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. The present invention relates to microwave

generators and more particularly to oscillators
utilizing -velocity modulation tubes at harmonic
frequencies.

At the higher frequencies in the microwave or
ultra high frequency range certain factors tend
to.seriously limit the operation. At the higher
Irequencies due to .the small dimensions. of res-
onant cavities, it has heretofore been ‘substan-
tially impossible to employ external mechanieal
tuning. At the high frequencies the resonant
cavity size becomes so small that the vacuum
‘tubes employed are small in dimension thus limit-
ing the power dissipation.. In certain cases it also
would be desirable to provide motor driven sweep
oscillators operating at frequencies in excess of
‘five thousand megacycles, but.at those frequen-
cies the fundamental resonant cavities have here-
tofore been extremely small.

. In order to obviate the above mentloned dlsad-
vantages and other disadvantages encountered
in the generation of microwave frequencies in the
higher frequeney ranges, the collector cavity: of
a velocity modulation tube is arranged to be reso-
nant at two frequencies harmonically related to
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each other, and the cavity is so designed that the

output energy can be delivered only at the higher
of the two frequencies. . By such an arrangement
a larger cavity size is possible, larger vacuum
tubes may be employed, greater power dissipa-
tion is obtainable, and other operations such as
tuning are greatly facilitated. A magnetic or
electric tuning probe may be used to vary the fun-
damental frequency and the harmonic frequency
generated. By utilizing s collector cavity which
is resonant to two frequencies harmonically re-
lated to each other, the conventional arrangement
of a velocity modulation tube having buncher
and catcher cavities may be applied, or. the re-
flex type of tube havmg but a single cav1ty may
be used.

It, therefore, is an object of the present inven-
tion fo provide an improved microwave generator
arranged to operate at a harmonic frequency and
to deliver power only at the harmonic frequency.

It is another object of the present invention to
provide a microwave generator utilizing a velocity
modulation tube which has a resonant cavity reso-
nant at. two frequencies harmonlcally related to
each other.

It is still another object of the. present inven-
tion to provide an improved microwave generator
operating at the higher ranges of the ultra high
,frequencies which is capable of supplymg greater
amounts of power. . .
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-Still. another object. of -the present invention
is- to.provide an improved microwave generator
operating at the higher frequencies Which may
utilize. mechanical tuning means.

Other and further objects of the present inven-
tion subsequently will be described by reference
to the following description taken in connection
-with the accompanying drawing wherein

Flgure 1 is g diagrammatic representation of
the application of the present invention to-a ve-
locity ‘modulation tube utlllzmg two resonant
ca.v1t1es,

- Figure 2 is a cross sectional view of one man-
ner of constructing a cavity in accordance with
the present invention; -
~ Pigure 3 is a cross sectional view of the cavity
as seen-in the direction of the arrows along the
line 3-—3 of Figure-2; and

Figure 4 shows the application of the present
invention to a velocity modulatlon tube operat-
ing in a reflex circuit.

Referring to Figure 1 of the drawing there is
shown diagrammatically a velocity modulation
vacuum tube 11 having a glass envelope 12. The
glass envelope. 12 encloses a cathode 13 and a
heater {4 therefor, focusing electrodes 15, and
two sets of grids {6 and {7 extending to the ex-
terior of the envelope for connection to suitable
resonant cavities. ‘It is apparent that the grids
may be omitted, if desired, and the cavities cou-
pled to the electron stream inductively. How-
ever, ordinarily the use of the grids is preferable.
A resonant cavity (8 is connected to the first set
of grids 16. The resonant cavity 18 is coupled by
a-coaxial line 19:to a resonant cavity 20 which is
coupled. through an iris 2¢ to a wave guide 22.
Suitable potentials are supplied to the electrodes
of the vacuum tube as is customary in oscillators
utilizing two resonant ecavities. The resonant
cavity 20 is so constructed as to be resonant at

