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ELECTRIC WAVE RESONATORS 

INTRODUCTION 

This invention relates to microwave cavity resonators 
and to frequency-sensitive and selective networks such 
as wave ?lters, frequency meters, etc., which use such 
resonators. It particularly applies to those resonators in 
which more than one mode of resonance is present 
within the frequency band of interest, for example, 
those cylindrical cavities using the TEml mode. In this 
case the TM“l modes are particularly troublesome in 
that they have essentially the same resonant frequen 
cies and may interfere with the desired frequency 
sensitive characteristics. 
Cavity resonators have many applications in micro 

wave systems, because of their frequency-selectivity 
characteristics. It is well known that enclosed cavities 
with electrically~conductive walls act as frequency 
selective resonators such that, when coupled to electric 
waves from the outside, electromagnetic wave energy 
is more strongly excited in the cavity at particular reso~ 
nant frequencies than at other frequencies. When cou 
pled to an input waveguide and to an output waveguide 
such a cavity will act as a frequency-selective wave fil 
ter and pass energy with small loss from one waveguide 
to the other at those resonant frequencies which are 
coupled, and will substantially attenuate waves of other 
frequencies. For other applications, a cavity may have 
only one coupling means to a single waveguide. Such 
singly coupled resonators selectively absorb energy 
from an incident wave at the resonant frequencies but 
strongly re?ect wave energy at other frequencies. 
The various resonant frequencies have distinctive 

patterns of electrical and magnetic ?eld excitation 
within the cavity and each such frequency and its asso 
ciated pattern is designated as a mode of the cavity. 
The ?eld patterns are different for each mode, and 
many modes are possible in all such cavities which are 
substantially enclosed by electrically-conductive walls. 
In a given band of frequencies, normally only one mode 
is desired, and this situation is often obtained by dimen 
sioning the cavity according to well known theory such 
that the desired mode is the one with the lowest reso 
nant frequency. Then the next higher frequency mode 
may be substantially higher in frequency, out of the 
band of interest. However, for those applications re 
quiring a very high degree of frequency selectivity, one 
of the higher~order modes may be preferred, because 
it may have a larger “O”, which means that energy 
losses are lower for a given amount of energy stored in 
the internal electromagnetic fields. One of the most 
useful of these higher-order modes of resonance is that 
which is commonly designated as the TEOH mode which 
is found in a cylindrical cavity. Unfortunately, this 
high-Q low-loss mode is not unique within a given band 
of frequencies. In a simple cavity designed for this 
mode, it is found that there are two modes commonly 
designated as TM", modes which resonate at the same 
frequency at the TED" niode and there are other modes 
as well, at nearby frequencies. It is found that the fre_ 
quency selective characteristics of such a cavity or fil 
ter are distorted by the presence of more than one 
mode at the same frequency or at nearby frequencies. 
Prior art for this problem has involved a restriction in 
that the coupling irises have been placed only on the 
cylindrical side wall to couple only to the internal mag 
netic ?eld in the axial direction H, and avoid coupling 
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2 
to the circumferential component of the magnetic ?eld 
H9 or the radial component H,.. Because TM modes 
have no axial magnetic ?eld component, coupling to 
the TM modes can be suppressed in this way, theoreti 
cally. However, in practice, manufacturing imperfec 
tions are present and a slight degree of coupling to the 
TM modes commonly occurs. Another practice in the 
prior art is to use an internal disk-shaped end plate in 
the cylindrical cavity which does not contact the cylin 
drical wall and to place lossy material in the region hid 
den behind this plate. The TED“ mode does not couple 
well into this region, causing little loss for that mode. 
The TM modes, however, couple strongly into this zone 
and thereby suffer a loss, which reduces their deleteri 
ous effects. Use of these techniques results in a high 
cost of manufacture and is not always fully effective. 
For reasons of manufacturing economy, it is some 

times more desirable to couple into a cylindrical cavity 
through an end wall, coupling in this case to the radial 
magnetic ?eld. In this case, both TE and TM type 
modes may be directly coupled with very undesirable 
effects. It is a basic feature of the present invention that 
these deleterious effects are eliminated by detuning the 
undesired TM modes, shifting their resonant frequen 
cies out of the frequency band of interest. When this is 
done, coupling through the end wall is practical and 
feasible and the desired TE,m mode is the only one 
present within a substantial frequency band. 

