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SPECIFICATION 

Resonator and Filter Employing the Same 

Technical Field 

The present invneiton relates to a resonator that is 

used for the elimination of noise, the splitting and 

synthesis of signals, etc., in radio conununication de-

vices, broadcast devices, and so on, and also relates to a 

filter comprising this resonator. 

BACKGROUND ART 

Resonators composed of capacitors and coils which are 

lumpe~-parameter .circuit elements, .or helic·a1 res9nators 

have been conventionally used in relatively low frequency 

bands; such as short wave and ultrashort wave bands. 

Fig. 1 is a vertical cross section of a conventional 

helical resonator, and Fig. 2 is a horizontal cross sec-

.......... ,.. tion thereof. 

This helical resonator comprises an external conduc-

tor 201; a capacity formation electrode 203; insulators 

2041 and 2042 ; a helical resonance element 202 at one end 

mechanically fixed to a~d electrically connected with the 

inside wall of the external conductor 201, wound coil-like 

in its middle portion, attached at the other end to the 

capacity formation electrode 203, and fixed to the inside 

wall of the external conductor 201 via the insulators 2041 
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and 2042 ; a movable electrode 205; a drive screw 206 to 

one end of which the movable electrode 205 is attached, 

and which passes through the external conductor 201; a 

lock nut 207 that is used to fix the drive screw 206 to 

the external conductor 201; and input/output coupling 

elements and input/output terminals (not shown). 

With this helical resonance element, the resonance 

frequency can be finely tuned by rotating the drive screw 

206 forward or backward to move the movable-· electrode 205 

ahead or back so that the capacity of the electrode 203 

can be varied. 

The conventional resonator described above has the 

following drawbacks. 

Since the helical resonance element 202 is formed by 

the winding of a metallic wire or a relatively thin rod­

shaped conductor in the form of a coil, not only is the 

heat-radiating surface area of the helical resonance 

element 202 itself small, but the thermal conductivity 

into the external conductor 201 is poor, so the heat 

produced by power loss in the helical resonance element 

202 is not effectively radiated from the helical resonance 

element 202 and the external conductor 201, and the 

resonance frequency fluctuates as a result of distortion 

due to the elevated temperature of the various constituent 

components of the resonator. 

The ends of the helical resonance element 202 are 
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directly or indirectly supported by and fixed to· the 

inside wall of the external conductor 201, but the middle 

portion is not supported by any support, and is instead 

formed so that it maintains a coiled posture by its own 

rigidity, so vibration resistance is poor, fabrication is 

difficult, and the cost is high. 

When the diameter of the wire or rod that forms the 

helical resonance element 202 is relatively large, distor­

tion of the helical resonance element 202 itself due to 

.the elevated temperature of the helical resonance element 

202 repeatedly applies mechanical strain to the insulators 

2041 and 2042 through the electrode 203, and in severe 

cases the insulators 2041 and 2042 would be broken. 

Because of its high impedanc~, a helical resonance 

element has inferior withstand voltage characteristics. 

When a filter is constructed from such a helical 

resonance element, the various above-mentioned drawbacks 

encountered with a helical resonance element appears as 

drawbacks directly in the filter. 

DISCLOSURE OF THE INVENTION 

It is object of the present invention to provide a 

resonator in which heat is effectively radiated away from 

.the resonance capacity element and external conductor, the 

fluctuation in resonance frequency is extremely small, the 

vibration resistance is excellent, and the impedance is 
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low, and to provide a filter in which this resonator is 

used. 

A resonator according to the present invention 

comprises: 

an external conductor; 

a resonance capacity element comprising a dielectric 

plate fixed at the upper and lower ends to the upper and 

lower walls, respectively, of the external conductor, and 

electrodes made of a metal plate or a metal thin layer 

provided on the front and back sides of the dielectric 

plate, wherein the lower end of one of the electrodes is 

electrically connected to the lower wall of the external 

conductor, and a gap .is formed between the upper end of 

the electrode and the upper wall of the external conduc­

tor, while the upper end of the other electrode is 

electrically connected to the upper wall of the external 

conductor, and a gap is formed between the lower end of 

\ .... ,, the other electrode and the lower wall of the .external 

conductor; 

an input terminal; 

an output terminal; and 

means for connecting one of the electrodes of the 

resonance capacity element to the input terminal and ·the 

output terminal in a high-frequency fashion. 

Another resonator according to the present invention 

comprises: 
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an external conductor; 

a resonance capacity element comprising a dielectric 

plate fixed at the upper_~~d lower ends to the upper and 

lower walls, respectively, of the external conductor, and 

electrodes made of a metal plate or a metal ~hin layer 

provided on the front and back sides of the dielectric 

plate, wherein the lower end of one of the electrodes is 

electrically connected to the lower wall of the external 

conductor, and a gap is formed between the upper end of 

said one electrode and the upper wall of the external 

conductor, while the upper end of the other electrode is 

electrically connected to the upper wall of the external 

conductor, and a gap is formed between the lower end of 

said other electrode and the lower wall of the external 

conductor; 

an input terminal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation of transmission characteristics connected 

.in series between the input terminal and the output termi­

nal; and 

means for connecting one of the electrodes of the 

resonance capacity element to the connection point of· the 

two inductance elements or the two capacity elements in a 

high-frequency fashion. 

A filter according to the present invention 
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comprises: 

a common external conductor; 

a plurality of resonance capacity elements connected 

in series in a high-frequency fashion and comprising a 

plurality of dielectric plates provided at suitable 

intervals in the external conductor and fixed at the upper 

and lower ends to the upper and lower walls, respectively, 

of the external conductor, and electrodes made of a metal 

plate or a metal thin layer provided on the front and back 

sides of each dielectric plate, wherein the lower end of 

one of the electrodes is electrically connected to the 

lower wall of the external conductor, and a gap is formed 

between the upper end of said one electrode and the upper 

wall of the external conductor, while the upper end of the 

other electrode is electrically connected to the upper 

wall of the external conductor, and a gap is formed 

between the lower end of the other electrode and the lower 

wall of the external conductor; 

an input terminal; 

an output terminal; 

means for connecting one of the electrodes of the top 

resonance capacity element of the plurality of resonance 

capacity elements to the input terminal in a high-frequen­

cy fashion; and 

means for connecting one of the electro.des of the 

last resonance capac·ity element of the piurality of. 
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resonance capacity elements to the output terminal in a 

high-frequency fashion. 

Another resonator according to the present invention 

comprises: 

an external conductor; 

a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose lower 

end portion is fixed to the lower wall of said external 

conductor and whose upper end portion faces the.upper wall 

of the external conductor a suitable distance away, a 

fixed electrode composed of a metal thin layer that 

adheres around the outer surf ace of the hollow cylinder 

and whose lower end portion is electrically connected to 

the lower wall of the external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

the fixed electrode and is attached to the upper wall of 

the external conductor so that the insertion length of the 

movable electrode into the hollow cylinder can be varied; 

an input terminal; 

an output terminal; and 

means for connecting the fixed electrode to the input 

terminal and the output terminal in a high-frequency 

fashion. 

Another resonator according to the present invention 

comprises : 

an external conductor; 
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a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose lower 

end portion is fixed to the lower wall of the external 

conductor and whose upper end· portion faces the upper wall 

of the exte·rnal conductor a suitable distance away, a 

fixed electrode composed of a metal thih layer that 

adheres around the outer surf ace of the hollow cylinder 

and whose lower end portion is electrically connected to 

the lower wall of the external conductor, and.a hollow or 

solid cylindrical movable electrode that is coaxial with 

the fixed electrode and is attached to the upper wall of 

the external conductor so that the insertion length of the 

movable elctrode into the hollow cylinder can be varied; 

an input terminal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation of transmission characteristics connect-

,..._,. ed in series between the input terminal and the output 

terminal; and 

means for connecting the fixed electrode to the 

connecting point of the two inductance elements or the two . 

capacity elements in a high-frequency fashion. 

Another filter according the present invention 

comprises: 

an external conductor; 

a plurality of variable resonance capacity elements 
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connected in series in a high-frequency fashion and 

comprising a plurality of hollow cylinders provided at 

suitable intervals and composed of a solid dielectric 

whose lower end portion is fixed to the lower wall of the 

external conductor and whose upper end portion faces the 

upper wall of the external conductor a suitable distance 

away, a fixed electrode composed of a metal thin layer 

that is provided on each of the hollow cylinder, adheres 

around the outer surface of the hollow cylinders, and 

whose lower end portion is electrically connected to the 

lower ·wall of the external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

the fixed electrode and is attached to the upper wall of 

the external conductor so that the insertion length of the 

movable electrode into the hell.ow cylinder can be varied; 

an input terminal; 

an output terminal; 

means for connecting the top resonance capacity 

element of the plurality of resonance capacity elements to 

the input terminal in a high-frequency fashion; and 

means for connecting the last resonance capacity 

element of the plurality of resonance capacity elements to 

the output terminal in a high-frequency fashion. 

