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This invention relates to ultra high frequency 
devices, and more particularly to an ultra high 
frequency resonant cavity device for generating, 
detecting or converting Oscillations into currents 
of low frequency. 
The term "ultra, high frequency oscillations' is 

generally applied to electromagnetic Oscillations 
having a frequency of the Order of 500 mega 
cycles per Second and upward. At the higher 
frequencies, for example, 3000 megacycles, it has 
been difficult to generate powerful oscillations 
and equally difficult to detect eficiently. This 
difficulty has been mainly due to the Space chair 
acteristics of the thermionic tubes which are 
employed. 
Among the prior art devices are the mag 

netron and Barkhausen-Kurz tubes. In these 
tubes, the radio frequency potentials are applied 
to the electrodes by means of resonant circuits. 
The difficulties of generating or detecting 

radio frequency Oscillations, of a wave length of 
the Order of 10 centimeters, will be appreciated 
by considering the physical size of a magnetron 
Oscillator in which the anode is a cylinder of 
the Order of 2 millimeters radius and 1 centi 
meter length. In this arrangement, the anode 
is subjected to intense heat when even low 
power oscillations are generated. Thus it is 
quite apparent that the Space limitations of the 
prior art Oscillators have prevented the genera 
tion of more than about 10 watts of ultra high 
frequency OScillatory energy. Furthermore, de 
vices of the aforementioned type are ineficient 
detectors. 
An object of the present invention is to pro 

vide means for avoiding the structural limita 
tions by employing tube elements which are not 
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COnnected by reSOnant circuits and which do not 
themselves oscillate, but which direct elec 
trons through a resonant cavity. In other words, 
the radio frequency potentials will not be ap 
plied to the tube elements and thus some of 
the restrictions. On size will be eliminated. As 
an object of this invention, means will be pro 
vided for utilizing a resonant cavity to generate, 
detect or convert Oscillations of a predetermined 
frequency. It is another object of the invention 
to provide a resonant cavity having a size corre 
sponding to a predetermined band of wave 
lengths. It is a further object of the invention 
to provide means for Collecting Or inducing elec 
tromotive forces within a resonant cavity. A 
still further object is to provide means for de 
tecting and regenerating ultra high frequency 
OScillations, 

40 

45 

50 

The invention will be described by referring 
to the accompanying drawing in which Figure 1 
is a schematic diagram of one embodiment of 
the invention; and Figure 2 is a schematic dia 
gram" employed in describing the operation of 
the device, 

Referring to Fig. 1, the elements of the ther 
mionic device are Suitably supported within an 
evacuated envelope . These elements are: a 
cathode 3, cylindrical focusing elements 5, 7, 
phasing electrodes 9, , a collecting electrode 3 
and a hollow resonant cavity 2 including aper 
tures 5 which are preferably coaxially mounted 
between the phasing electrodes 9 and . A 
dipole antenna, f may be connected to a trans 
mission line 9 which includes a loop 2 ar 
ranged within the the cavity 2 for inducing or 
collecting ultra high frequency energy. The 
resonant cavity 2 is preferably but not neces 
sarily of toroidal form so dimensioned that an 
electromagnetic field of the proper frequency will 
resonate the cavity and will establish thereir 
Oscillations. The frequency, at which resonant 
Oscillations occur, is determined primarily by the 
dimensions of the cavity. The cavity is pref 
erably bounded by a suitable conductor which 
includes One or more apertures through which 
electrons are directed. By Way of an analogue, 
a Helmholtz resonator for sound waves corre 
Sponds to the instant resonant Cavity for electro 
magnetic waves. If the device is to be used 
to convert the ultra high frequency energy by 
means of a beating oscillator, the currents of 
the beating frequency may be induced within the 
cavity 2 by loop 23 terminating a transmission 
line 25 connected to a beating Oscillator 2. The 
catholie, focusing and phasing electrodes, and 
resonant cavity are Suitably biased by connec 
tions to a potentiomer 29 which is connected 
across a power source 3A. The collecting elec 
trode 3 is connected to an amplifier or signal 
indicating device by a blocking capacitor 33. 
The collecting electrode 3 may be biased slight 
ly positive or slightly negative by means of the 
potentiometer 35 and battery 37. 