SUMMARY OF THE INVENTION 

In the present invention, wave energy is coupled into 
and from a resonant cavity, particularly a high-Q cylin 
drical cavity, through one or both end walls. Undesired 
modes are selectively detuned out of the desired fre 
quency band by the insertion into the cavity of elon 
gated conductive members, such as pins, that are so 
placed and oriented as to cause ?eld distortion and de 
tuning of the undesired mode or modes, but which have 
little effect on the ?eld pattern of the desired mode. Fil 
ters and resonators employing such cylindrical cavities 
with end-wall coupling but substantially without mode 
interference effects allow more economical methods of 
construction that is found in the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a longitudinal section through a single cavity 
resonator or ?lter illustrating the general principles of 
the invention; 
FIG. 1A is a section along line IA-IA of FIG. 1; 
FIG. 2 is a longitudinal section of a two-cavity ?lter; 
FIG. 3 is a section on line 3-3 of FIG. 2; 
FIG. 4 is a section on line 4-4 of FIG. 2; and 
FIG. 5 is a longitudinal section through another ?lter 

illustrating the invention with a series of cylindrical 
cavities joined alternate to opposite sides of a common 
coupling plate. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a resonant cavity 1 of cylindrical shape 
designed for operation in the TEm, mode of resonance. 
The cavity is the air space within the cylindrical side 
wall between the planar end walls 4 and 5. Iris openings 
8 in each end wall are used to couple the cavity to two 
waveguides 6 and 7, respectively. Iris tuning screws 9 
are used to adjust the degree of coupling according to 
common practice. A larger tuning screw I0 in the side 
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wall is used to adjust the resonant frequency of the cav 
ity, also a common practice. 
FIG. I shows four elongated mode-detuning pins 2 

extending into the cavity from each wall 4, 5 in the 
axial direction. These pins are spaced at 90° separa 
tions in angular position on the locus of a circle cen 
tered on the cylinder axis and having a radius such that 
the pins are about mid-way between the side wall and 
the cylinder axis. Also shown are four elongated mode 
detuning pins 3 extending into the cavity from the cen 
tral zone of the cylindrical side wall 1. According to 
well established theory, as for example in Simon Ramo 
and John R. Whinnery, “Fields and Waves in Modern 
Radio", published by John Wiley and Sons, copyright 
I944, the TEM mode has an electric ?eld pattern 
whose lines of force are circles about the cylinder axis, 
lying in planes perpendicular that axis. These electric 
?eld lines are perpendicular to the long dimension of 
the pins 2, 3, and therefore are only slightly perturbed 
by their presence. However, the theory also shows that 
the TM," mode has a strong axially-oriented electric 
?eld at the end wall at a radius intermediate between 
the axis and the side wall. The pins 2, therefore, being 
located about mid-way between the axis and the side 
wall, strongly perturb this ?eld because they lie along 
or parallel to it. The effect is to reduce the resonance 
frequency of the cavity for the TM“, modes. The TM“I 
modes also have a strong radially oriented electric ?eld 
component in the axially-central region of the cavity at 
the side wall, and the pins 3 being located in that region 
and oriented parallel to that component have a similar 
effect there. The effect of these mode-detuning pins is 
to add capacitance to the equivalent circuit of the reso 
nator insofar as it concerns certain modes, and to re 
duce the resonance frequency of the cavity for any 
mode which has a high-frequency electric ?eld aligned 
with the pins at their positions in the cavity. In this way, 
one is able, selectively to reduce substantially the reso 
nance frequency of the cavity for such modes, thereby 
shifting the resonance frequencies for those modes out 
side of the frequency band of interest. In the case of the 
cavity shown in FIG. I, the high-Q resonance is re 
tained for the TEm, mode in the frequency band of in 
terest, and the mode-detuning pins 2, 3 serve effec 
tively to shift the TM“, modes from that band. 
Not all of these mode-shift pins 2, 3 are necessary in 