A resonator according to the present invention 

comprises: 

an external conductor; 
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a variable resonance capacity element comprising of a 

fixed electrode composed of a hollow cylindrical conductor 

whose lower end portion is fixed to the lower wall of the 

external conductor and whose upper end portion faces the 

upper wall of the external conductor a suitable distance 

away and ~ movable electrode composed of a hollow or solid 

cylindrical conductor that is coaxial with the fixed 

electrode and is attached to the upper wall of the 

external conductor so that the insertion length of the 

movable electrode into the fixed electrode can be varied; 

an input terminal; 

an output terminal; and 

means for connecting the fixed electrode to the input 

terminal and the output terminal in a high-frequency 

fashion. 

Another filter according to the present invention 

comprises: 

an external conductor; 

a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion, provided 

at suitable intervals, and comprising of a fixed electrode 

composed of a hollow cylindrical conductor whose lower end 

portion is fixed to the lower wall of the external 

conductor and whose upper end portion faces the upper wall 

of the external conductor a suitable distance away and a 

movable electrode composed of a hollow or solid cylindrical 
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conductor that is coaxial with the fixed electrode and is 

attached to the upper wall of the external conductor so 

~h,pt the insertion length of the movable electrode into 

the fixed electrode can be varied; 

an input terminal; 

an output terminal; 

means for connecting the fixed electrode of the top 

resonance capacity element of the plurality of resonance 

capacity elements to the input terminal in a high-

frequency fashion; and 

means for connecting the fixed electrode of the last 

resonance capacity element of the plurality of resonance 

capacity elements to the output terminal in a high-

frequency fashion . 

.Another resonator .according to the present invention 

comprises: 

an external conductor; 

a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose upper 

and lower end portions face the upper and lower walls, 

respectively, of the external conductor a suitable dis-

tance away, first fixed electrode composed of a metal thin 

layer that adheres around the inner surface of the hollow 

cylinder and whose lower end portion is electrically 

connected to the lower wall of the external conductor, a 

second fixed electrode composed of ·a metal thin layer that 
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adheres around the outer surface of hollow cylinder and 

whose upper end portion is electrically connected to the 

upper wall of the external conductor, and a hollow or 

solid. cylindrical movable electrode that is coaxial with 

the first ~nd second fixed electrodes and is attached to 

the upper wall of the external conductor so that the 

insertion length into the above-mentioned hollow cylinder 

can be varied; 

an input terminal; 

an output terminal; and 

means for connecting the second fixed electrode to 

the input terminal and the output terminal ·in a high­

frequency fashion. 

Another resonator according to the present invention 

comprises: 

an external conductor; 

a variable resonance capacity element comprising a 

"-' hollow cylinder composed of a solid dielectric whose upper 

and lower end portions face the upper and lower walls, 

respectively, of the external conductor a suitable 

distance away, a first fixed electrode composed of a metal 

thin layer that adheres around the inner surface of the 

hollow cylinder ·and whose lower end portion is electrically 

connected.to the lower wall of the external conductor, a 

second fixed electr.ode composed of a metal thin layer that 

adheres around the outer surface of the hollow cylinder 
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and whose upper end portion is electrically connected to 

the upper wall of the external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

the .first and second fixed electrodes and is attached to 

the upper wall of the external conductor so that the 

insertion length of the movable electrode into the hollow 

cylinder can be varied; 

an input terininal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation of transmission characteristics connected 

in series between the input terminal and the output termi­

nal; and 

means for connecting the second fixed electrode to 

the connecting point of the two inductance elements or the 

two capacity elements in a high-frequency fashion. 

Another filter according to the present invention 

comprises: 

a common external conductor; 

a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion and 

comprising a hollow cylinder composed of a solid 

dielectric whose upper and lower end portions face the 

upper and lower walls, respectively, of the external 

conductor. a suitable distance away, a first fixed 

electrode composed of a metal thin layer that adheres 
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around the inner surface of the said hollow cylinder and 

whose lower end portion is electrically connected to the 

lower wall of th.e external conductor, a second fixed 

electrode composed of a metal thin layer that adheres 

around.the outer surface of the hollow cylinder and w~ose 

upper end portion is electrically connected to the upper 

wall of the external conductor, and a hollow or solid 

cylindrical movable electrode that is coaxial with the 

first and second fixed electrodes and is attached to the 

upper wall of the external conductor so that the insertion 

length of the movable electrode into the hollow cylinder 

can be varied; 

an input terminal; 
) 

' an output terminal; and 

means for connecting the second fixed electrode of 

the top resonance capacity element of the plurality of 

resonance capacity elements to the input terminal in a 

high-frequency fashion; and 

means for connecting the second fixed electrode of 

the last resonance capacity element of the plurality of 

resonance capacity elements to the output terminal in a 

high-frequency fashion. 

Another resonator according to the present invention 

comprises: 

an external conductor; 

a variable resonance capacity element comprising a 
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first fixed electrode composed of a metal hollow cylinder 

whose lower end portion is fixed to the lower wall of the 

external conductor, a second fixed electrode composed of a· 

metal hollow cylinder that is provided coaxially with the 

first fixed electrode with a gap on the outside of the 

first fixed electrode, and whose upper end portion is 

fixed to the upper wall of the external conductor, and a 

hollow or solid cylindrical movable electrode that is 

coaxial with the first and second fixed electrodes and is 

attached to the upper wall of the external conductor so 

that the insertion length of the movabe electrode into the 

first fixed electrode can be varied; 

an input terminal; 

an output terminal; and 

means for connecting the second fixed electrode to 

the input terminal and the output terminal in a high-

frequency fashion. 

Another resonator according to the present invention 

comprises: 

an external conductor; 

a variable resonance capacity element comprising a 

first fixed electrode composed of a metal hollow cylinder 

whose lower end portion is fixed to the lower wall of the 

external conductor, a second fixed electrode composed of a 

metal hollow cylinder that is provided coaxially with the 

first fixed electrode with a gap on the outside of said 
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first fixed electrode, and whose upper end portion is 

fixed to the upper wall of the external conductor, and a 

hollow or solid cylindrical movable electrode that is 

coaxial with the first and second fixed electrodes and is 

attached to the upper wall of the external conductor so 

that the insertion length of the movable electrode into 

the first fixed electrode can be varied; 

an input terminal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation of transmission characteristics connected 

in series between the input terminal and the output termi­

nal; and 

means for connecting the second fixed electrode to 

the connection point of the two inductance elements or the 

two capacity elements in a high-frequency fashion. 

Another filter according to the present invention 

comprises: 

a common external conductor; 

a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion, provided 

at suitable intervals and comprising a first fixed 

electrode composed of a metal hollow cylinder whose lower 

end portion is fixed to t~e lower wall of the external 

conductor, a second fixed electrode composed of a metal· 

hollow cylinder that is provided coaxially with the first 
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fixed electrode with a gap on the outside of the first 

fixed electrode, and whose upper end portion is fixed to 

the upper wall of the external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

the first and second fixed electrodes and is attached to 

the upper wall of the external conductor so that the 

insertion length of the movable electrode into the first 

fixed electrode can be varied; 

an input terminal; 

an output terminal; 

means for connecting the second fixed electrode of 

the top resonance capacity element of the plurality of 

resonance capacity elements to the input terminal in a 

high-frequency fashion; and 

means for connecting the second fixed electrode of 

the last resonance capacity element of the plurality of 

resonance capacity elements to the output terminal in a 

high-frequency fashion. 

The resonator according ·to the present invention has 

good thermal conductivity between the resonance capacity 

element and the external conductor because of the 

relatively large thermal radiation surface area of the 

resonance capacity element, so heat is effectively 

radiated from the resonance capacity element and the 

external conductor, and therefore the rise in the 

temperature of the various resonator components is kept 
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low and there is extremely little fluctuation in resonance 

frequency caused by distortion of the components as a 

result of elevated temperature. Furthermore, the 

structure is extremely simple and mechanically tough, so 

the product has excellent vibration resistance. The 

withstand voltage characteristics are also good because of 

the low impedance of the resonator. These same advantages 

are realized with a filter that incorporates the 

resonator according to the present invention. 

Further, in the case of a resonator formed with 

variable capacity by means of fixed and movable elec­

trodes, the range over-which the capacity can be varied is 

wider and the resonance frequency can be set over a wider 

range, so resonators with a greater variety of resonance 

frequencies can be formed using parts of the same conf igu­

rations and the same dimensions, and the costs entailed 

can therefore be lowered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

.·Fig. 1 is a vertical cross section of· a conventional 

resonator. 

Fig. 2 is a horizontal cross section of a conventional 

resonator. 