‘two' frequencies harmonically related to each

other, and the iris 21 interconnecting the cavity
20 with:the wave guide 22 raises the Q of the
cavity at the harmonic frequency. The iris 21
serves -as-an impedance matching element which
in-some applications may be omitted. Tt is pos-

sible to deliver power to the wave gizide 22 under
such’ operating conditions because the bunched

electrons passing between the grids 17 have g wave
shape of electron density vs. time which is rich

in harmonies under -the proper direct current

acceleration ‘conditions.
Figures 2 and 3 show one manner. of construct-
ing the resonant cavity 20 of Figure 1. In these

figures the resonant cavity 20 has'a rectangular
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cross section. Opposite walls of the cavity 20
are provided with suitable apertures 24 which
may be provided with suitable contact members
25 for engaging the grids 1T of the vacuum tube
{{. 'The fundamental frequency of the cavity
29 is determined primarily by the cross sectional
dimensions A and B, by the spacing C between
the grids 17 and the diameter of the grids D of

the cavity if the dimensions I—1 and L—2 froin"
the center of the aperture 24 to. the .ends of the;‘
cavity 20 are much greater than-the-dimension:

B. The dimension B is selected so as to be small

enough to prevent propagation of the funda-:
The harpionie -

mental mode in the wave guide: ; \
waves at the grids may be short enough in wave

3

an anode potential of four hundred volts. The
repeller electrode 36 was supplied from a poten-
tial variable from zero to one hundred and fifty
volts negative with respect to the cathode 33.

_ The type of tube mentioned has only a single

focusing electrode, corresponding to-the focusing
electrodes 85; which was connected through a
one hundred thousand ohm resistor to the posi-

" tive side of the anode supply of four hundred

10-

is’

length tc propagate in hoth directions until -

reaching the end walls 26 and 2T.

in the form of adjustable plugs.
I—I| and I.—2 therefore are selected to bring
gbout resonance at the- désired harmonic fre-
quency The end ‘wall 21 is provided with an
iri§ ‘opéning 2{ to pérmit some of the harmonic
energy in the resonant cavity 2l to-enter inteo
thé wave guide 22. A plck -up 100p’ 28 associated
Wwith theé coakial line- 8- is orienfed within"the

cavity 20°to couple with sofde -lines of magnetic:

force of"the: fundidmental mode to produce feed
back of the fundamental'mode in the cavity 8
of Figure 1. THhe cavity (8 of -Figure 1 may be
of" conventional design or may be. constructed
similarly to cavity 20.

From’ the  representation” of one manner: of
constructing the resonant cavity 20-it° will be
readily appreciated that’ magnetic -or- electric
tuning dévices may be used which are ‘particu-
larly ‘desirable in connection with motor driven
sweep oscillators operating at fréquencies in ex-
eéss of five thousand meégacyeles.: -Since the cav-
ity 28 may be constructed with physical dimen=-
sions considerably larger than the dimensions
obtained at the harmonic frequéncy, larger veloc-
ity modulation tubes may be employed to obtain
gregter: power output. Vacuum tubes may be
employed so that the fundamental freduency of
the cdvity 28 is in the-vicinity of the uppér fre-
guency limit of the particular tube and hence
large output may be obtained at the harmonic
frequency because of the small power absorption,
due: only to cavity losses; at the fundamental
freguency.

The advantages obtained by the construction
heretofore described and shown as ‘applied to the
two-cavity velocity modulation tube may also b
obtained with a single cavity velocity modiilation
tube ‘arranged in the conventional réflex ¢ircuit.
This is diagrammatically illustrafed in Figure 4
wherein the velocity modulation tube 31 is of
the type having a glass envelope 32 enclosing a
cathode 33, a heater 24 theréfor, foéusing elec-
trodes 35, a repeller electrode 36 ‘and a pair of
erids 237 adapted to-be connected to a resonant
cavity. - The. grids 37 may be’ conhected to a
resonant cavity such-as the resonant cavity 20
constructed in accordance with the foregoing dis-'
closure. ' The reflex eircuit is one which applies
the usual potentials to the vacuum tube 31 so as
to-'obtain the necessary feed back. It will' be
noted that the resonant cavity 20 shown in Fig-
ure 4 is similar to that shown'in Figure' I with
the-exeeption that the cavity is' not’ coupled to
another cavity by a pick-ub loop 28 and a co-
axigliline 189.