a given apparatus. A single pin 2 or 3 in a single posi 
tion is sufficient to detune the cavity for one of the two 
TM“, modes. A second pin, at an angular displacement 
of perhaps 90° from the ?rst allow detuning for both 
TMm modes. Three equally spaced pins 2 or 3 are also 
sufficient. We have obtained satisfactory results in 
most cases by using four pins 2 at 90° separation on one 
end wall only. Five or more might also be used. FIG. I 
shows more mode-shift (detuning) pins than are neces~ 
sary, to illustrate various options that are available to 
the designer. 

FIG. I shows two coupling irises 8, 8 and two coupled 
waveguides 6, 7, one on each end wall, 4, 5, respec 
tively. The cavity is also useful if only one iris and one 
waveguide are present. In this case the frequency selec 
tive characteristics of the re?ected waves from the sin 
gle waveguide are used. With two waveguides, the de 
vice can serve as a band-pass ?lter which allows low 
loss transmission from one waveguide to the other for 
frequencies near the resonance, while strongly attenu 
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4 
ating other, non-resonant or shifted-resonance fre 
quencies. 
FIG. 1 also shows the two waveguides on opposite 

end walls. The device, however, behaves guite similarly 
if both irises 8, 8 and both waveguides 6, 7 are on a sin 
gle end wall, placed at different angular positions about 
the cylinder axis. The technique of coupling wave en 
ergy into and out of a cavity through two irises in a sin 
gle end wall is used in the embodiment illustrated in 
FIG. 5. 

Filters of this type are commonly constructed of 
metal, but any strong hard material can be used pro 
vided the inner surfaces of the cavities and irises are 
coated with a high-conductivity material. 
The structure of FIG. 1 is a single-resonator ?lter. 

For many applications, multiple-resonator ?lters are 
needed to obtain a higher degree of frequency selectiv 
ity. It is a well-known practice to design such ?lters as 
a tandem array of cavity resonators with coupling 
means to a waveguide or other transmission line from 
each end cavity and coupling means between each pair 
of adjacent cavities in the tandem array. The resonators 
are commonly tuned to approximately the same fre 
quency and the coupling means are designed according 
to well-known theoretical principles to give a “band 
pass" frequency selective characteristic. The applica 
tion of this invention to multiple cavity ?lters will next 
be described. 

In FIGS. 2, 3 and 4 two cylindrical cavities l1 and 12 
are assembled with a common interstage coupling plate 
13 between them. FIG. 3 shows an end view of this ?l 
ter. FIG. 4 is a cross-section view taken through the 
coupling plate 13. The plate 13 has mode-shift pins I4 
passing through it. These pins are located in position 
favorable for detuning the TMUN modes. An iris open 
ing 15 in the coupling plate serves to couple the cavities 
I I, 12 together. The cavities are operated in the TEml 
cylindrical mode. The iris 15 is located off~center, pref 
erably at the radius for maximum H, (magnetic ?eld in 
the radial direction). The mode shift-pins 14 are per 
pendicular to the E ?eld of the TEml mode and cause 
little detuning for that mode. However, for the two 
TM“, modes which are "degenerate" (at the same fre 
quency) these pins are parallel to the E ?eld, and are 
preferably located a radial distance from the cylinder 
axis where the E ?eld of the unwanted TM mode ap' 
preaching the relevant end wall is maximum. The pins , 
l4 effectively add capacitance with respect to such TM 
modes thereby reducing the resonant frequency of the 
cavity for those modes. In that sense, the pins cause sig 
ni?cant detuning of the cavity or cavities in which they 
are installed, relative to the TM modes, especially to 
the TMIn modes, dropping the resonant frequency of 
those modes below the operating frequency band. 
The iris 15 can be adjusted in the degree of coupling 

with a screw 16 extending through the body of the plate 
13 into the iris form outside the plate where an adjust 
ing arrangement 17 is provided. Tuning screws 18, I9 
for the respective cavities 11, 12 are provided in the 
side wall of each cavity to tune the cavity resonance. 

