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The present invention relates to high-fre 
quency OScillators and, particularly, to oscillators 
of the type adapted to generate oscillations of a 
few centimeters wave length. In greater partic 
ularity, the invention relates to such oscillators 
of the triode-tube type. 
Of the Several types of high-frequency oscilla 

tors which heretofore have been proposed, the 
triode vacuum-tube type possesses numerous ad 
Wantages not the least of which is its low oper 
atting-Voltage requirements. One such well 
known oscillator, termed the Barkhausen oscil 
lator, operates the grid of the triode tube at a 
moderately high positive potential and the anode 
preferably at a slightly negative potential. The 
Operation of this OScillator is dependent upon the 
fact that most of the electrons attracted by the 
grid pass between the meshes thereof toward the 
anode but have their velocities slowed down by 
the latter and are returned back to the grid. Most 
of the returning electrons again pass between the 
meshes of the grid, are slowed down by the 
Cathode, and returned back toward the grid. 
The electrons thus oscillate about the grid at a 
frequency determined by the electrode voltages 
and the distances between the electrodes. This 
typ of oscillator has the disadvantage that the 
power output and efficiency of operation are quite 
Critical With respect to circuit adjustments and 
the Operating Voltages applied to the tube elec 
trodes. Optimum operation usually occurs when 
the temperature of the cathode is maintained suf 
ficiently low that only a limited number of elec 
trons are emitted so that the operating conditions 
Within the tube are intermediate between the 
Space-charge - limited and temperature-limited 
Space-current modes of operation. This has the 
Serious disadvantage that the efficiency obtain 
able is relatively low, of the order of 1 to 3 per 
cent., thus substantially lowering the maximum 
power output of the oscillator. This type of oscil 
lator has the additional disadvantage that the 
power output is further limited by the fact that 
the grid must absorb most of the lost power which, 
of course, constitutes the major portion of the 
pOWer Supplied to the oscillator and which can 
never be very large for the reason that the grid 
must necessarily be small and of a type of struc 
ture not capaiole of dissipating large amounts of 
energy. 
A triode vacuum-tube type of high-frequency 

Oscillator operates with substantially improved 
efficiency and considerably larger power output as 
compared with the Barkhausen oscillator when 
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ventional form and includes an input circuit 
coupled between the control electrode and cathode 
and an output circuit cougled between the anode 
and cathode of the triode vacuum tube. The 
input and output circuits of an oscillator of this 
type usually take the form of transmission lines 
which have resonant properties when their 
lengths are suitably adjusted. Severe difficulty is 
experienced in operating these oscillators at fre 
quencies much higher than about three hundred 
megacycles, which corresponds to a Wave length 
of one meter, so that, in general, they are mot 
guitable for the generation of oscillations of a few 
centimeters Wave length. 

It is an object of the present invention, there 
fore, to provide a new and improved high-fre 
quency oscillator. 

It is a further object of the invention to provide 
a new and improved high-frequency oscillator of 
the triode-tube type which avoids one or more of 
the limitations and disadvantages of the prior 
arrangements of this type. 

It is an additional object of the invention to 
provide a new and improved high-frequency oscil 
lator having a relatively simple and compact yet 
sturdy construction and one having relatively high 
frequency stability. 

In accordance With the invention, a high-fre 
quency oscillator comprises a wave guide having 
dimensions proportioned substantially to attenu 
ate oscillations of a fundamental frequency and 
to translate oscillations of higher frequency 
harmonically related to the fundamental-fre 
quency oscillations. The oscillator includes a 
Vacuum tube having input and output electrodes 
positioned With at least one pair of the electrodes 
lying within the wave guide and continued elec 
trically by the Walls thereof, and means resonant at the fundamental frequency and having sub 
stantial regenerative coupling to the wave guide 
for providing a resonant circuit between another 
pair of the electrodes to cause the vacuum tube 
to generate in the wave guide oscillations having 
the aforesaid fundamental frequency but includ 
ing a frequency component of the aforesaid 
higher frequency. 

For a better understanding of the present in 
vention, together with other and further objects 
thereof, reference is had to the following descrip 
tion taken in connection with the accompanying 
drawing, and its scope will be pointed out in the 
appended claims. 