Fig. 3 is a vertical cross section of the reso~ator 

of the first embodiment according to the present 

invention; 
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Fig. 4 is a horizontal cross section of the resonator 

of the first embodiment; 

Fig. 5 is a vertical cross section of the resonator 

of the first embodiment, rotated 90° from Fig. 3; 

Fig. 6 is an equivalent circuit diagram of the first 

embodiment; 

Fig. 7 is a diagram illustrating an example in the 

first embodiment in which the input terminal 5 and the 

capacity formation electrode 3 are capacitively coupled by 

the capacity element 11, and the output terminal 6 and the 

capacity format1on electrode 4 by the capacity element 12; 

Fig. B is a diagram illustrating an example in the 

first embodiment in which probes 13 and 14 are used as the 

input/output coupling means; 

Fig. 9 is a vertical cross section of a resonator in 

which· loops 15 and 16 are used as the input/output 

coupling means in the first embodiment; 

Fig. 10 is a horizontal cross section of a resonator 

in which loops 15 and 16 are used as the input/output 

coupling means in the first embodiment; 

Fig. 11 is a vertical cross section of the resonator 

of the second embodiment according to the present inven­

tion; 

Fig. 12 is an equivalent circuit diagram of the 

second embodiment; 

Fig. ·13 is a diagram illustrating the transmission 
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characteristics of the second embodiment; 

Fig. 14 is a vertical cross section of the resonator 

of the third embodiment according to the present inven­

tion; 

Fig. 15 is an equivalent circuit diagram of the third 

embodiment; 

Fig. 16 is a diagram illustrating the transmission 

characteristics of the third embodiment; 

Fig. 17 is a vertical cross section of the resonator 

of the fourth embodiment according to the present inven­

tion; 

Fig. 18 is an equivalent circuit diagram of the 

fourth embodiment; 

Fig. 19 is a diagram illustrating the transmission 

characteristics of the fourth embodiment; 

Fig. 20 is a vertical cross section of the resonator 

of the fifth embodiment according to the present inven­

tion; 

Fig. 21 is an equivalent circuit diagram of the fifth 

embodiment; 

Fig. 22 is a diagram illustrating the transmission 

characteristics of the fifth embodiment; 

Fig. 23 is a vertical cross section of the resonator 

of the sixth embodiment according.to the present inven­

tion; 

Fig. 24 is a vertical cross section of the resonator 
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of the seventh embodiment of the present invention; 

Fig. 25 is a vertical cross section of the resonator 

of the eighth embodiment according to the present inven­

tion; 

Fig. 26 is a vertical cross section of the resonator 

of the ninth embodiment according to the present inven­

tion; 

Fig. 27 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 11; 

Fig. 28 is an equivalent circuit diagram of the 

filter shown in Fig. 27; 

Fig. 29 is an equivalent circuit diagram of a f.i.lter 

constructed using the resonator shown in Fig. 14; 

Fig. 30 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 20; 

¥ig. 31 is an equivalent circuit diagram of the 

filter shown in Fig. 30; 

Fig. 32 is a vertical cross section of a filter 

constructed using the resonator shown in fig. 17; 

Fig. 33 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 3; 

Fig. 34 is a horizontal cross section of the filter 

shown in Fig. 33; 

Fig. 35 is an equivalent circuit diagram of the 

filter shown in Figs. 33 and 34. 

Fig-. 36 is a converted equivalent circuit diagram of 
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the· equivalent circuit diagram shown in Fig. 35; 

Fig. 37 is a circuit diagram used to illustrate the 

design method for the filter according to the present 

invention; 

Fig. 38 is a diagram of the transmission characteris­

tics of the circuit in Fig. 37; 

Fig. 39 is a diagram illustrating an example of .the 

relation between the interstage magnetic field coupling 

coefficient and the center: spacing of.adjacent resonance 

capacity elements; 

Fig. 40 is a diagram illustrating an example of the 

transmission characteristics of the filter shown in Figs. 

33 through 36; 

Fig. 41 is a cross section of the main portion of 

another filter according to the present invention; 

Fig. 42 is a vertical cross section of a filter in 

which the interstage coupling consists of capacitive 

coupling; 

.Fig. 43 is an equivalent circuit diagram of the 

filter shown in Fig. 42; 

Fig. 44 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 43; 

Fig. 45 is a diagram illustrating an example of the 

transmission characteristics of the filter shown in Fig. 

42; 

Fig. 46 is a vertical cross section of the resonator 
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of the tenth embodiment according to the present 

invention; 

Fig. 47 is a horizontal cross section of the 

resonator of the tenth embodiment according to the present 

invention; 

Fig. 48 is an equivalent circuit diagram of the 

resonator shown in Fig. 47; 

Fig. 49 is a diagram illustrating an example in the 

tenth embodiment in which the input terminal 36 and the 

fixed electrode 33 are capacitively coupled by the capaci­

ty element 42, and the output terminal 37 and the fixed 

electrode 33 by the capacity element 43; 

Fig. 50 is a diagram illustrating an example in the 

tenth embodiment in which probes 44 and 45 are used as the 

input/output coupling means; 

Fig. 51 is a diagram illustrating an example in the 

tenth embodiment in which loops 46 and 47 are used as the 

\ .... ....-· input/ output coupling means; 

Fig. 52 is a vertical cross section of the resonator 

of the eleventh embodiment according to the present inven­

tion; 

Fig~ 53 is an equivalent circuit diagram of the 

resonator shown in Fig. 52; 

Fig. 54 is a diagram illustrating the transmission 

characteristics of the resonator shown in Fig. 52; 

Fig. 55 is a vertical cross section of the resonator 
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of the twelfth embodiment according to the present 

invention; 

Fig. 56 is an equivalent circuit diagram of the 

resonator shown in Fig. 55; 

Fig. 57 is a diagram illustrating the transmission 

characteristics of the resonator shown in Fig. 55; 

Fig. 58 is a vertical cross section of the resonator 

of the thirteenth embodiment according to the present 

invention; 

Fig. 59 is an equivalent circuit diagram of the 

resonator shown in Fig. SB; 

Fig. 60 is a diagram illustrating the transmission· 

characteristics of the resonator shown in Fig. 58; 

Fig. 61 is a vertical cross section of the resonator 

in the fourteenth embodiment according to the present 

invention; 

Fig. 62 is an equivalent circuit diagram of the 

resonator shown in Fig. 61; 

Fig. 63 is a diagram illustrating the transmission 

characteristics of the resonator shown in Fig. 61; 

Fig. 64 is a vertical cross section of an embodiment 

in which the coupling element 50 in the practical example 

shown in Fig. 52 has been replaced with a probe 44; 

Fig. 65 is a vertical cross section of an embodiment 

in which the coupling element 50 in the embodiment shown 

in Fig. 52 has been replaced with a loop 46; 
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Fig. 66 is a vertical corss section of an embodiment 

in which the coupling element 50 in the embodiment shown 

in Fig. 58 has been replaced with a probe 44; 

Fig. 67 is a vertical cross section of an embodiment 

in which the coupling element 50 in the embodiment shown 

in Fig. 58 has been replaced with a loop 46; 

Fig. 68 is a vertical cross section· of a filter 

constructed using the resonator shown in Fig. 46; 

Fig_. 69 is a horizontal cross section of .a filter 

constructed using the resonator shoW!l in Fig. 46; 

Fig. 70 is an equivalent circuit diagram of the 

filter shown in Flgs. 68 and 69; 

Fig. 71 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 70; 

Fig. 72 is a diagram illustrating an example of the 

relation between the interstage magnetic field coupling 

coefficient and the center spacing of adjacent resonance 

capacity elements; 

Fig. 73 is a vertical cross section of a band-pass 

filter in which the interstage coupling consists of 

electric field coupling; 

Fig. 74 is an equivalent circuit diagram of the 

band-pas~ filter shown in Fig. 73; 

Fig. 75 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 74; 

Fig. 76 is a vertical cross section of a filter 
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constructed using the resonator shown in Fig. 52; 

Fig. 77 is a right side view of the filter shown in 

Fig. 76; 

Fig. 78 is an equivalent circuit diagram of the 

filter shown in Fig. 76; 

Fig. 79 is an equivalent circuit diagram of a filter 

constructed using the resonator shown in Fig. 55; 

Fig. 80 is a vertical cross section of a constructed 

using the resonator shown in Fig. 61; 

Fig. 81 is an equivalent circuit diagram of the 

filter shown in Fig. 80; 

Fig. 82 is· an equivalent circuit diagram of a filter 

constructed using the resonator shown in Fig. 58; 

Fig. 83 is a vertical cross section of the resonator 

of the nineteenth embodiment according 'to the present 

invention; 

Fig. 84 is a horizontal cross section of the 

resonator of the nineteenth embodiment according to the 

present invention; 

Fig. 85 is an equivalent circuit diagram of the 

resonator of the nineteenth embodiment; 

Fig. 86 is a vertical cross section of an example in 

the nineteenth embodiment in which the input terminal 65 

and the fixed electrode 62 are capacitively coupled by the 

capacity element 71, and the output terminal 66 and the 

fixed electrode 62 by the capacity element 72; 
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Fig. B7 is a diagram illustrating an example in the 

nineteenth embodiment in which probes 73 and 74 are used 

as the input/output coupling means; 

Fig. BB is a diagram illustrating an example in the 

nineteenth embodiment in which tap coupling is performed 

using· coupling wires 75 and 76 as the input/output 

coupling means; 

Fig. B9 is a vertical cross section of the filter 

shown in F~g. B3; 

Fig. 90 is-a horizontal cross section of the filter 

shown in Fig. B9; 

Fig. 91 is an equivalent circuit diagram of the 

filter shown in Figs. 89 and 90. 