Plates 2], 22 are provided at the extreme ends of the 
cavities ll, 12, respectively, with irises for coupling en 
ergy into and out of the ?lter. The input plate 2] has 
a coupling iris 25 similar to the interstage coupling iris 
l5, and having similar tuning means 26, 27. The outer 
surface 28 of the input plate is arranged for coupling to 
an input waveguide 31, the end of which couples to the 
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input iris 25. Mode-shift pins 24 are located on the 
inner surface 23, and these appear similar to mode-shift 
pins 14 for wave energy propagating in the ?lter. The 
output coupling plate 22 is functionally the mirror 
image of the input coupling plate 21, having mode-shift 
pins 34 within the second cavity 12, an iris opening 35 
for coupling that cavity with a waveguide 36 and an iris 
tuning pin 37. As in the interstage coupling plate 13, 
each and coupling plate has four mode-shift pins; there 
are four mode-shift pins in each end wall of each cavity. 
Again, more mode-shift pins are shown than are abso 
lutely necessary. 
To extend the principle of FIG. 2, 3, 4 to three or 

more cavities, it is only necessary to add more cylindri 
cal members like 11 and 12 with additional coupling 
plates like plate 13 between each pair of cylindrical 
member. According to well known principles, the cavi 
ties should be carefully tuned and the degree of cou 
pling at each iris should be properly adjusted to give the 
desired band-pass characteristic. 
A drawback to structures like those shown in FIGS. 

1, 2, 3, and 4, and multiple-cavity extensions of them 
is that the tuning screws 10, 18, 19, on the cylinder side 
walls can provide only a limited degree of tuning range 
without introducing signi?cant loss and signi?cant dis 
tortion of the internal ?eld patterns. The cylindrical 
members 1, ll, 12 must be quite precisely cut to length 
before assembly as determined by the desired fre 
quency. Tuning screws are more desirably placed on 
one of the ?at end walls. It is also desirable to permit 
an ajdustment of the length ofthe cylindrical cavity as 
measured along its axis. In this way, a single ?lter struc 
ture can be tuned over a much wider band of frequen 
cies. This drawback is overcome in this way in the 
structure shown in FIG. 5, where the end plates 71, 72, 
73, 74, and 75 are axially adjustable in position, and in 
clude tuning screws 89, 90, 91, 92, 93, for ?ne trim 
ming adjustment. 

In FIG. 5, a series of cavities 51, 52, 53, 54 and 55 
are assembled to a common coupling plate 41. This 
plate contains all the coupling irises 42, 43, 44, 45, 46 
and 47 and their tuning screws 42’ -47', respectively, 
for the ?lter. For convenience ‘in describing this ?gure, 
the two sides of the coupling plate will be referred to 
as the ?rst side 61 and the second side 62. An input 
waveguide 63 is coupled to the ?rst iris 42 at the ?rst 
side. The ?rst cavity 51 is attached to the plate 41 at 
the second side, located for coupling in the TE"ll mode 
with the ?rst and second irises 42, 43. The second cav 
ity 52 is attached to the plate at the ?rst side, located 
for coupling in the TE“.l mode with the second iris 43 
and the third iris 44. Likewise, the third cavity 53 is at 
tached to the second side 62 located for coupling in the 
TEM, mode with the third and fourth irises 44, 45; the 
fourth cavity 54 is af?xed to the ?rst side 61 so as to 
couple in the same mode with the fourth and ?fth irises 
45, 46; and the ?fth cavity 55 is affixed to the second 
side 62 so as to couple with the ?fth and sixth irises 46 
and 4'7, respectively. An output waveguide 64 is cou 
pled to the last iris 47 at the ?rst side 61. 

