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This invention relates to frequency doubling
devices, and more particularly to electron tube
arrangements operating on the principle of ve-
locity modulation for producing frequency multi~
plication.

In a known form of circuit a beam or stream of
electrons is modified in velocity at a given point.
The electrons of the beam are then permitted to
form into bunches or groups due to the change in
velocity by traveling a given distance. By prop-
erly choosing this drift distance the electrons
reach a point of maximum bunching or group-
ing. A resonant circuit is coupled to extract the
energy from the bunched electrons. This reso-
nant circuit is tuned to the fundamental fre-
quency which corresponds substantially with the
grouping of the electron bunches.

According to one feature of my. invention I
provide a tube. circuit with a velocity modulating
circuit similar to those of the prior art for modu-
lating the beam at a given fundamental fre-
quency. However, instead of providing a second
resonant circuit at the optimum spacing for op-
eration at the fundamental frequency, I provide a
drift distance greater than this spacing so that
the electrons within the bunches tend to spread,
because of the combined effect of velocity differ-
ences and the inter-electron repulsion. Conse-
quently the bunchings and rarefractions are no
longer substantially symmetrical, since the addi-
tional effect of electron repulsion tends to spread
the bunches to an extent greater than the in-
crease in density of the electrons in the rarefied
portions of the beam. .Consequently, the wave
form is such as to be rich in even harmonics. I
then provide & tuned circuit to an even harmonic,
preferably the second, to extract energy from the
beam.

It is a principal object of my invention to utilize
the inherent distribution of electrons in a velocity
modulated beam after passing the optimum drift
distance to produce a harmonic oscillation,

Although the waves produced when the
bunches are permitted to pass the optimum
bunching position are rich in even harmonics, a
considerable portion of the energy still i at the
fundamental frequency. Unless this energy can
be made to do useful work it will have to be dis-
sipated in the form of heat or other wasteful
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2 .
forms and the circuit will consequently be of
rather low efficiency.

In accordance with another feature of my in-
vention I provide means for utilizing part of this
otherwise wasted energy and so increase the effi-
ciency of the system. One manner of accom-
plishing this consists in providing a resonant cir-
cuit tuned to the fundamental frequency for ex-
tracting energy from the keam after it passes the
harmonic resonant circuit, and feeding back re-
generatively from this latter circuit to the other

‘tube input circuit.

A better understanding of my invention, and
the objects and features thereof will be had from
the particular description thereof made with ref-
erence to the accompanying drawing in which

Fig. 1 is a diagrammatic showing for the pur-
pose of explaining my invention;

Fig. 1A shows distribution curves to explain the
operation of my invention, and .

Fig, 2 shows in section a preferred structural
embodiment of my invention.

In Fig. 1 is diagrammatically shown a circuit
arrangement for illustrating the operation of my
invention. An emissive cathode {8 emits a group
of electrons which are formed into a beam by ac-
celerating electrode 14 or other means. The elec~
trons formed in this beam are then passed
through a pair of grids 13, 14, which may be ar-
ranged in an oscillating circuit {5, = Oscillating
circuit 5 is diagrammatically shown as a closed
circuit. It is clear that any suitable tuned circuit
may be used, preferably a combpletely closed tuned
circuit is provided in order to reduce losses to a
minimum. Energy for a fundamental frequency
is fed into circuit (5 over a transmission line I8
and circuit 15 is tuned to this fundamental fre-
quency. As the electron beam passes between
grids {3, 14, a change in velocity is caused in cer-
tain of the electrons, the beam depending upon
the instantaneous potential of the grids. The
electron-beam is then allowed to traverse a cer-
tain distance.

After reaching a position such as a, the elec-
trons, due to the change in velocity caused by
the control grids (3, 14, will become concentrated
so that their distribution produces a wave form
which may be illustrated as a sinusoidal wave 80,
Fig. 1A, The electron beam is then allowed to
traverse a further distance fo tuned: circuit 17,
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In traversing this additional distance the elec-
trons in the bunched group tend to become re-
distributed due to their velocity differences and
further, because of interelectron repulsion. How-
ever, in the spaces between the bunches where
the electrons have become more widely spaced,
which is represented by the negative portion of
curve 30, the change in distribution after trav-
ersing this shorter distance from A to {7 is not
the same as that for the more densely bunched
electrons, because of the absence of electron re-
pulsion. Accordingly, in traversing this distance,
the electron distribution is changed so as to cor-
respond more nearly to curve 3f of Fig. 1A. It
can be seen from the unsymmetrical form of

this curve that the electron stream as now con-.
Accordingly, - -

stituted is rich in even harmonics.
if circuit {7 is tuned to an even harmeonic, prefer-
ably the second harmonic, the bunched electrons
passing between grids 20 of -circuit 171 will yield
energy to the tuned circuit which may be ex-
tracted by means of a line 21. .

If nothing more is provided in the system the

second harmonic energy may be still extracted.
However, the efficiency of the system will be rela-
tively low, since considerable energy of other
frequencies still is possessed by the electron beam.
Accordingly, in order to enhance the efficiency
of the system, I permit the electron beam to trav-
erse a further distance to tuned eircuit 32 which
is tuned to the fundamental frequency. Prefer-
ably, the spacing between {T.and 32 is such as to
allow & maximum grouping of the electrons again
at the fundamental frequency. The energy is
then extracted from the beam by means of grids
22, 23 of tuned circuit 32, and if desired the elec-
trons after passing through these grids may be
collected on a target electrode 24 so-as to remove
them from the system. An output line 25 is cou-
pled to circuit 32 and the fundamental frequency
energy from 32 is fed back over a line 2¢ and.a
suitable phase adjustor 27 to input line 18. Ac-
cordingly, the energy -extracted by circuit 32
serves to furnish energy in regenerative relation
to the input of circuit 15. Accordingly, the effi-
ciency of the multiplier is greatly enhanced.