Referring to the drawing, Fig. 1 is a cross-sec 
tional view illustrating the construction of a high 

the oscillator circuit arrangement is of more con- frequency oscillator embodying the present inven 
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probe 29 where the latter is provided Oscilla 
tions of fundamental frequency are thus gener 
ated and oscillatory currents of this frequency 
flow around the inner surfaces of the walls of 
the Wave guide 0 over a transverse Section of 
the latter in the vicinity of the vacuum tube f. 
The amplitude of the oscillations thus gener 

ated is limited by the self-bias potential which the 
control electrode 4 develops by peak rectifica 
tion of the generated oscillations. This devel 
oped bias is sufficiently large that the anode cur 
rent of the vacuum tube includes a funda 
mental-frequency component and a number of 
harmonic-frequency componentS. 
The dimensions of the wave guide fo are So 

proportioned, however, that the fundamental 
frequency oscillations thus developed are not 
propogated longitudinally of the wage guide. On 
the other hand, the dimensions of the Wave guide 
i) are such that a desired harmonic-frequency 
component of the generated oscillations is prop 
agated longitudinally of the waWe guide and the 
conductive members 35 and 36 are so adjusted 
relative to the vacuum tube that the wave 
guide Selects and translates the desired harmonic 
frequency component to the exclusion of other 
undesired harmonic-frequency components. The 
desired harmonic-frequency component thus 
selected is propagated longitudinally of the wave 
guide O to the probe member 37 to induce on the 
latter waves of Voltage and current, whereby the 
latter operates essentially as an antenna, to ran 
diate Wave-signal energy of harmonic frequency 
externally of the Wave guide. 

It will be apparent from the foregoing descrip 
tion of the in Vention that the fundamental fre 
quency of the OScillator may be adjusted over a 
range of values by correlated adjustments of the 
piston 2A and condenser element 32. The trans 
verse conductive members 35, 36 of the wave guide 

are, of course, correspondingly adjusted to 
select any desired harmonic-frequency compo 
nent of the generated fundamental-frequency 
oscillations. 
The Oscillator of the present invention is par 

ticularly suited for generating oscillations hav 
ing a frequency of the order of 3,000 megacycles 
or higher. For this purpose, and while not limited 
thereto, illustrative values for the dimensions of 
the wave guide to are as follows: 

Centimeters 
Width ---------------------------------- 4.5 
Depth ---------------------------------- 2 
Ilength --------------------------------- 20 
While there has been described what is at pres 

ent considered to be the preferred embodiment 
of this invention, it will be obvious to those skilled 
in the art that various changes and modifications 
may be made therein without departing from 
the invention, and it is, therefore, aimed in the 
appended claims to cover all such changes and 
modifications as fall within the true spirit and 
scope of the invention. 
What is claimed is: 
1. A high-frequency oscillator comprising, a 

Wave guide having Walls With dimensionS propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency OScillations, a vacuum 
tube having input and output electrodes posi 
tioned with at least one pair of said electrodes 
lying within said wave guide and continued elec 
trically by the walls thereof, and means resonant 
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6 
at Said fundamental frequency and having sub 
stantial regenerative coupling to said wave guide 
for providing a resonant circuit between another 
pair of Said electrodes to cause said vacuum tube 
to generate in Said Wave guide OScillations hav 
ing said fundamental frequency but including a 
frequency component of Said higher frequency. 

2. A high-frequency oscillator comprising, a 
Wave guide having Walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to select and trans 
late Oscillations of higher frequency harmonically 
related to Said fundamental-frequency OScilla 
tions, a vacuum tube having input and output 
electrodes positioned with at least one pair of said 
electrodes lying within said wave guide and con 
tinued electrically by the Walls thereof, and means 
resonant at Said fundamental frequency and hav 
ing substantial regenerative coupling to said wave 
guide for providing a resonant circuit between 
another pair of said electrodes to cause said 
vacuum tube to generate in said wave guide oscil 
lations having said fundamental frequency but 
including a frequency component of said higher 
frequency. 

3. A high-frequency oscillator comprising, a 
Wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate Oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, means 
for resonating said wave guide to said higher 
frequency oscillations, a vacuum tube having in 
put and output electrodes positioned with at least 
One pair of said electrodes lying within said wave 
guide and continued electrically by the Walls 
thereof, and means resonant at said fundamental 
frequency and having substantial regenerative 
coupling to said wave guide for providing a re 
sonant circuit between another pair of said elec 
trodes to cause Said vacuum tube to generate in 
said wave guide oscillations having said funda 
mental frequency but including a frequency com 
ponent of Said higher frequency. 

