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ABSTRACT OF THE DISCLOSURE 

A variable-frequency signal generator is electrically 
coupled to a resonant cavity containing an ionized gas. 
The resonant frequency of the cavity may be changed by 
varying the frequency of the electrically coupled signal. 

CONTRACTUAL ORIGIN OF THE INVENTION 

The invention described herein was made in the course 
of, or under, a contract with the United States Atomlc 
Energy Commission. 

BACKGROUND OF THE INVENTION 

This invention relates to resonant cavities and more 
particularly to means for varying the resonant frequency 
of a cavity. 
The resonant cavity is widely used in the electrical art 

as a resonant circuit. The characteristics of a resonant 
cavity are similar to those of a conventional LC resonant 
circuit, with the resonant cavity having a much higher 
efficiency than conventional circuits in the microwave re 
gion. It is often desirable to vary the frequency at which 
resonance occurs within a cavity. Present cavities accom 
plish this by changing the physical size or shape of the 
cavity. It will be appreciated that, where a cavity is in 
an inaccessible location, it is di?icult to change the cavity 
resonance by changing the physical shape of the cavity. 
Further, changing of the physical dimensions of a cavity 
is slow and often difficult even when accessible. 

Accordingly, it is one object of the present invention 
to provide an improved means for changing the resonant 
frequency of a cavity. 

It is another object of the present invention to provide 
means whereby the resonant frequency of a cavity may 
be changed remote from the cavity. 

Other objects of the present invention will become more 
apparent as the detailed description proceeds. 

In general, the present invention comprises a cavity in 
combination with an ionizing gas within the cavity. Means 
are provided for generating a frequency-variable signal 
which is electrically coupled to the cavity to effect changes 
in the resonant frequency thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further understanding of the present invention may 
best be obtained from consideration of the accompanying 
drawings wherein: 
FIG. 1 is a schematic diagram of an apparatus for the 

practice of the present invention. 
FIG. 2 is a graphical representation of detected fre 

quency vs. excitation frequency for a cavity operated 
according to the present invention. 
FIG. 3 is a schematic diagram of an apparatus used to 

obtain the values plotted in FIG. 3. 
In FIG. 1, a cavity 10 has mounted therein cavity loop 

couplers 12 and 14 which are respectively connected to a 
receiving antenna 16 and a detector 18. This is a typical 
structure for a conventional cavity in a signal-receiving 
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system. For the present invention, to this structure is 
added a cavity loop coupler 20 mounted within the cavity 
10. A klystron oscillator 22 has its output connected via 
coaxial cable 24 to the loop coupler 20 and hence the 
cavity 10. A wide-band double-stub tuner 26 is connected 
to the coaxial cable 24 as shown. A vacuum pump 28 is 
coupled to the cavity 10 to permit partial evacuation of 
the interior thereof. 
The apparatus of FIG. 1 operates to change the reso 

nant frequency of the cavity 10 as follows. With the 
cavity partially evacuated by the vacuum pump 28, the 
klystron 22 is energized to deliver a signal of predeter 
mined frequency to the cavity 10. The double-stub tuner 
26 is adjusted to match the impedance of the klystron 22 
and the impedance of the cavity 10 so that minimum 
power loss of signal is insured. The power output of the 
klystron 22 is set so that it is su?icient to ionize the re 
maining gas within the interior of the cavity 10. With the 
remaining gas within the interior of the cavity 10 ionized, 
a change in the frequency of the output signal from 

. klystron 22 results in a change in the resonant frequency 
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of the cavity 10. Thus, the resonant frequency of the 
cavity 10 may be changed, whereby detection of selected 
frequencies received by antenna 16 may be effected with 
detector 18. 

It is to be noted that for the practice of the present in 
vention the klystron 22 may be operated in one mode to 
tune the cavity 10 and effect detection of frequencies in 
another ‘mode by the detector 18. For example, the 
klystron 22 may be operated in the TM mode to tune the 
cavity 10, while signals in the TB mode are detected by 
detector 18. Using this mode of operation, electrical iso 
lation between the cavity loop coupler 20 and the signal 
receiving and detecting loop couplers 12 and 14 is 40 db 
or better. Enhanced electrical isolation may be achieved 
by using selective band-pass ?lters in the receiving stage. 
To further illustrate the resonant frequency tuning of 