Fig. 92 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 91; 

Fig. 93 is a diagram illustrating an example of the 

relation between the interstage magnetic field coupling­

coefficient and the center spacing of adjacent variable 

resonance capacity elements; 

Fig. 94 is a diagram illustrating an example of the 

transmission characteristics over the wide band of the 

filter shown in Figs. 89: through 92; 

Fig. 95 is an enlarged transmission characteristics 

diagram near the resonance frequency fa in Fig. 94; 

Fig~ 96 is a vertical cross section of a filter in 

which variable resonance capacity elements are arrange~ at 
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specific intervals, and interstage magnetic field coupling 

adjustment elements are interposed between adjacent varia­

ble resonance capacity elements; 

Fig. 97 is a horizontal cross section of the filter 

shown in Fig. 96; 

Fig. 98 is a· vertical cros·s section of a filter 

constructed such that the interstage magnetic field 

coupling coefficient is adjusted by another type of inter­

stage. magnetic field coupling adjustment element; 

Fig. 99 is a horizontal cross section of the filter 

shown in Fig. 98; 

Fig. 100 is a vertical cross section of another 

example of a filter constructed using the resonator shown 

in Fig. 83; 

Fig. 101 is a vertical cross section of another 

example of a filter in which the stages are coupled by 

capac~tive coupling; 

Fig. 102 is a vertical cross section of the twentieth 

embodiment according to the present invention. 

Fig. 103 is a horizontal cross section of the 

resonator of the twentieth embodiment according to the 

present invention; 

Fig. 104 is an equivalent circuit diagram of the 

resonator shown in E'ig. 103; 

Fig. 105 is a diagram illustrating an example in the 

twentieth embodiment in which the input terminal 96 and 
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the fixed electrode 93 are capacitively coupled by the 

capacity element 102, and the output terminal 97 and the 

fixed electrode 93 by the capacity element 103; 

Fig. 106 is a diagram illustrating an example in the 

twentieth embodiment in which probes 104 and 105 are used 

as th~ input/output coupling means. 

Fig. 107 is a diagram illustrating an example in the 

twentieth embodiment in which loops 106 and 107 are used 

as the input/output coupling means; 

Fig. 108 is a vertical cross section of the resonator 

of the twenty-first embodiment according to the present 

invention; 

Fig. 109 is an equivalent circuit diagram of the 

resonator shown in Fig. 108; 

Fig. 110 is a diagram illustrating the transmission 

characteristics of the resonator shown in Fig. 108; 

Fig. 111 is a vertical cross section of the resonator 

\ ..... / of the twenty-second embodiment according to present 

invention; 

Fig. 112 is an equivalent circuit diagram of the 

resonator shown in Fig. 111; 

Fig. 113 is a diagram illustrating the transmission 

characteristics of the resonator shown in Fig. 111; 

Fig. 114 is a vertical cross section of the resonator 

in the twenty-third embodiment according to the present 

invention. 



------------------------------------------··-·-----·- ···-----

- 30 -

Fig. 115 is an equivalent circuit diagram of the 

resonator shown in Fig. 114; 

Fig. 116 is a diagram illustrating the transmission 

characteristics of the resonator shown in Fig. 114; 

Fig. 117 is a vertical cross sect.ion of the resonator 

of the twenty-fourth embodiment according to the present 

invention; 

Fig. 118 is an equivalent circuit diagram of the 

resonator shown in Fig. 117; 

Fig. 119 is a diagram illustrating the transmission 

characteristics of the _resonator shown in Fig. 117; 

Fig. 120 is- a vertical cross section of an embodiment 

in which the coupling element 110 in the practical example 

shown in Fig. 109 has been replaced with a probe 104; 

Fig. 121 is a vertical cross section of an embodiment 

in which the coupling element 110 in the embodiment shown 

in Fig. 108 has been replaced with a loop 106; 

Fig. 122 is a vertical cross section of an embodiment 

in which the coupling element 110 in the embodiment shown 

in Fig. 114 haEfbeen replaced with a probe 104; 

Fig. 123 is a vertical cross section of an embodiment 

in which the coupling element 110 in the embodiment shown 

in Fig. 114 has been replaced with a loop 106; 

Fig. 124 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 102; 

Fig. 125 is a horizontal cross section of a filter 
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constructed using the resonator shown in Fig. 102; 

Fig. 126 is an equivalent circuit diagram of the 

filter shown in Figs. 124 and 125; 

Fig. 127 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 126; 

Fig. 128 is a diagram illustrating an example of the 

relation between the interstage magnetic field coupling 

coe.fficient and the interval of the centers of adjacent 

resonance capacity elements; 

Fig. 129 is a vertical cross section of a band-pass 

filter in which the interstage coupling consists of elec­

tric field coupling; 

Fig. 130 is an equivalent circuit diagram of the 

band-pass filter shown in Fig. 129; 

Fig. 131 is aiconverte9. equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 130. 

BEST MODE FOR IMPLEMENTING THE INVENTION 

Fig. 3 is a vertical cross section of the resonator 

of the first embodiment according to the present inven­

tion, Fig. 4 is a horizontal cross section thereof, and 

Fig. 5 is a vertical cross section rotated 90° from Fig. 

3. 

The resonator of this embodiemnt comprises a cubic 

external conductor 1, a slender ribbon-.shaped dielectric 

plate 2, capacity formation electrodes.3 and 4, an input 
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I 

terminal 5, an output terminal 6, an input coupling wire 

7, an output coupling wire 8, a resonance frequency fine-

tuning element 9, and a lock nut 10 that is used to fix 

the fine-turning element 9. The external conductor 1 may 

also be a bottomed cylinder. 

The upper and lower ends of the dielectric plate 2 

are f~xed by an adhesive·agent or other suitable means to 

the upper and lower walls, respectively, of the external 

conductor 1. 

The capacity formation electrodes 3 and 4 are made of 

metal thin layers bonded to the front and back of the 

dielectric plate 2, or of metal plates applied to the 

front and back of the dielectric plate 2. As shown in 

Fig. S, regardless of whether the capacity formation 

electrodes 3 and 4 are made of a metal thin layer or a 

metal plate, the lower end of one of the electrodes (in 

this case the capacity formation electrode 3) is electri-

cally connected to the lower wall of the external conduc-

tor 1, and a gap of suitable width is provided between the 

upper end of the capacity formation electrode 3 and the 

upper wall of the external conductor 1 so that both may 

not be electrically connected each _other. The uppe.r end 

of the capacity formation electrode 4 is electrically 

connec~ed to the upper wall of the external conductor 1, 

and a gap of suitable width is provided between the lower 

end of the capacity formation electrode 4 and the lower 
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wall of the external conductor 1 so that both may not be 

electrically connected each other. 

The input terminal 5 and the output terminal 6 both 

consist of coaxial plugs, for example, and the external 

conductor that forms each coaxial plug is connected to the 

external conductor 1. One end of the input coupling wire 

7 is connected to the internal conductor of the input 

terminal 5, and the other end is connected to the capacity 

formation electrode 3. One end of the output .coupling 

wire 8 is connected to the internal conductor of the 

output terminal 6, and the other end is connected to ·the 

capacity formation electrode 3. The fine-tuning element 9 

is in this ca-se made of a metal screw threaded into the 

wall of the external conductor 1. 

In the resonator constructed in this manner, a 

parallel resonance circuit whose equivalent circuit is 

shown in Fig. 6, is composed of the distributed inductance 

.\,,.._..; resulting from the external conductor 1 and the capacity 

of the resonance capacity element formed by the dielectric 

plate 2 and the capacity formation electrodes 3 and 4. In 

Fig. 6, a symbol R represents the resonance circuit, a 

symbol M5R represents the input magnetic field coupling 

coeffi"cient, and a symbol MRG ·represents the output 

magnetic field coupling coefficient. 

When high-frequency power is applied, for example, to 

the input terminal 5, the electromagnetic field 
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distribution in this resonator becomes as shown in Figs. 4 

and 5. The broken line H marked with arrows in Fig. 4 

represents the magnetic field, the solid arrowed line E in 

Fig. 5 represents the electric field vector, and the solid 

arrowed line I represents the current. 

Since the inductance is relatively small, and the 

capacity is relatively large in this resonator, this 

resonator is a low impedance type with good withstand 

voltage characteristics. 

If a material with a high dielectric constant and a 

dielectric loss that is nearly zero is used as the dielec­

tric plate 2 in the resonance capacity element, then the O 

(qd) of the. resonance capacity element consisting of the 

dielectric plate 2 and the capacity formation electrodes 3 

and 4 can be ignored. Since the electromagnetic energy 

that can be accumulated in this resonator will correspond 

to the volume of the external conductor 1, and the 

\..../. resistance in the metal portion of this resonator can be 

kept extremely low, an extremely large unloaded O can be 

obtained. 

The magnitude of the unloaded O (Ou) when the 

external conductor 1 and the capacity.formation electrodes 

3 and 4 are made of copper in this resonator will vary 

with the ratio of the inductance to the capacity in the 

resonator. The inventor was able to obtain the following 

experimental equation for unloaded. O (Ou) through the use 
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of prototypes. 

Ou ~ 2a fa~ • SH • • • ( 1) 

where fa is resonance frequency (MHz) and SH is the 
"" . .;,-• 

height (cm) of the external conductor 1 (see Fig. 5). 