4. A high-frequency oscillator comprising, a 
Wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related 
to said fundamental-frequency oscillations, a 
Conductive member transverse said wave guide 
in the interior thereof for resonating said wave 
guide to said higher-frequency oscillations, a 
vacuum tube having input and output electrodes 
positioned with at least one pair of said electrodes 
lying within said wave guide and continued elec 
trically by the walls thereof, and means resonant 
at Said fundamental frequency and having sub 
Stantial regenerative coupling to said wave guide 
for providing a resonant circuit between another 
pair of Said electrodes to cause said vacuum tube 
to generate in said wave guideoscillations having 
Said fundamental frequency but including a fre 
quency component of Said higher frequency. 

5. A high-frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related 
to said fundamental-frequency oscillations, a 
vacuum tube having input and output electrodes 
positioned with at least one pair of said electrodes 
lying within said wave guide and continued elec 
trically by the Walls thereof, means resonant at 
Said fundamental frequency and having substan 
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tial regenerative coupling to said wave guide for 
providing a resonant circuit between another pair 
of said electrodes to cause said vacuum tube to 
generate in said wave guide oscillations having 
said fundamental frequency but including a fre 
quency component of said higher frequency, and 
at least one conductive member transverse Said 
wave guide in the interior thereof and adjustably 
spaced from said vacuum tube for resonating Said 
wave guide to said higher-frequency oscillations. 

6. A high-frequency oscillator comprising, a 
wave guide having Walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate OScilla 
tions of higher frequency harmonically related 
to said fundamental-frequency oscillations, a 
vacuum tube having input and output electrodes 
positioned with at least one pair of said electrodes 
lying within said Wave guide and continued elec 
trically by the walls thereof, and a transmission 
line coupled between another pair of Said elec 
trodes, said line having Substantial regenerative 
coupling to said wave guide and an effective elec 
trical length providing resonance at Said funda 
mental frequency to cause said vacuum tube to 
generate in said wave guide oscillations having 
said fundamental frequency but including a fre 
quency component of said higher frequency. 

7. A high-frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of a 
fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related 
to said fundamental-frequency Oscillations, a 
vacuum tube having input and output electrodes 
positioned with at least one pair of said electrodes 
lying within said wave guide and continued elec 
trically by the walls thereof, a transmission line 
coupled at one end between another pair of said 
electrodes and having Substantial regenerative 
coupling to said wave guide, the other end of said 
transmission line being short-circuited and said 
line having an effective electrical length equal 
approximately to an odd number of quarter-Wave 
lengths at Said fundamental frequency to cause 
Said vacuum tube to generate in said Wave guide 
OScillations having said fundamental frequency 
but including a frequency component of said 
higher frequency. 

8. A high-frequency oscillator comprising, a 
Wave guide having Walls With dimensions propor 
tioned substantially to attenuate oscillations of a 
fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having input and output electrodes 
including a common electrode positioned with at 
least one pair of said electrodes lying within said 
wave guide and continued electrically by the walls 
thereof, a coaxial transmission line coupled to 
another pair of said electrodes including said com 
mon electrode and having the outer conductor 
thereof electrically coupled to said wave guide 
and to said common electrode, said line having 
substantial regenerative coupling to said Wave 
guide and an effective electrical length providing 
resonance at said fundamental frequency to cause 
said vacuum tube to generate in said wave guide 
oscillations having said fundamental frequency 
but including a frequency component of said 
higher frequency. 

9. A high-frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate Oscillations of 
a fundamental frequency and to translate oscilla 
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tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having input and output electrodes 
including a common electrode positioned with at 
least one pair of said electrodes lying within said 
wave guide and continued electrically by the walls 
thereof, a coaxial transmission line coupled to 
another pair of said electrodes including said 
common electrode and having the outer conduc 
tor thereof extending substantially into said Wave 
guide in electrical engagement therewith and 
coupled to said common electrode, said line having 
substantial regenerative coupling to said wave 
guide and an effective electrical length providing 
resonance at said fundamental frequency to cause 
said vacuum tube to generate in said wave guide 
oscillations having said fundamental frequency 
but including a frequency component of said 
higher frequency. 

10. A high-frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate Oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having an envelope enclosing a cathode, 
a control electrode and an anode, said anode 
and control electrode each having a conductive 
terminal diaphragm extending exteriorly of Said 
envelope transverse the axis of said tube, means 
supporting said tube with said anode and control 
electrode lying within said wave guide and Said 
anode diaphragm coupled thereto, and a coaxial 
transmission line coupled to said cathode and 
control electrode with the outer conductor of said 
line electrically coupled to said control-electrode 
diaphragm and to said wave guide electrically to 
continue said control electrode by the walls of 
said wave guide, Said transmission line being 
resonant at said fundamental frequency and hav 
ing substantial regenerative coupling to said Wave 
guide to cause said vacuum tube to generate in 
Said Wave guide OSCillations haVing Said funda 
mental frequency but including a frequency com 
ponent of said higher frequency. 

