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United States Patent Office 2,944,233 
Patented July 5, 1960 

2,944,233 
CAVITY RESONATOR AND OSCILLATION 

GENERATOR 

Arthur Fong, Palo Alto, Calif., assignor to Hewlett 
Packard Company, Palo Alto, Calif., a corporation of 
California 

Continuation of application Ser. No. 370,553, July 27, 
1953. This application Oct. 16, 1958, Ser. No. 
768,530 

4. Claims. (C. 333-82) 

This application is a continuation of U.S. Patent ap 
plication, Serial No. 370,553, filed July 27, 1953. 
This invention relates generally to high frequency elec 

trical apparatus of the microwave type, and particularly 
to cavity resonators and oscillators making use of the 
Sa. 

Broadband microwave resonant circuits generally 
utilize a cavity which is adjustable with respect to its 
effective volume to meet the conditions of oscillation. 
For a cavity of a given shape and volume there can exist 
numerous modes of resonance. In many instances it is 
desirable to design a microwave circuit for the lowest fre 
quency mode of resonance. However, this is not always 
possible nor practical, because as the operating frequencies 
become higher, the cavity diminishes in size. Also the 
design size requirements may be such that the node of 
the lowest mode of resonance may fall inside of another 
structure, such as an oscillator tube. When because of 
such limitations higher order modes are utilized, reso 
nance will at times coincide with lower order modes. 
Under such conditions the lower order modes generally 
override the higher modes, with resulting discontinuity in 
the tuning curve, Still higher modes of resonance will 
at times occur simultaneously with the desired resonance, 
?with resulting simultaneous operation of the system on 
two diferent frequencies. In order to avoid such dif. 
ficulties it has been proposed to provide means which will 
prevent operation on an undesired mode. One means 
which has been used for this purpose is the provision of 
a probe of lossy material which is introduced into the 
cavity in such a manner as to suppress the undesired 
mode. This means has the disadvantage that a mechani 
cal arrangement must be employed to change the position 
of the probe for various selected frequencies of opera 
tion. Another means for this purpose is disclosed in 
U.S. Patent 2,747,098 to Myers and Zeidler which in 
volves use of a special arrangement of slots in the walls 
of the cavity. In many instances such special slotting 
of the cavity walls is not desirable, particularly since it 
involves accurate milling operations. 

In general it is an object of the present invention to 
provide apparatus of the above character in which novel 
means is provided to prevent oscillation on an undesired 
mode. 
Another object of the invention is to provide apparatus 

of the above character in which the means that prevents 
oscillation on an undesired mode is incorporated in an 
adjustable plunger which forms one wall of the cavity. 

Further objects and features of the invention will ap 
pear from the following description in which the pre 
ferred embodiment of the invention has been set forth 
in detail in conjunction with the accompanying drawings. 

Referring to the drawings: 
Figure 1 is a side elevational view in section illustrat 

ing a microwave oscillator incorporating the present in 
vention. 

Figure 2 is a circuit diagram illustrating the equivalent 
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circuit for the filter incorporated in the apparatus of Fig 
ure 1. 

Figure 3 is a schematic view illustrating a coaxial 
cavity resonator and adjustable plunger of conventional 
construction. 

Figure 4 is a mode plot of the cavity shown in Fig 
ure 3. 

Figure 5 is a mode plot of the coaxial cavity shown 
in Figure 1. 

Figure 6 is a side elevational view schematically illus 
trating a circular wave guide resonator incorporating the 
present invention, 

Figure 7 is an end view of the resonator shown in Fig 
ure 6. 

Figure 8 is a side elevational view schematically illus 
trating a rectangular wave guide resonator utilizing the 
present invention. 

Figure 9 is an end view of the resonator shown in Fig 
lure 8. 

Figure 10 is a view like Figure 2 but showing another 
embodiment. 

In accordance with the present invention I provide a 
cavity resonator with one wall which is movable to adjust 
the cavity volume. The movable wall is in the form of a 
plunger that incorporates a filter and a termination, and 
which prevents oscillation on an undesired mode. More 
Specifically any energy of the undesired frequency would 
be passed by the filter and absorbed in the termination. 
The net result is that the cavity resonates only over the 
desired range of frequencies, and no interruptions can 
occur due to modes of resonance outside the designed 
range. 

In Figure 1 the invention has been incorporated in 
a resonator of the coaxial type which is combined with 
a velocity modulation tube such as a klystron. Thus the 
metal body 10 provides conducting walls which form the 
cavity 11. It is assumed that the shaping is such that the 
cavity is circular in section, and that the bore 12 which 
extends from the cavity is likewise circular in section. A 
klystron tube 13 is mounted within one end of the body, 
and is held in place by the removable retaining nut 14. 
The lower grid ring 16 of the tube is directly connected 
to the body. The upper grid ring 17 is directly connected 
to the conductor 18, which extends axially through the 
cavity 11 and the bore 12. A coupling loop 19 is shown 
for coupling the cavity to an external circuit. 
The plunger assembly designated generally at 21 is 

fitted within the bore 12, and forms an adjustable wall. 
for the cavity. This plunger consists of a tubular con 
ducting shell 22 which is provided with wiper contact 
fingers 23, or a like means for making good electrical 
contact with the adjacent walls of the body 10, at the 
forward end of the plunger. 
A plurality of annular conducting members 24 are dis 

posed within the shell 12 and spaced axially of the 
plunger. The outer peripheries of members 24 are fixed 
to and in good conductive contact with the shell 22, while 
their inner peripheral faces are spaced with respect to the 
center conductor 18. In order to maintain such spacing, 
a tube 26 of suitable dielectric material is fitted within 
the members 24, and serves to maintain a definite Spac 
ing between these members and the center conductor 18. 
Beyond the last one of the members 24 there is an an 
nular body 27 of lossy material, which forms a termina 
tion, and can be made of Polyiron. 
The capacitive relation between the inner faces of the 

members 24 and the center conductor 18 forms a plu 
rality of capacitive components. These capacitive com 
ponents are connected by a plurality of inductive com 
ponents, formed by the conductive paths between mem 
bers 24. Therefore the capacitive and inductive com 
ponents form the elements of a filter as shown in Figure 