In this embodiment, tap coupling with the coupling 

wires 7 and 8 was given as an example of means for 

coupling in a high-frequency fashion the input terminal 5 

with the capacity formation electrode 3, and the output 

terminal 6 with the capacity formation electrode 3. 

However, means for capacitively coupling the input termi­

nal 5 with the capacity formation ·electrode 3 via the 

capacity element 11 and means for capacitively coupling 

the output terminal 6 with the capacity formation 3 via 

the capacity element 12 may also be used, as shown in Fig. 

7. In addition, probes 13 and 14 may be used as the 

input/output coupling means, as shown in Fig. a.· 

Loops 15 and 16 may also be used as the input/output 

coupling means, as shown in Figs. 9 and la which are the 

vertical cross section and the horizontal cross section, 

respectively, of the resonator. 

The above descriptions are all for a case in which 

the capacity formation electrode 3 that forms the 

resonance capacity element is coupled in high-frequency 

fashion to the .input terminal 5 and the output terminal 6. 

However, the present invention can also be implemented 

with a structure in which the capacity formation electrode 
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4 is coupled in high-frequency fashion to the input 

terminal 5 and the output terminal 6. 

In Figs. 7 through 10, the reference numerals that 

are the same as in Fig. 1 indicate the same elements. 

Fig. 11 is a vertical cross section of the resonator 

of the second embodiment according to the present inven­

tion, Fig. 12 is an equivalent circuit diagram thereof, 

and Fig. 13 is a diagram illustrating the transmission 

characteristics· thereof. 

In this embodiment, a low-pass filter circuit is 

composed of inductance elements 17 and 18 for the compen­

sation of transmission characteristics, interposed between 

the connection terminals 5 and 6 for an external circuit, 

and a capacity element 19 connected between the capacity 

formation electrode 3 and the connection point of the in­

ductance elements 17 and 18. In this resonator, as shown 

by the transmission characteristics in Fig. 13 where the 

axis of abscissa represents· the frequency and the axis of 

ordinate represents the amount of attenuation, the slope 

of the attenuation characteristic curve in the frequency 

region lower than the resonance frequency f o is steep, 

while the slope of the attenuation characteristic curve in 

the frequency region higher than the resonance frequency 

f 0 is gentle, and a transmission inhibition band is formed 

in the frequency region i~cluding the resonance frequency 
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The resonance frequency f o of the circuit composed of 

the resonance circuit R and the coupling-use capacity 

element 19 changes according to the capacity of the 

coupling-use capacity element 19. The fine tuning of the 

resonance frequency can also be performed by the provision 

of an adjustment element simlilar to the resonance 

frequency fine-tuning element 9 ,. as shown in Fig. 4. 

Fig. 14 is a vertical cross section of the resonator 

of the third embodiment according to the present inven­

tion, Fig. 15 is an equivalent circuit diagram thereof, 

and Fig. 16 is a diagram illustrating the.transmission 

characteristics thereof. 

This embodiment differs from the second embodiment 

shown in ~ig. 11 in that the coupling of the connection 

point of the inductance elements 17 and 18 with the 

capacity formation electrode is performed by tap coupling 

using an inductance element 20, and in that the resonance 

frequency f 0 of the circuit composed of the resonance 

circu~t R and the coupling-use inductance element 20 

changes according to the inductance of the inductance 

element 20. The rest of the structure and op~ration is 

substantially the same as in the second embodiment shown 

in Fig. 11 .. 

Fig. 17 is a vertical cross section of the resonator 

of the fourth embodiment according to _the present inven­

tion, Fig. 18 is an equivalent circuit diagram thereof, 
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and Fig. 19 is a diagram illustrating the transmission 

characteristics. thereof. 

This embodiment differs from the second embodiment 

shown in Fig. 11 in that· the inductance elements 17 and 18 

in the second embodiment shown in Fig. 11 are rep~aced 

with capacity elements 21 and 22. The rest of the 

structure is the same as in the second shown in Fig. 11. 

As shown in Fig. 19, in this embodiment, the slope of 

the attenuation characteristic curve in the f~equency 

region lower than the resonance frequency f 0 is gentle, 

while the slope of the attenuation characteristic curve in 

the frequency region higher than the resonance frequency 

fo is steep, and a transmission inhibition band is formed 

in the frequency region including the resonance frequency 

fo· 

Fig. 20 is a vertical cross section of the resonator 

of the fifth embodiment according to the present inven­

tion, Fig. 21 is an equivalent circuit diagram thereof, 

and Fig. 22 is a diagram illustrating the transmission 

characteristics thereof. 

This embodiment is the same as the fourth embodiment 

shown in Fig. 17 in that the capacity elements 21 and 22 

are used-as transmission characteristic compensation 

elements, and is the same as the embodiment shown in Fig. 

14 in that tap coupling is performed using the inductance 

element 20. The rest of the structure is the same as in 
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the fourth embodiment shown in Fig. 17. 

Figs. 23, 24, 25, and 26 are vertical cross sections 

of the sixth, seventh, eighth, and ninth embodiments of 

the present invention, respectively. 

· The resonator shown in Fig. 23 has a probe 13 in 

place of the coupling element 19 of the second embodiment 

shown in Fig. 11; the resonator shown in Fig. 24 has a 

loop 15 in place of the coupling element 19 of the second 

embodiment shown in Fig. 11; the resonator shown in Fig. 

25 has a probe 13 in place of the coupling element 19 of 

the fourth embodiment shown in Fig. 17; and the resonator 

shown in Fig. 26 has a loop 15 in place of the coupling 

element 19 of the fourth embodiment shown in Fig. 17. The 

rest of the structure in the respective Figs. is the 

same. as the structure in Figs. 11 or 17. 

Fig. 27 is a cross section of a filter constructed 

using a plurality of the resonators shown in Fig. 11. 

This filter comprises an external conductor lC, 

partition walls 15i, 152 , and 153 , resonance capacity 

elements CE1 , CE2 , CE3 , and CE4 , external circuit connec­

tion terminals 5 and 6, inductance elements 171 , 181 , 17 2 , 

182 , 173 , 183 , 174 , and 184 for the compensation of trans­

mission characteristics, and coupling capacity elements 

191 , 192 , 193 , and 194 . 

The resonance capacity elements CE1 through CE4 have 

the same structure as the resonance capacity element shown 
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in Fig. 3. Specifically, electrodes made of a metal thin 

plate or a metal plate are provided on the front and back 

sides of a dielectric plate whose upper and lower ends are 

fixed to the upper and lower walls, respectively, of a 

common external conductor IC,. the lower end of one of the 

electrodes is electrically connected to the lower wall of 

the common external conductor IC, and a gap is formed 

between the upper end of said one electrode and the upper 

wall of the common external conductor IC, while the upper 

end of the other electrode is electrically connected to 

the upper wall of the external conductor IC, and a gap is 

formed between the lower end of the other electrode and 

the lower wall of the external conductor IC. 

Fig. 28 is an equivalent cir~uit diagram of the 

filter shown in Fig. 27. Symbols R1 through R4 represent 

resonance circuits composed of the common external 

conductor IC and the resonance capacity elements CE1 

through CE4 ; reference numerals 17 1 , 1871 through ~87 3 , 

and 184 represent inductance elements for the compensation 

of transmission characteristics; the reference numeral 

1871 represents a synthetic inductance element of "the 

inductance elements 181 and 172 in Fig. 27; the reference 

numeral 1872 represents a synthetic inductance element of 

the inductance elements 182 and 113 ; the reference numeral 

1873 represents a synthetic inductance element of the 

inductance elements 183 and 174 ; and reference numerals 
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191 through 194 represent coupling capacity elements. 

The transmission characteristic of the filter shown 

in Fig. 27 is the superimposition of the.transmission 

characteristics of the resonators at all stages composing 

this filter, that is, the superimposition of the transmis­

sion characteristics substantially the same as the trans­

mission characteristics shown in Fig. 13. The resonance 

frequencies (fo in Fig. 13) of all stages composed of a 

resonator and a coupling-use capacity element are repre­

sented by £ 01 through £ 04 , respectively. Suitable adjust­

ment of these resonance frequencies such that they ap­

proach each other, for instance, all~ws a region of inhi­

bition with a large amount of attenuation to be realized, 

while -adjustment of these resonance frequencies f 01 

through f 04 to adequately separated values allows a region 

of inhibition with a wide range of frequency to be real­

ized. 

Fig. 29 is an equivalent circuit diagram of a filter 

constructed using a plural.ity of the resonators shown in 

. Fig. 14. The reference numerals 201 through 204 represent 

coupling-use inductance elements (tap coupling), and the 

rest of the symbols are the same.as in Fig. 24. 

The transmission characteristics of this filter 

represented by the equivalent circuit s~own in Fig. 29, is 

the superimposition of the transmission characteristics ·of 

the resonators at all stages composing this ·filter, that 
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is, the superimposition of the transmission characteristics 

substantially the same as the transmission characteristics 

shown in Fig. 16. Suitable adjustment of each resonance 

frequency allows the frequency range and the amount of 

attenuation in the synthesis inhibition region to be 

suitably adjusted. 

Fig. 30 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 20. 