11. A high-frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of a 
fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having an envelope enclosing a cathode, 
a control electrode and an anode, said anode and 
control electrode each having a terminal dia 
phragm extending exteriorly of said envelope 
transverse the axis of said tube, means support 
ing said tube with said anode and control elec 
trode lying within said wave guide and said anode 
diaphragm coupled thereto, and a coaxial trans 
mission line coupled to said cathode and control 
electrode with the outer conductor of said line 
electrically coupled to said wave guide and elec 
trically closed at the end by said control-electrode 
diaphragm, whereby said anode and control elec 
trodes are continued electrically by the walls of 
said Wave guide, said transmission line being reso 
nant at said fundamental frequency and having 
substantial regenerative coupling to said wave 
guide to cause said vacuum tube to generate in 
Said wave guide oscillations having said funda 
mental frequency but including a frequency com 
ponent of higher frequency. 

12. A high - frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of a 
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fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having an evacuated envelope and in 
cluding pairs of input and output electrodes at 
least one of which pairs is extended outside of 
said envelope by individual conductive diaphragm 
members transverse the axis of Said tube, means 
supporting said tube with at least said pair of 
electrodes lying, within said Wave guide and said 
diaphragm members electrically coupled to in 
dividual opposing areas of said wave guide, 
whereby said pair of electrodes are continued 
electrically by the walls of said wave guide, and 
means resonant at said fundamental frequency 
and having substantial regenerative coupling to 
said wave guide for providing a resonant circuit 
between another pair of said electrodes to cause 
said vacuum tube to generate in said wave guide 
oscillations having said fundamental frequency 
but including a frequency component of said 
higher frequency. 

13. A high - frequency oscillator comprising, a 
wave guide having Walls with dimensions propor 
tioned substantially to attenuate oscillations of a 
fundamental frequency and to translate Oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency Oscillations, a Wac 
uum tube having an envelope enclosing a cathode, 
a control electrode and an anode, said anode and : 
control electrode each having a terminal dia 
phragm extending exteriorly of said envelope 
transverse the axis of said tube and said Cathode 
having a terminal sleeve coaxial with the axis 
of said tube, means supporting Said tube with said 
anode and control electrode lying within said 
Wave guide and said anode diaphragm coupled 
thereto, and a coaxial transmission line having 
the inner conductor thereof coupled to said cath 
Ode sleeve and the outer conductor thereof 
coupled to said control electrode diaphragm and 
to said wave guide, Whereby said anode and con 
trol electrode are continued electrically by the 
walls of said wave guide, said line being resonant 
at said fundamental frequency and having sub 
stantial regenerative coupling to said wave guide 
to cauSe Said Vacuum tube to generate in said Wave 
guide oscillations having said fundamental fre 
quency but including a frequency component of 
said higher frequency. 

14. A high - frequency oscillator comprising, a 
wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of 

O 
a fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having input and output electrodes po 

5 sitioned with at least one pair of said electrodes 
lying within said wave guide and continued elec 
trically by the walls thereof to provide a first 
resonant circuit, means resonant at said funda 
mental frequency and having substantial regen 
erative coupling to said wave guide for providing 
a Second resonant circuit coupled between another 
pair of Said electrodes, and capacitive means ef 
fective across at least a portion of said wave guide 
in the vicinity of said vacuum tube for tuning said 
Oscillator more accurately to resonance at said 
fundamental frequency to cause said vacuum 
tube to generate in said wave guide oscillations 
having said fundamental frequency but including 
a frequency component of Said higher frequency. 

i5. A high - frequency oscillator comprising, a 
Wave guide having walls with dimensions propor 
tioned substantially to attenuate oscillations of 
a fundamental frequency and to translate oscilla 
tions of higher frequency harmonically related to 
said fundamental-frequency oscillations, a vac 
uum tube having input and output electrodes po 
Sitioned with at least one pair of said electrodes 
lying within said wave guide and continued elec 
trically by the walls thereof, means resonant at 
said fundamental frequency for providing a 
resonant circuit between another pair of said elec 
trodes, and means for regeneratively coupling en 
ergy from Said wave guide to said last-named 
means to cause Said vacuum tube to generate in 

35 said wave guide oscillations having said funda 
mental frequency but including a frequency com 
ponent of said higher frequency. 

EMORYS GWYN NEC JAMES. 
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