In the operation of the device, an electron 
beam is established by the cathode 3 and focus 
ing electrodes 5, . It should be understood 
that the first phasing electrode 9 may also focus 
the beam. This beam is projected through the 
resonant cavity f2 in which the ultra high fre 
quency field imparts velocity variation to the 
beam. Some of the higher velocity electrons 
pass through the cavity and reach the collecting 

55 electrode 3. The remainder of the electrons 
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are reversed and returned to the cavity, again 
passing through it. The phase of the returning 
electron groups is adjusted by proper electrode 
spacing and potential so as to establish Oscilla 
tions within the cavity, or to increase the an 
plitude of the oscillations, if oscillations have 
been established within the cavity. 

If the device is being used as a detector, the 
waves to be detected are impressed upon the 
dipole antenna, and hence induced within the 
cavity, where they, form resonant Waves which 
are reinforced or increased by the regenerative 
action of the velocity Inodulated electron bean. 
If the device is used as an oscillator for the 
production of power at ultra high frequencies, 
the power is derived by the currents induced in 
the loop 25. m 
By way of example, the following table of 

resonator voltages was found to give the detec 
tion Anaxina: 

This series is explainable on the basis of transit 
time from the resonator center to the plate and 
return. This time is given by: 

T-3.37 10-8SV-1/2 
Herce 

AT-69 10-8SV-3/2AV 
o 

V3/2AT 
AV= -1.69 0.8S 

This 3/2 power law is followed by the above data. 
Putting V=1000, AV=170, S-2.4, we get 

AT=2.17 10-10, experimental value is 3.10 100. 
Also 

T 3.37 10 2.4 
ATT3.110-1035.4 

These results indicate that transit times of an 
integral number of periods give maximum sensi 
tivity. 
Where the electrode spacing of an oscillator 

is arranged according to Fig. 2 and when S1 
equals the distance from the aperture to the 
cathode C, S1 the distance from the aperture to 
the anode A, W1 is the potential of the resonator 
with respect to its cathode, t1 is electron transit 
time, W is the electron velocity, m. is the electron 
mass, is the average electron velocity, and e 
is the electron charge, it can be shown that the 
equation for electron notion is: 
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2,298,15. 
When 

t=t.1, 8=81 

5 
and 

g-g-a?e 
gy a t 2n 

o The anal velocity for t=t is given by 
2V 12m2 = Ve or =w . 

y - 
5 i = 2 

Elence, if the spacing through the cavity is 
Eade twice that from the cavity to the Cathode 
and/or anode, then, when the transit time 
rough the cavity is one-half period, the transit 

time from cavity to A or to C and back to the 
cavity will be one period. 
Thus, the invention has been described as an 

tiltra high frequency resonant cavity device in 
which oscillations may be generated or detected. 
Furthermore, the detection may be of a regen 
erative character which increases the eficiency 
of detection about 0 times. 

It should be understood that the invention is 
not limited to the precise arrangement or spac 
ing of the elements shown. 

claim as my invention: 
... An ultra high frequency device including a 

source of electrons, a collecting electrode, a res 
Onant cavity positioned between said source and 
Said electrode, means for directing electrons from 
said source through said cavity and toward said 
collecting electrode, means for adjusting the 
phase of the electrons passing through said cav 
ity SO that Velocity variations are established, and 
a hollow electrode disposed between said cavity 
and collecting electrode electrically biased inde 
pendently of said cavity and said collecting elec 
trode for returning to the cavity the said pass 
ing electrons and for adjusting the phase of 
electrons returning through Said cavity So that 
the returning electrons establish ultra high fre 
quency Waves within the cavity. 

2. An ultra high frequency device including a 
Source of electrons, a Collecting electrode, a res 
onant cavity located between said source and Said 
electrode, means for establishing ultra high fre 
quency waves within said cavity, means for di 
recting electrons from said Source through said 
cavity and toward said collecting electrode, 
means for adjusting the phase of the electrons 
paSSing through Said cavity So that velocity vari 
ations are established, and a hollow electrode 
disposed between said cavity and collecting elec 
trode electrically biased independently of said 
CaVity and said collecting electrode for return 
ing to the cavity the said passing electrons and 
for adjusting the phase of electrons returning 
through said cavity So that the returning elec 
trons increase the amplitude of the ultra high 
frequency waves established within the cavity. 

3. An ultra high frequency device including a 
source of electróns, a collecting electrode, a res 
Onant cavity located in operable relation between 
Said Source and said electrode, means for direct 
ing electrons from said source through said cav- . 
ity and toward said collecting electrode, means 
for adjusting the phase of the electrons passing 
through said cavity so that velocity variations 
are established, a hollow electrode disposed be 

  



2,293,15. 
tween said cavity and collecting electrode elec 
trically biased independently of said cavity and 
Said Collecting electrode for returning to the cav 
ity the said passing electrons and for adjusting 
the phase of electrons returning through said 
cavity so that the returning electrons increase 
the amplitude of the ultra high frequency waves 
established within the cavity by the electrons 
passing therethrough, and means including said 
collecting electrode for deriving currents corre 
sponding to said waves. 