In the embodiment of FIG. 5, each cavity has its input 
and output irises located in the same end wall; how 
ever, each iris has the same properties as a coupling iris 
in FIG. 2 -— it is located off-center, at the radius for 
maximum H, in the TEOH mode. The coupling plate 41 
provides one end wall for each of the cavities through 
which energy is coupled. The opposite end of each cav» 
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6 
ity is closed by an individual end plate 71, 72, 73, 74, 
75, respectively. Each of these end closure plates has 
a set of four mode-shift pins and a tuning screw for the 
cavity in which it is installed. These details are identi 
tied at one such plate 73, where two mode-shift pins 84 
and a tuning screw 89 are shown. It will be understood 
that each closure plate has four mode-shift pins 84, 
however. Likewise, the coupling end plate 41 may have 
a set of four mode-shift pins in each cavity; two pins 
84', 84' of one such set are illustrated in the intermedi 
ate cavity 53. In this embodiment of the invention, the 
cavities are tuned through end walls, and there is no 
need to provide any structure through the side walls. 

It may be noted that while FIG. 5 shows a ?ve-cavity 
design, the principle of assembly is applicable to any 
number of cavities in tandem. For a single cavity de 
sign, for example, the cylindrical members 52, 53, 54, 
and 55 may be eliminated, together with their separate 
end plates, and the plate 41 may be cut off between 
members 51 and 53. The waveguide 64 is then attached 
to plate 41 over the iris hole 43. For two cavities, one 
would retain cavity member 51 and 52 and attach the 
waveguide 64 over iris 44 on the bottom side of plate 
41. 
We claim: 
1. An electric-wave cavity resonator with a plurality 

of modes or resonance in a given frequency band in 
tended for operation in a single one of said modes in 
said band of frequencies, comprising electrically 
conductive surrounding walls to de?ne said cavity, cou 
pling means on one or more of said walls, and mode de 
tuning means comprising one or more elongated con 
ductive pins having no cross~sectional dimension that 
is greater than a minor fraction of the length dimension 
placed within the cavity in positions and orientations so 
selected that the length dimension of each lies substan 
tially perpendicular to the high frequency electric field 
of said single mode of resonance and substantially par 
allel to the high frequency electric ?eld of others of 
said modes of resonance for tuning the resonance fre 
quency of said cavity for said other modes to frequen 
cies outside of said frequency band with substantially 
minimum addition of surface upon which electric cur 
rents must flow. 

2. Cavity resonator according to claim I wherei ; said 
conductive walls comprise a cylindrical side wall and 
two planar end walls. 

3. Cavity resonator according to claim 2 whe' ein said 
mode detuning means comprise one or more of said de 
tuning pins extending into the cavity from at least one 
of said end walls in a direction parallel to the cylindri 
cal axis and placed at a radial distance from the axis in 
termediate between said axis and said side wall. 

4. Cavity resonator according to claim 2 in which 
said mode detuning means comprise one or more of 
said detuning pins extending into the cavity in a radial 
direction from the cylindrical wall at a position inter» 
mediate between said end walls. 

5. An electric wave band pass>?lter comprised of one 
or more resonant cavities as in claim 2, each of said 

cavities having two of said coupling means, said cavities 
being coupled together via said coupling means. 

6. An electric wave band-pass ?lter according to 
claim 5 wherein two or more of said cavities are cou 

pled together in tandem, with each pair of adjacent 
cavities sharing a common end wall and common cou‘ 
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pling means in said common wall between said adjacent 
cavities. 

7. An electric wave band-pass ?lter according to 
claim 5 wherein said mode detuning means comprise 
one or more pins protruding into the cavity from at 
least one of the said end walls in a direction parallel to 
the axis of the cavity and placed at positions intermedi 
ate between the axis and the side wall. 

8. An electric wave band-pass ?lter according to 
claim 5 wherein said mode detuning means comprise 
one or more pins protruding into the cavity from the 
cylindrical wall in 'a radial direction from positions in 
termediate between the end walls. 

9. An electric wave band pass-?lter comprised of a 
sequential plurality in excess of two of said resonant 
cavities as in claim I, each of said cavities having two 
of said coupling means, said cavities being coupled to 
gether via said coupling means. 