the cavity 10 by changing the output frequency of the 
klystron 22, reference is made to FIG. 2 wherein are 
shown graphical plots of excitation frequency output from 
klystron 22 vs. detected frequencies by detector 18. To 
obtain the data illustrated in FIG. 2, the apparatus of 
FIG. 3 was used. It will be noted that the apparatus of 
FIG. 3 is the same as in FIG. 1 except that the conven 
tiona receiving antenna 16 has been replaced by a sweep 
signal generator 30. Further, the cavity 10 is shown lined 
with a bell jar 32 which extends the length of the cavity 
10 but is spaced with respect to the sides thereof and is 
sealed to the cavity at one end as shown. The bell jar 
was used to facilitate partial evacuation of the cavity 10 
and is not a limitation on the present invention. The pres 
ent invention will work on cavities Which do not contain 
a bell jar. 
The cavity 10 in FIG. 3 had a diameter of 33 cm. and 

a length of 42 cm. with a characteristic resonance of 
686.234 megahertz. As stated, the bell jar extended the 
length of the cavity 10 and was spaced approximately 
1/2 inch from the interior walls thereof. The partial 
vacuum within the bell jar 32 was varied from .010 to 
.025 torr for different measurements. The output power 
of the klystron 22 was maintained at a level of 24 watts 
and was sufficient to ionize the remaining air within the 
bell jar 32. The klystron 22 was operated in the TE111 
mode and the sweep generator 30 was operated in the 
TMOIO mode. 
The resonant frequency of the cavity 10 was varied as 

hereinbefore described for the apparatus of FIG. 1. To 
detect the resonant frequency of the cavity, the sweep 
generator 30 was used. The curves 34, 36, 38 and 40 of 
FIG. 2, respectively, represent results obtained at partial 
bell-jar vacuum values of .010, .015, .020 and .025 torr, 
respectively. Curves 34, 36, 38 and 40 of FIG. 3 clearly 
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show that, if the excitation frequency from klystron 22 
is changed, the resonant frequency of the cavity 10 
changes. For example, when operating with a pressure of 
.025 torr, a change in the frequency of klystron 22 from 
625 megahertz to 627 megahertz in the TEm mode causes 
the resonant frequency of the cavity 10 to change from 
696 megahertz to 698 megahertz in the TMmo mode. 

It is to be understood that gases other than air may 
be used within the interior of the cavity 10 to elfect the 
present invention, the only limitation on such gases being 
that they be capable of being ionized. Further, such gases 
may be at pressures other than those described. The re— 
duced pressures set forth were used to facilitate ioniza 
tion of air and are not intended to form a limitation on 
the invention. It will be appreciated that the present in 
vention readily lends itself to remote control of the reso 
nant frequency of a cavity and permits the adjustment 
of the resonant frequency of a cavity more rapidly than 
accomplished by changing the physical dimensions thereof, 
as heretofore taught in the art. ‘ 

Persons skilled in the art will, of course, readily adapt 
the general teachings of the invention to embodiments 
far different from the embodiments illustrated. Accord 
ingly, the scope of the protection atforded the invention 
should not be limited to the particular embodiment illus 
trated in the drawings and described above, but should 
be determined only in accordance with the appended 
claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as follows: 
1. An apparatus for varying the resonant frequency of 

a cavity comprising an ionized gas within said cavity, 
means for generating a frequency-variable signal, and 
means for electrically coupling said generated signal to 
said cavity, the frequency of said generated signal being 3 
determinative of the resonant frequency of said cavity. 

2. The apparatus according to claim 1 wherein said 
electrical coupling means comprise a coaxial line con~ 
nected to said signal-generating means, loop coupling 
means terminating said coaxial line to said cavity, and 
means for matching the impedance of said cavity to the 
impedance of said signal-generating means. 
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3. The apparatus according to claim 2 wherein said 
impedance-matching means comprise a double-stub tuner 
electrically connected to said coaxial line to vary the 
impedance thereof. '“ 

4. In combination with a cavity containing a gas, means 
for partially evacuating said cavity, means for generating 
a frequency-variable signal at a power level to ionize gas 
remaining within said. partially evacuated cavity, and 
means for electrically coupling said frequency-variable 
signal to said partially evacuated cavity to vary the reso 
nant frequency thereof responsive to the frequency'of 
said generated signal. ‘ -. ~ 

5. The apparatus of claim 4 wherein said coupling 
means comprise coaxial means connected to said signal 
generating means and loop-coupled to the interior of said 
cavity, and means. interconnected of said coaxial line 
means to match the impedance of said cavity and said 
signal-generating means. 
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