4. An ultra high frequency device including 
a source of electrons, a collecting electrode, a 
resonant cavity operably located between said 
Source and said electrode, means for establish 
ing ultra high frequency waves within said cavity, 
means for directing electrons from said source 
through said cavity and toward said collecting 
electrode, means for adjusting the phase of the 
electrons passing through said cavity so that 
velocity variations are established, a hollow elec 
trode disposed between said cavity and collect 
ing electrode electrically biased independently 
of Said cavity and said collecting electrode for 
returning to the cavity the said passing electrons 
and for adjusting the phase of electrons return 
ing through said cavity so that the returning 
electrons increase the amplitude of the ultra high 
frequency waves established within the cavity, 
and means including said collecting electrode for 
deriving currents corresponding to said waves. 

5. An ultra high frequency device, including a 
source of electrons, a collecting electrode, a res 
onant cavity in operable relation between said 
source and said electrode, means for establish 
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ing within said cavity ultra high frequency waves 
to be detected, means for applying beating os 
cillations to said cavity, means for directing elec 
trons from said source through said cavity and 
toward said collecting electrode, means for ad 
justing the phase of the electrons passing 
through said cavity so that velocity variations 
are established, a hollow electrode disposed be 
tween said cavity and collecting electrode elec 
trically biased independently of said cavity and 
said collecting electrode for returning to said 
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cavity said passing electrons and for adjusting . 
the phase of electrons returning through said 
cavity, and means including said collecting elec 
trode for deriving currents having a frequency 
corresponding to the beat frequency of the ultra 
high frequency waves and beating oscillations. 

6. An ultra high frequency device including a 
source of electrons, a collecting electrode, a res 
onant cavity operably located between said 
source and said electrode, means for directing 
electrons from said source through said cavity 
and toward said collecting electrode, and a hol 
low electrode disposed between said cavity and 
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collecting electrode electrically biased independ 
ently of said cavity and said collecting electrode 
for returning to said cavity said electrons di 
rected through the cavity and for adjusting the 
phase of electrons returning through said cavity 
so that the returning electrons increase the ultra 
high frequency waves established within the cav 
ity by electrons passing therethrough. 

7. An ultra high frequency device including a 
source of electrons, a collecting electrode, a res 
onant cavity operably located between said 
Source and said electrode, means for establishing 
ultra high frequency waves within said cavity, 
means for directing electrons from said source 
through said cavity and toward said collecting 
electrode, and a hollow electrode disposed be 
tween said cavity and collecting electrode elec 
trically biased independently of said cavity and 
said collecting electrode for returning to said 
cavity said electrons directed through the cavity 
and for adjusting the phase of electrons return 
ing through said cavity so that the returning 
electrons increase the ultra high frequency waves 
established within the cavity. 

8. An ultra high frequency device including a 
Source of electrons, a collecting electrode, a res 
onant cavity positioned between said source and 
said electrode, means for directing electrons from 
said source through said cavity and toward said 
collecting electrode, a hollow electrode disposed 
between said cavity and collecting electrode elec 
trically biased independently of said cavity and 
said collecting electrode for returning to said 
cavity the electrons directed therethrough and 
for adjusting the phase of electrons returning 
through said cavity so that the returning elec 
trons increase the amplitude of the ultra high 
frequency Waves established within the cavity 
by electrons passing therethrough, and means 
including said collecting electrodé for deriving 
currents corresponding to said waves. 

9. An ultra high frequency device including 
a source of electrons, a collecting electrode, a 
resonant cavity positioned between said source 
and said electrode, means for establishing ultra 
high frequency waves within said cavity, means 
for directing electrons from said source through 
said cavity and toward said collecting electrode, 
a hollow electrode disposed between said cavity 
and collecting electrode electrically biased inde 
pendently of said cavity and said collecting elec 
trode for returning to said cavity the electrons 
directed therethrough and for adjusting the 
phase of electrons returning through said cavity 
so that the returning electrons increase the ultra 
high frequency waves established within the cav 
ity, and means including said collecting electrode 
for deriving currents corresponding to said waves. 

ERNEST G.INDER. 


