opening or part {5 where their
velocity is modified as a result of which they are
bunched as they travel through the field-free
space |1, thence through the second restricted
part 16 of the catcher where they give up energy
for useful purpose, and thence to a collector 28
where remaining energy is dissipated. The pas-
sage of the electrons to and from the restricted
openings or parts 15, i6 is in each case by way
of grids as usual. It must now be apparent from
the foregoing, that the smaller the rescnators,
the smaller those restricted passages become in
diameter, and therefore admit smaller power in-
put. As the wave length is directly dependent
upon the cross-sectional area of the.resonators,
it follows that the resonators must be small
thereby compelling use of small passages, when
designed for micro waves. Thus the resonators
are of necessity scaled down more and more for
shorter and shorter wave lengths and of neces-
sity the orifice area is proportionately reduced,
which in turn reduces the stream current and
output of the unit. We have devised means for
utilizing a group of units to compound the sev-
eral outputs thereof into an augmented resulf-
ant power output.

Accordingly; in the present disclosure, output
from the first unit 10 is by means of g loop 29
from the second resonator or catcher {4, said
loop traversing the magnetic field of that reso-
nator and producing wave impulses in g concen~
tric line conduit 30 through which, coaxially
thereof, extends a central rod or wire 31 as a
continuation of one end of the loop. The other
or inner end of that loop is electrically and
mechanically attached to the resonator wall. As
means of more ready reference to this particular
concentric line wave impulse conductor, the same
will be referred 0 generally as the primary con-~-
nector, it being here called to attention that it
constitutes the leg portion of g T-shaped forma-
tion of a connector system. The other two units
t1, 12 are joined hetween their buncher resonators
with a-cross-connector 32 forming the head of
the T-shaped formation and accordingly having
the primary connector joining therewith at an
intermediate point in the length of said cross con-
riector. Within the tubular formation of this
cross connector is-a central wire or rod 33 which
is a continuation of the loops (not shown) in the
buncher resonators of units. I, 12 ang corre-
sponding to the feed-back loop 21 of the buncher
resonator (3 of the first unit.

The wave impulse constituting the output of
the first unit is accordingly impressed upon the
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input of the other two units and both augments
the output thereof and obtains desired oscilla-
tion in the buncher resonators thereof without
requiring feed-back from the catcher resonators
of those units. - Full energy transmitted to and
developed in the catcher resonators of the units
{1, 12 will accordingly be available for output
purposes. Output from the said units {1, 12
may be obtained from either or both of the loops
in the catcher rescnator, and is here shown as
applying from both units to a dipole antenna 34
wherein the combined cutput -of all said units is
utilized.

In each of the connecter parts of the con-
nector system is provided a phase and load time-
matching means, that is to-say, one such means
is provided in the leg portion of that system, an-
other in the branch of cross-connector 32 to the
unit {1 and another in the branch of said cross-
connector 32 to the other unit {2, As the con-
struction of all of these wave time-matching
means is the same, a single description of one
will suffice with reference numerals applying to
all. The tubular part of the connector. is pro-
vided with an appropriately. situated side open-
ing at an intermediate part.of its length.. This
side opening communicates with the bottom end
of g protruding tube 35 preferably of the same
diameter as the tubing of the connector system.
The outer end of said protruding tube is open
and receives the stem portion 38 of a wave-block-
ing and adjustable tube closure on plug 37 situated
within the tube. The stem portion 36 projects
from the end of the protruding tube and is there
provided with a knurled head 38 for convenient
manipulation by the user for adjusting the tube
closure or plug to desired position longitudinally
within the protruding tube. Axially disposed
within the said protruding tuhe is g wire or.rod 3¢
the inner end of which is secured to the coaxial
wire or rod of the connector system. The outer
part of this axial rod in the protruding tube is
screw threaded and passes through the plug 37
which is correspondingly threaded -and thence
freely into the stem portion 36. Adjustment of
the closure portion may accordingly be obtained
by proper rotation of the plug 37 through the.
agency of knurled head 38.

In operation of the matching means, it appears
that waves entering the protruding tube reflect
back into the connector system but suffer changes
of phase time within the protruding or tuning
tube. . By appropriate adjustment of the plug 37,
the returning wave appears at the front or at the
back of the next wave passing through the con-
nector system, which thereby enables the re-
sulting waves in one part of the system to be
matched with waves of another part, obtaining
desired phase relation. By adjusting the several
plugs of the system, the two units i1, i2 fed by
unit {9 may be made to operate in phase or to
operate in push-pull relatien, as may be desired.

Since' the various details of construction, as
well as the precise relation and functioning: of
parts -are subject to variation and change with-

‘out departing from the inventive concept or scope

of the invention, it is intended that all*matter
contained in the specification or illustrated in
the drawing, shall be interpreted as exemplary

~and not in a limiting sense. It is also to be un-,

derstood that the following claim is intended to
cover all of the generic and- specific features of
the invention herein shown and described and all.
statements of the scope of the invention herein-
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set forth as a matter of language which might be
said to fall therebetween.

We claim:

In an electron discharge device having hollow-
body resonators, the combination of a plurality
of units each having a buncher resonator and a
catcher resonator, means electrically connecting
the catcher resonator of one unit to the buncher
resonators of both a second unit and a third unit,
said first unit thereby exciting the oscillation of
the buncher resonators of said second and third
units and augmenting the power output thereof,
said second and third units having a pair of con-
centric line connections of which one joins the
inputs of said second and third units and the
other joins the outputs thereof, a concentric line
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connection from an intermediate part of said
connection joining inputs and connecting with
the output of the first unit, said second and third
units thereby being in parallel to each other and
in series with the first unit, and means for match-
ing phase relations of the power of said units
comprising a matching stub extending laterally
from the concentric line from the first unit and
comprising two other matching stubs extending
laterally from the concentric line joining the in-
puts of the second and third units and on op-
posite sides of said concentric line from the first
unit.

ILIA E. MOUROMTSEFT.

GEORGE M. DINNICK.