10. An electric wave band-pass ?lter according to 
claim 9 wherein two of said cavities are coupled to 
gether in tandem, with each pair of adjacent cavities 
sharing a common wall and common coupling means in 
said common wall between said adjacent cavities. 

1]. An electric-wave band-pass ?lter according to 
claim 10 wherein the two coupling means of each cav 
ity are located side~by-side in the same wall of the cav 
ity, and said cavities are all attached to a common 
electrically-conductive plate which serves as a wall for 
each of said cavities, said cavities being aligned sequen 
tially thereon but placed alternately on opposite sides 
of said plate with the intercoupled cavities in said tan 
dem sequence being on opposite sides in each case, and 
with coupling means sequentially arrayed in said com 
mon plate between said cavities, an intermediate cavity 
in said sequential plurality being coupled at a ?rst of its 
two coupling means to the immediately preceding cav 
ity via one of the means in said plate, and at the second 
of its two coupling means to the immediately following 
cavity via the sequentially-next one of the coupling 
means in said plate. 

12. An electric-wave band-pass ?lter according to 
claim 11, said cavities having cylindrical shapes with 
axes aligned perpendicular to said common plate which 
provides an end wall for each cavity, the two coupling 
means of each cavity being an adjacent pair of said se 
quentially arrayed coupling means in said plate, the 
axis of said cavity meeting said plate at a point that is 
between the members of said pair. 

13. An electric‘wave band-pass ?lter comprised of a 
plurality in excess of two of resonant cavities coupled 
together in tandem sequence, the ?rst and the last of 
said cavities in sequence having external coupling 
means, with each adjacent pair of cavities in said se 
quence having a mutual coupling means, said cavities 

20 

25 

30 

35 

45 

SO 

55 

8 
being mounted on a common electrically-conductive 
plate which serves as a wall for each cavity, said cavi 
ties being alternately placed on opposite sides of said 
common plate in said sequence, said mutual coupling 
means connecting the members of said pairs of cavities 
through said common plate there being two coupling 
means for each cavity located side-by-side in the cavity 
wall that is provided by said plate, an intermediate one 
in said sequence of cavities being mutually coupled 
through one of its said coupling means with the imme 
diately preceding cavity in said sequence, and through 
the other of its said coupling means with the immedi 
ately following cavity in said sequence. 

14. An electric wave cavity resonator for use at mi 
crowave frequencies dimensioned to resonate to wave 
energy in a TEow mode in a frequency band centered 
at a speci?ed frequency, said cavity having the prop 
erty of resonance to other wave modes therein, end 
wall means for said cavity disposed transverse to the 
cylinder axis and having coupling means therein lo— 
cated off-center at the radial distance from said axis 
which favors coupling to the radial component of the 
magnetic ?eld Hr for the TE,“ mode, and mode-shift 
means each comprising an electrically conductive elon» 
gate pin having no cross-sectional dimension that is 
greater than a minor fraction of its length dimension 
extending into said cavity from at least one end wall, 
said mode-shift means being located on said end wall 
with its length dimension extending into said cavity in 
an axial direction so as to detune the cavity for wave 
energy in said other modes to effectively shift the reso 
nance frequency of the cavity for such other modes out 
of said frequency band with substantially minimum ad 
dition of surface upon which electric currents must 
flow. 

15. A ?lter comprising at least two of said cylindrical 
cavities according to claim 14, and between them cou 
pling means in the form of an electrically-conductive 
common endwall member having an iris opening 
through it located to favor H, wave energy in said 
TEmN mode between said cavities. 

16. A ?lter according to claim 15 having a plurality 
of said cavities in tandem, and a set of said pins on each 
end wall of each cavity. 

17. A resonator according to claim [4 in which said 
mode-shift means comprises a set of pins extending into 
said cavity from the locus of a circle at a radial distance 
from said cylinder axis where the E-?eld of at least a 
substantial component of said other modes approach 
ing said end wall is substantially maximum. 

18. A resonator according to claim 17 in which each 
end wall has a set of said pins. 
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