It ig clear that this circuit-is only diagram-
matically illustrated and that many various prac-
tical forms .may be provided. The precise form
of :the resonant circuits 15, 171 and 32 is not im-
portant, since my invention will operate to pro-
duce the desired results-so long as any suitable
tuned circuits ‘are providéd. ' It is preferable,
however, in order to maintain the losses of the
system.at & low value, to ut1hze low loss resonant
circuits.
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One practical embodiment of my invention is -

disclosed in Pig. 2 wherein similar: reference char-
acters are used to indicate the tube elements cor-
responding to those shown "in Fig. 1. In this
figure, .cathode 10 and accelerating electrode 11
are -arranged .in .a chamber which is ‘closed by
meang of o glass seal 48,  The electrons emitied
by cathode 1{ ‘are guided by .means of tube 41
into a resonant chamber i5 wherein they are
changed in velocity by means of grids {3, {4, "The
electrons passing from grig 14 .are then permitted
to drift in a tube 42 which serves to-prevent any
extraneous influence on the eleéctron.beams. after
leaving grid {4,  Electron streams then pass be-
tween grids {9,728 and resonant chamber {7 which
is tuned -to an even harmonic; -such:as the sec-
ond harmonic. -A concentric line 24'is coupled to
circuif 17 for extracting the harmonic -energy
therefrom. After leaving grid 2§ the -electrons

60

70

75

4
again pass through a tube 43 to grids 22, 23, as-
sociated with a tuned resonant chamber 32 and
from there the electron stream passes through
a tube 44 to a sealed chamber 45 where they are
collected by electrode 24. A concentric line 25 is
provided for extracting energy from funed cir-
cuit 32 and this energy is fed back over line 28
through phase shifter 27 to the input line 16 into
chamber {5. Line (6 is preferably alsc a con-
centric conductor line so as to provide efficient
transmission of the high frequency input energy.
It is clear that the arrangement of Fig. 2 pro-
vides a very low loss circuit, since all of the tuned
circuits connected therewith are complete closed
chambers which produce very little attenuation.
Furthermore, by providing the concentric lines

- -good shielding conductor arrangement for the

high frequency energy is provided.
" If-is clear that Fig. 2 illustrates merely a pre-

‘ferred .embodiment of my invention and should
‘not be considered as a limitation thereon. Many

other methods of -achieving the results set forth
in the present application may be provided by
those skilled in the art. What I consider to be
my invention and desire to protect by Letters
Patent is embodied in the accompanying claims,

What I claim is:

1. A frequency multiplier comprising means for
producing a beam of electrons.moving at a given
velocity, means for modifying the velocity of elec-
trons in said beam in accordance with a funda-
mental frequency, means tuned to an even har-
monic of said fundamental frequency for extraci-
ing energy at said harmonic frequency from said
beam of electrons so modified in velocity, means
tuned to said fundamentdl frequency for extract-
ing fundamental frequency from said beam,
means transferring elecirons leaving said means
tuned to a harmonic frequency to said means
tuned at fundamental frequency, and means for
feeding energy from said second tuned means to
said velocity modifying.means.

2. A frequency multiplier comprising means for
producing a beam of electrons moving at a given
velocity, means for modifying the velocity of the
electrons in accordance with a fundamental fre-
quency, means tuned to an even harmonic of said
fundamental frequency for exiracting energy
from said beam at the derived position of elec-
tron distribution of high even harmonic content,
means tuned to said fundamental frequency for
extracting fundamental frequency energy irom
said beam after” passing said harmonic tuned
means, and means for feeding said extracted
fundamental frequency energy to sald velocity
modifying means in regenerative phase.

3. The method of frequency multiplication-com-
prising ‘forming a beam of electrons moving at a
giveu'velocity, modifying the velocity of electrons
in said beam in accordance with g fundamental
frequency, passing theelectronsin said beam until
they become bunched into a- wave form rich in
even harmonics by combined action -of said ve-
locity modulation and the inherent electron re-
pulsion, extracting from said beam energy at s
harmonic frequency, thereafter passing the elec-
trons until they become bunched into a wave form
rich in said -fundamental frequency, extracting
energy from said beam at said fundamentsl fre-
quency,-and feeding back said last-extracted en-
ergy further-to modify the velocn;y of electrons
in said beam. -

4, A high frequency ‘multiplier - comprising
means ‘for producing-a beam of electrons mov-
ing at a given wveloecity, means for modifying the
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velocity of electrons in said beam in accordance
with a fundamental frequency, means for per- FEFERENCES (_JITED
mitting said electrons to become partially dis- The following references are of record in the

tributed in relation to the maximum bunched file of this patent:

group in order to produce a position along said. 5
beam rich in even harmonics, means tuned to an UNITED STATES PATENTS

even harmonic of said fundamental frequency for Number ~Name Date

extracting energy of said harmonic frequency at 2,222,899  Frainckel __________ Nov. 26, 1940
the said position, followed by means tuned to said 2,305,883 Litton _____________ Dec. 22, 1942
fundamental frequency for extracting funda- 10 2,372,193 Fisk o Mar. 27, 1945
mental frequency energy from said beam. 2,280,824 Hansen — .. ____ Apr, 28, 1942

ANDREW ALFORD. 2,281,935 Hansen e ______ May 5, 1942