This filter comprises an external conductor lC, 

partition walls 151 , 152 , and 153 , resonance capacity 

elements CE1 , CE2 , CE3 , and CE4 , external circuit connec­

tion terminals 5 and 6, inductance elements 211 , 221 , 212 , 

222 , 213 , 223 , 214 , and 224 for the compensation of trans­

mission characteristics, and inductance elements 201 , 20 2 , 

203 , and 204 for the tap coupling. 

Fig. 31 is an equivalent circuit diagram of the 

filter shown in Fig. 30. Symbols R1 through R4 represent 

.\..._..; resonance circuits, reference numerals 211 , 2211 through 

2213 , and 224 represent capacity elements for the compen­

sation of transmission characteristics; the reference 

numer?ls 2211 represents a synthetic capacity element of 

the capacity elements 221 and 21 2 in Fig. 26; the 

reference numeral 2212 represents a synthetic capacity 

element of the capacity elements 222 and 213 ; the 

reference numeral 221 3 represents a synthetic capacity 

element of th.e capacity elements 223 and 214 ; and 
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reference numerals 201 through 204 represent inductance 

elements for tap coupling. 

The transmission characteristics of the filter shown 

in Fig. 30 is the superimposition of the transmission 

characteristics of the resonators at all stages composing 

this filter, that is, the superimposition of the transmis-

sion characteristics. substantially the same as the 

transmission characteristics shown in Fig. 22. Suitable 

adjustment of these resonance frequencies allows the 

f requ~ncy range and the amount of attenuation in the 

synthesis inhibition region to be suitably adjusted. 

Fig. 32 is an equivalent circuit diagram of a filter 

constructed using the resonator shown in Fig. 17. Reference 

nwne:r-als 191 through 194 represent coupling-use capacity 

elements, and the rest of the symbols are the same as in 

Fig. 31. 

The transmission characteristics of this filter 

expressed by the equivalent circuit shown in Fig. 32, is 

the superimposition of the transmission _characteristics of 

the resonators at all stages composing thi~ filter, that 

is, the superimposition of the transmission characteris­

tics substantially the same as the transmission character-
. . 

istics shown in Fig. 19. Suitable adjustment of these 

resonance frequencies allows the frequency range and the 

amount of attenuation in the synthesis inhibition region 

to be suitably adjusted.· 
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Although Figs. 27 through 32 illustrate examples in 

which four resonance capacity elements are provided, that 

is, when the order n of the circuit is 4, the present 

invention can also be implemented when order of the 

circuit is suitably increased or decreased. 

Fig. 33 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 3, and Fig. 

34 is a horizontal cross section thereof. 

This filter comprises an externa~ ~~nductor lC, 

resonance capacity elements CE1 , CE2 ·,, CE3 , and CE4 having 

the same structure as that described for Fig. 23, an input 

terminal 5, an output terminal 6, an input coupling wire 

7, an output coupling wire 8, resonance frequency fine-

tuninSJ .. eJ~ments 91 , 9 2 , 9 3 , and 94 , and lock nuts 101 , 
. . . ~ .... . . 

102 , 103 , and 104 that is used to fix the fine-tuning 

elements 91 , 92 , 93 , and 94 . 

Fig. 35 is an equivalent circuit diagram of the 

\_,· filter shown in Figs. 33 and 34. Symbols R1 through R4 

represent resonance circuits, the symbol M51 represents 

the input magnetic field coupling coefficient, the symbol 

M46 represents the output magnetic field coupling coef f i­

cient, and symbols M12 through M34 represent interstage 

magnetic field coupling coefficients. 

Fig. 36 is a converted equivalent circuit diagram of 

the equivalent-circuit diagram shown in Fig. 35. The 

symbols are the same as in Fig. 35. 
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Alhtough Figs. 33 through 36 illustrate examples in 

which the order n of the circuit is 4, the present 

invention can also be implemented when the order of the 

circuit is suitably increased or decreased. In addition, 

although Figs. 33 through 36 illustrate examples in which 

the input/output coupling elements consist of the tap 

coupling wires 7 and 8, a capacity coupling element 

composed of the capacitors 11 and 12 or the probes 13 and 

14 or a magnetic field coupling element composed of the 

loops 15 and 16 shown in Figs. 7 through 10 may also be 

used to implement the present invention. 

In the design of the band-pass filter shown in Figs. 

33 through 36, element values are determined for a 

normalized low-pass filter, and then circuit constants are 

determined from these value to obtain the required trans­

mission char~cteristics, as in a conventional design 

method. It will now be described how a band-pass filter 

whose pass band exhibits Chebyshev characteristics and 

whose attenuation band exhibits Wagner characteristics is 

designed based on the element values g 1 through gn of a 

normalized Chebyshev low-pass filter, whose circuit 

diagram is shown in Fig. 37 and whose transmission 

characteristic curve is shown in Fig. 38 (where the axis 

of abscissa represents the normalized frequency, the axis 

of ordinate represents the amount.of attenuation, and fc 

is the normalized cut-off frequency). 
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Let the voltage standing-wave ratio (VSWR) within the 

pass band that is permissible in terms of the design of 

the band pass filter be S, then the permissible ripple Lr 

within the pass band is expressed by the following 

equation { 2). 

Lr = 10 log {(S + 1) 2 I 4S} (dB) • • • ( 2 ) 

The permissible ripple Lr is determined from the 

above equation,. the order n of the circuit is also deter­

mined_, the element value g 1 is determined from equation 

(3), and the element values g 2 through gn are determined 

from equation (4). 

• • • ( 3 ) 

gk = C4ak-1 • ak) f (bk~l • gk-1) 

k = 2, 3, ... , n 

where 

r = sinh (j3/2n) • • • ( 5 ) 

J3 = ln {coth {Lr/17.37)} ••• (6) 

ak = sin {(2k - l)n I 2n} • • • ( 7) 

bk = r 2 + sin2 (kn/n) ... ( 8 ) 

• • • ( 4) 

In Fig. 37, RL is the load resis.tri:ace. When the 

order n of the circuit is an odd number, 

RL = 1 • • • ( 9 ) 

and when the order n of the circuit is an even 

number, 

RL = coth2 (j3/4) • • • ( 10) 

The input/output magnetic field coupling coefficients 



- 47 -

and the interstage magnetic field coupling coefficients 

can be determined from equations (11) and (12) and the 

pass band width Bwr, the required center frequency fo of 

the band-pass filter, .and-the element values g 1 through gn 

determined from equations (3) and(4). 

If we express the input/output magnetic field 

coupling coefficients as M01 and ~, n+l' 

M01 = ~, n+l ~ 2/g1 {Bwr/fo)~ ••• (11) 

If we express the interstage magnetic field coupling 

coefficient as M12 = Mn-l,n and M23 = ~-2 , n-l' ... ,and 

if we determine these and express them as Mk, k+l (k = 1, 

2, ... , n-1), 

Mk, k+ 1 . { 4 I ( gk • gk+ 1 ) } ~ • Bwr If o · • • • ( 12 ) 

The center spacing of adjacent resonance capacity 

elements can be determined using Fig. 39 and the inter-

stage magnetic field coupling coefficient Mk, k+l deter­

mined from equation (12). 

Fig. 39 illustrates an example of the relation 

between the interstage magnetic field coupling coefficient 

and the center spacing of adjacent resonance capacity 

elements, obtained as a result of repeated experimentation 

with prototypes by the inventor. The axis of abscissa 

represents (d - 0.3C)/W where d is the center spacing of 

adjacent resonance capacity elements (see Fig. 33), C is 

the width of the resonance capacity element (see Fig. 33), 

and W. is the width of the common external conductor (see 
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Fig. 34). The axis of ordinate represents the interstage 

magnetic field coupling coefficient Mk, k+l· 

The transmission loss L of the band-pass filter shown 

in Figs. 33 through 36 is expressed by the following 

equation. 

L (dB) = 10 log {1 + [(S - 1) 2 /4S]T2n (x)} ••• (13) 

where Tn. (x) is a Chebishev polynomial; 

when x < 1, Tn (x) =cos (n cos-1 x), and 

when x > 1, Tn (x) = cosh (n cosh- 1 x). 

x is the normalized frequency, 

x = (fo/Bwr)[f/fo - fo/fJ 

fo is the center frequency in the BPF pass band, 

f is an arbitrary transmission frequency, 

Bwr is the permissible pass band frequency width, and 

S is the permissible voltage standing-wave ratio 

(VSWR) within the pass band. 

Fig. 40 is a diagram illustrating an example of the 

transmission characteristics of the filter shown in Figs. 

33 through 36. The axis of abscissa represents the 

frequency, and the axis of ordinate represents the amount 

of attenuation. 

Although Figs. 27, 30, 33, and 34 all give examples 

in which resonance capacity elements are provided such 

· that the width directions of the resonance capacity 

elements CE1 through CE4 will be parallel to the 

lengthwise direction of the common external conductor IC, 
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in all of the embodiments, as shown by the cross section 

of principal components in Fig. 41 (a cross section 

similar to Fig. 34), the present invention can also be 

imple~ented with the resonance capacity elements CE1 

through CE4 arranged such that their width directions are 

at a right angle to the lengthwise direction of the common 

external conductor IC. 