In a’circuit’ of the type ‘shown in Fighre 4'a
Western:-Eleetric: 707-A  tiibe’ ‘was’ emiployed ‘with

The-"end -
walls 26 and 27 comprise reflectors and may be:
The distances’

volts. - The vaeuum tube ‘is mounted in the
resonant cavity such as 28 having a rectangular
cross: section sovthat the dimensions A and B
were % inch and 1% inches respectively. The
distances T~——{ and I.—2 were so adjusted as to
givea strong output at a frequency of 8600 mega-~
es.. The fundamental frequency of the reso-

'nant cavity 28-was estimated as being 2150 mega-
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cycles.. It was observed that ten per cent varia-
tions in the dimensions L—I and L—2 produced
no noticeable effect in the output frequency thus
illustrating that the ocutput obtained was ac-
tually a harmonic of the fundamental" oscﬂla-
tion’ frequency. It was also observed ‘that “in
this particular case the reflector wall 2{ could
befomitted without detrimental effect as far-as
power output is concerned. ‘The advantage of
the'present invention is-clearly illustrated by the
faet that a tube of this type could be made to
opérate to supply appreciable power at the above
mentioned frequency.

‘While for the purpose of 1Hustratmg and ‘de-
seribing the present invention, certain types: of
velocity 'modulation’ vacuum tubes have been di-
agrammatlca]ly indicatéd and otheérs have been

mentionéd in the description, ahd one form' of

resonant cavity has been shown in the drawing,
it is to be understood that the invention is not
to be limited thereby since obwouslv the inveh-
tion is susceptible of such other- embodlmen’rs as

to tubes, cavities, and circuifs as may be’ com-

mensurate with the spirit and scope of the in-
vention 'set forth in the appended claims.

This “invention is hereby claimed as folloW‘s'

1. A microwave' generator, comprising a°ve-
locity modulation tube, a rectangular cavity ‘res-
onator extending transverselv of said tube and
adapted to receive microwave energy therefrom,
thé cross-sectional’ dimensions of said resoni-
tor’ prov1d1ng resonance at a certain fundamen=
tal frequency, the length of said resonator also
providing resonance at a harmonic of ‘said fun-
damentd] frequency, and a wave guide coupled
t6 one end of said resonator and having the sa.me
cross- sectlonal dlmensmns as said resonator

2." A microwave generator comprising ‘a ve-
loeity modulation tube, a rectangular cavﬂ:y
resonator “extending transversely’ of said -tube
and adapted to receive microwave energy there-
from; the cross-sectional dimensions of “said T
onator providing resonance at a certain’ findas
mental frequency, the length of said resonator
also! providing resonance at & harmonic “of ‘said
fundamental frequéency, and a’ wave guide cou-
pled to one énd of said resonator throvgh an’iris

~which’ raises the Q of -the resonator at the har-

monic frequency, sdid wave' guide havingthe
sdme cross-séctional dimensions as said résona-
tor.

3. A "microwave “generator, COmpI‘lSln\g al ‘ve-
locity modulation tube, a rectangular cavﬂ'y ‘res-
oniator extending’ transversely of ‘said tube “and
adaptéd to receive microwave energy’ therefrom
said resona,tor having mwardly extendlng pot-
tions “for engagement” with - electrodes of- sald
tube the cross-sectional dimensions of ‘said res-
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onator and the spacing of said portions pro-
viding resonance at a certain fundamental fre-
quency, the length of said resonator also pro-
viding resonance at a harmonic of said funda-
mental frequency, and a wave guide coupled to
one end of said resonator and having the same
cross-sectional dimensions as said resonator.
4. A microwave generator, comprising a ve-
locity modulation tube, a cavity resonator ex-
tending transversely of the tube and adapted to
receive microwave energy therefrom, said reso-
nator being dimensioned cross-sectionally to
provide resonance at a certain fundamental fre-
.quency, and being dimensioned lengthwise to
provide simultaneous resonance at a harmonic
of said fundamental frequency, and means cou-
pled to said resonator for deriving energy there-
from: at said harmonic frequency.
DAVID E. SUNSTEIN.,
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