When a bnad-pass filter is constructed with the 

resonance capacity elements which are arranged as shown in 

Fig. 41 and coupled to adjacent elements each other by 

magnetic field coupling, the design method thereof is the 

same as the design method for the band-pass filter shown 

in Fig. 33. A band~pass filter having the required trans­

mission characteristics can be realized through suitable 

correction of the value of C in the axis of abscissa (d -

0.3C)/W of Fig. 39, which is used to determine the center 

spacing of the resonance capacity elements, or in other 

\.....-· words, since the. value of ·c corresponds to the width of 

the resonance capacity elements, through correction of the 

value -of C to a value that corresponds to .. the thickness of 

the resonance capacity element when the resonance capacity 

elements are arranged as shown in Fig. 41. 

Fig. 42 is a -vertical cross section of a band-pass 

filter in which the interstage coupling consists of 

capacitive coupling (a cross section at the same location 

as in Fig. 33). 
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This filter comprises an external conductor lC, 

resonance capacity elements CE1 through CE4 , an input 

terminal 5, an output terminal 6 1 an input coupling 
,'"';. 

capacity element 23511 interstage coupling capacity 

elements 2312 , 23 231 and 2334 , and an output coupling 

capacity element 2346· 

Fig. 43 is an equivalent circuit diagram of the 

band-pass filter shown in Fig. 42. Symbols R1 through R4 

represent resonance circuits, the reference numeral 2351 

represents the input coupling capacity, reference numerals 

2312 through 2334 represent interstage coupling capaci­

ties, and the reference numeral 2346 represents the output 

coupling capacity. 

Fig. 44 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 43. 

Although Fig. 42 shows an example in which the 

input/output coupling elements consist of capacity 

elements, tap coupling wires, probes, loops, or other such 

high-frequency coupling means may also be used. 

Fig. 45 is a diagram illustrating an example of the 

transmission characteristics of the band-pass filter shown 

in Fig. 42. The axis of abscissa represents the frequen-

cy, and the axis of ordinate represents the amount of 

attenuation. 

Fig. 46 is a vertical cross section of the resonator 

of the tenth embodiment according to the present 
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invention. Fig. 47 is a· horizontal cross section thereof. 

The resonator of this embodiment comprises a cubic 

external conductor 31; a variable resonance capacity 

element 32 made of a solid dielectric hollow cylinder, a 

fixed electrode 33, and a movable electrode 34; a lock nut 

35 that is used to fix the movable electrode 34; an input 

terminal 36; an output terminal 37; an input coupling wire 

38; an output coupling wire 39; a ·resonance frequency 

fine-tuning element 40; and a lock nut 41. The external 

conductor 31 may also be a bottomed cylinder. 

The lower end of the hollow cylinder 32 is fixed to 

the lower wall of the external conductor 31 by an adhesive 

agent or another suitable means, and the upper·end faces. 

the upper wall of the external conductor 31 a suitable 

distance away. 

The fixed electrode 33 is made of silver or another 

metal thin layer bonded around the outside of the hollow 

cylinder 32, and the lower end thereof is electrically 

connected to the lower wall of the external conductor 31 

by solderin~:or another suitable means. 

The movable electrode 34 is made of a solid or hollow 

cylindrical conductor {such as copper)·· with a threaded 

outside, and is screwed into the threaded hole in the 

upper wall of the external conductor 31 coaxially with the 

fixed electrode 33. The insertion length of the movable 

electrode 34 into the hollow cylinder 32, and therefore 
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the insertion length of the movable electorde 34 into the 

fixed electrode 33 can be varied through the rotation of 

the movable electorde. 34 ~n a forward or reverse direction 

to move the movable electrode 34 forward and backward. 

The movable electorde 34 can be fixed through the lock nut 

35. 

The _input terminal 6 and the output terminal 7 

consist, for example; of coaxial :plugs, and the external 

conductor forming these coaxial plugs is connected to the 

external conductor 31. The input coupling wire 38 is 

connected at one end to the internal conductor of the 

coaxial plug 36, and at the other end to the fixed 

electrode 33. The output coupling wire 39 is connected at 

one end to the internal conductor of the coaxial plug 37, 

and at the other end to the fixed electrode 33. The 

fine-tuning element 40 is made, for examp~~, of a metal 

screw threaded into the wall of the external conductor 31, 

and is fixed through the lock nut 41. 

In the resonator constructed in this manner, a 

parallel resonator. circuit whose equivalent circuit is 

shown in Fig. 48, is formed by the distributed inductance 

of the external conductor 31 and the capacity of the 

variable resonance capacity element composed o.f the solid 

dielectric hollow cylinder 32, the fixed electrode 33, and 

the movable electrode 34. 

In Fig. 48, the symbol R represents the resonance cir-
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cuit, the symbol MGR represents the input magnetic field 

coupling coefficient, and the symbol MR? represents the 

output magnetic field coupling coefficient. 

When high-frequency power is applied, for example, to 

the coaxial plug 36, the electromagnetic field distribu­

tion in this resonator will be such that the electric 

field vector is expressed by the solid arrowed line E in 

Fig. 46, the current by the solid arrowed line I in Fig. 

46, and the magnetic field by the broken line H in Fig. 

47. 

Since inductance is relatively small, and the 

capacity is relatively large in this resonator, this 

resonator is a low impedance type with good withstand 

voltage characteristics. 

If a material with a high dielectric constant and a 

dielectric loss that is nearly zero is used as the hollow 

cylinder 32 made of a solid dielectric in the variable 

resonance capacity element, then the Q (Ou) of the 

variable resonance capacity element composed of the solid 

dielectric hollow cylinder 32, the fixed electrode 33, and 

the movable electrode 34 can be ignored. Since the 

electromagnetic energy that can be accumulated in this 

~esonator will correspond to the volume of the external 

conductor 31, and the resistance in the metal portion of 

this resonator can be kept extremely low, an extremely 

large unloaded Q can be obtained. 
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The inventor was able to obtain the following 

experimental equation (14) for the unloaded Q (Ou) of this 

resonator through the use of prototypes whose external 

conductor 31, fixed electrode 33 and movable electrode 34 

are made of copper, although the magnitude of the unloaded 

Q (Ou) will also vary with the ratio of the inductance to 

the capacity in the resonator. 

Ou~ 20 fo 1 ' 2 • SH ••• (14) 

where fo is the resonance frequency (MHz). and SH is 

the height (cm) of the external conductor 31 (cm) (see 

Fig. 46). 

Although Fig. 46 illustrates an example in which tap 

coupling by the coupling wires 38 and 39 is used as means 

f o~ coupling in high-frequency fashion the input terminal 

36 with the fixed electrode 33, and the output terminal 37 

with the fixed electrode 33, means for capacitively cou­

pling the input terminal 36 with the fixed electrode 33 

via the capacity element 42 and means for capacitively 

coupling the output terminal 37 with the fixed electrode 

33 via the capacity_element 43 may also be used, as shown 

in Fig. 49. In addition, probes 44 and 45 may be used as 

the input/output coupling means, as shown in Fig. 50, or 

loops 46 and 47 may be used as the input/output coupling 

means, as shown in Fig. 5.1. 

Figs. 49 through 51 correspond to cross sections of 

Fig. 47 viewed from below with the side wall on the bottom 
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(from the front) removed from the external conductor 31 

and hereinafter the same applies to cross sections similar 

to Figs. 49 through 51, such as Fig. 52. 

Fig. 52 is a vertical cross section of the resonator 

of the eleventh embodiment according to the present inven­

tion. 

In this embodiment, a low-pass filter circuit is 

composed of inductance elements 48 and 49 for the compen­

sation of transmission characteristics, interposed between 

the connection terminals 36 and 37 for the external 

circuit, and a capacity element 20 connected between the 

connection point of· the inductance elements 48 and 49 and 

the fixed electrode 33 forming the resonance capacity 

element. With this resonator, as shown by the transmis­

sion characteristics in Fig. 54 where the axis of abscissa 

represents the frequency and the axis of ordinate 

represents the amount of attenuation, the slope of the 

atten~ation characteristic curve in the frequency region 

lower than the resonance frequency £ 0 is steep, while the 

slope of the attenuation characteristic curve in the 

frequency region higher than the resonance frequency f o is 

gentle, and a transmission inhibition band is formed in 

the frequency region including the resonance frequency f 0 . 

Fig. 53 is an equivalent circuit diagram of the reso­

nator shown in Fig. 52. The symbol R represents a reso­

nance circuit composed of the external conductor 31 and 
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the variable resonance capacity element, and the rest of 

the symbols are the same as in Fig. 52. 

The reson_ance frequency fo of the circuit composed of 
l 

the resonance circuit R and the coupling-use capacity 

element 52 changes according to the capacity of the 

coupling-use capacity element 50, and the fine tuning of 

the resonance frequency can be performed by the provision 

of an adjustment element that is the same as the resonance 

frequency fine-tuning element 40 shown in Fig. 47. 

Fig. 55 is a vertical cross section of the resonator 

of the twelfth embodiment according to the present inven-

tion. 

This embodiment differs from the eleventh embodiment 

shown in Fig. 52 in that the coupling of the connection 

point of the inductance elements 48 and 49 with the fixed 

electrode 33 is performed by tap coupling using an induct-

ance element 51, and in that the resonance frequency fo of 

the circuit composed of the resonance circuit R and the 

coupling-use inductance element 51 changes according to 

the inductance of the inductance element 51. The rest· of 

the structure and operation is substantially the same as 

in the eleventh embodiment shown in Fig. 52. 

Fig. 56 is an equivalent circuit diagram of the 

resonator shown in Fig. SS. Except for the inductance 

element 51, all of the symbols are the same as in Fig. 53. 

Fig. S7 where the asix of abscissa and the axis of 
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ordinate are the same as in Fig. 54, is a diagram 

illustrating the transmission characteristics of the 

resonator shown in Fig. 55, which is substantially the 

same as the characteristics shown in Fig. 54. 

Fig. 58 is a vertical cross section of the resonator 

of the thirteenth embodiment according to the present 

invention. This embodiment differs from the eleventh 

embodiment shown in Fig. 52 in that the inductance 

elements 48 and 49 used in the eleventh embodiment shown 

in Fig. 52 are replaced with capacity elements 52 and 53. 

The rest of the structure is the same as in the eleventh 

embodiment shown in Fig. 52. 

Fig. 59 is an equivalent circuit diagram of the 

resonator shown in Fig. 58. Except for the capacity 

elements 52 and 53, all of the symbols are the same as in 

Fig. 53. 

Fig. 60 where the axis of abscissa and the axis of 

ordinate are the same as in Fig. 54, is a diagram illus­

trating the transmission characteristics of the resonator 

shown in Fig. 58. In this embodiment, the slope of the 

attenuation characteristic curve in the frequency region 

lower than the resonance frequency f 0 is gentle, while the 

slope of the attenuation characteristic curve in the 

frequency region higher than the resonance. frequency f o is 

steep·, and a transmission inhibition band is. formed in the 

frequency region including the resonance frequency £ 0 . 
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Fig. 61 is a vertical cross section of the resonator 

of the fourteenth embodiment according to the present 

invention. 

This embodiment is the same as the embodiment shown 

in Fig. SB in that the capacity elements 52 and 53 are 

used as transmission characteristic compensation elements, 

and is the same as the twelfth embodiment shown in Fig. 55 

in that the coupling element is formed such that tap 

coupling will be performed using the inductance element 

51. The rest of the structure is the same as in the 

thirteenth embodiment shown in Fig. 58. 

Fig. 62 is an equivalent circuit diagram of· the 

resonator shown in· Fig. 61. Except for the inductance 

element 51, all of the symbols are the s·ame as in Fig. 59. 

Fig. 63 where the axis of abscissa and the axis of 

ordinate· are the same as in Fig. 60, is a diagram illus-· 

trating the transmission characteristics of the resonator 

shown in Fig. 61, which is substantially the same as the. 

characteristics shown in Fig. 60. 

Figs. 64 through 67 are cross sections illustrating 

the fifteenth through eighteenth embodiments according to 

the present invention. The resonator shown in Fig. 64 has 

~ probe 44 in place of the coupling element 50 in the 

embodiment shown in Fig. 52; the resonator shown in Fig. 

65 has a loop 46 in place of the coupling element 50 in 

the embodiment shown in Fig. 52; the resonator shown in 
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Fig. 66 has a probe 44 in place 9f the coupling element 50 

in the embodiment shown in Fig. 58 ; and the resonator 

shown in Fig. 67 has a loop 46 in place of the coupling 

element 50 in the embodiment shown in Fig. 58. The rest 

of the structure in the respective Figs. is the same as 

the structure in Fig. 52 or 58. 

Fig. 68 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 46, and Fig. 

\ ...... ./ 69 is a horizontal cross section thereof. 

This filter comprises an external conductor 31C, 

fixed electrodes 331 through 334 which are the same as the 

fixed electrode 33 shown in Fig. 46, variable electrodes 

. 341 through 344 that make up the variable resonance capac­

ity element along with the fixed electrodes 331 through 

334 and are the same as the movable electrode 34 shown in 

Fig. 46, lock nuts 351 through 354 which are used to fix 

the variable electrodes 341 through 344 , an input terminal 

36, an output terminal 37, an input coupling wire 38, an 

output coupling wire 39, resonance frequency fine-tuning 

elements 401 through 404 , and lock nuts 411 through 414 

that are used to fix the fine-tuning elements 401 through 

404. 

Fig. 70 is an equivalent circuit diagram of the 

filter shown in Figs. 68 and 69. Symbols R1 through R4 

represent resonance circuits, the symbol M61 represents 

the input magnetiG field coupling coefficient, the symbol 
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M47 represents the output magnetic field coupling 

coefficient, and symbols x12 through M34 represent the 

interstage magnetic field coupling coefficients. 

Fig. 71 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown. in Fig. 70, and the 

symbols are the same as in Fig. 70. 

Although Figs. 68 through 71 illustrate an example in 

which the input/output coupling elements is made of the 

-.._,,. tap coupling wires 38 and 39, a capacity coupling element 

composed of the capacitors 42 and 43 or the probes 44 and 

45 or a magnetic fi.eld coupling element composed of the 

loops 46 and 47 . may also be used to implement the present 

invention, as shown in Figs. 49 through 51. 

The band-pass filter shown in Fig. 68 through 71 can 

be designed in the same manner as the band-pass filter 

shown in Figs. 33 through 36. 

Fig. 72 is a diagram illustrating an example of the 

relation between the interstage magnetic field coupling 

coefficient and the center spacing of adjacent resonance 

capacity elements, obtained as a result of repeated exper­

imentation with prototypes by the inventor. The axis of 

abscissa represents (d - 0.3C)/W where d is the center 

spacing of adjacent resonance capacity elements (see Fig. 

68), C is the external diameter of the fixed electrodes 

331 through 334 ~hat form the variable resonance capacity 

element (see Fig. 68), andW is the width of the external 
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conductor 31C (see Fig. 69). The axis of ordinate 

represents the interstage magnetic field coupling 

coefficient Mk, k+l· 

-The transmission loss L of the band-pass filter shown 

in Figs. 68 through 71 is expressed by equation (13). 

An example of the transmission characteristics of the 

filter shown in Figs. 68 through 71 is shown in Fig. 40. 

Fig. 73 is a vertical cross section of a band-pass 

. filter in which the interstage coupling consi·sts of 

capacitive coupling. 

This filter comprises an external conductor 31C, 

fixed electrodes 331 through 334 , lock nuts 351 through 

354 , an input terminal 36, an output terminal 37, an input 

coupling capacity.element 5461 , interstage coupling capac­

ity elements 5412 through 5434 , and an output coupling. 

capacity element 5447 · 

Fig. 74 is an equivalent circuit diagram of the 

band-pass filter shown in Fig. 73. Symbols R1 through R4 

represent resonance circuits, the reference numeral 5461 

represents the input coupling capacity, the reference 

. numera·ls 5412 through 5434 represent the interstage 

coupling capacity, and the reference numeral 5447 

represents the output coupling capacity. 

Fig. 75 is a converted equivalent circuit diagram of 

the equivalent circuit diagram shown in Fig. 74, and the 

symbols are the same as in Fig. 74. 



- 62 -

Although Fig. 73 shows an example in which the 

input/output coupling elements are made of capacity 

elements, tap coupling wires, probes, loops, or other such 

high-frequency coupling means may also be used. 

An example of the transmission characteristics of the 

band-pass filter shown in Fig. 73 is shown in Fig. 40. 

Fig. 76 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 52. Fig. 77 

is ·a right sicie view of Fig. 76. 

This filter comprises an external conductor 31C, 

partition walls 31S1 through 31S3 ·made of conductor 

plates, fixed electrodes 331 through 334 , movable· 

electrodes 341 through 344 , lock nuts 351 through 354 that 

are used to fix the movable electrodes 341 through 344 , 

external circuit connection terminals 36 and 37; 

inductance elements 481 through 48 4 and 49 1 through 49 4 

for the compensation of transmission characteristics, and 

coupl~ng capacity elements 501 through so4 • 

Fig. 78 is an equivalent circuit diagram of the 

filter shown in Fig. 76. S~ols R1 through R4 represent 

resonance circuits comp:r;-ising a common external conductor 

31C and variable resonance capacity elements composed of 

fixed electrode 331 throug~ 334 and movable electrodes 341 

through 344 ; the reference numerals 481 , 4981 through 

498], and 494 represent inductance elements for the 

compensation of transmission characteristics; the 
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reference numeral 4981 represents a synthetic inductance 

element of the inductance elements 49 1 and 48 2 shown in 

Fig. 75, the reference numeral 498 2 represents a synthetic 

inductance element of the inductance elements 49 2 and 483 , 

the reference numeral.498 3 represents a synthetic 

inductance element of the inductance elements 49 3 and 484 , 

and t~e reference numerals 501 through 504 represent 

coupling-use capacity elements. 

· The transmission characteristics of the filter shown 

in Fig. 76 is the superimposition of the transmission 

characteristics of the resonators at all stages composing 

this filter, that is, the superimposition of the transmis-

sion characteristics substantially the same as the 

transmission characteristics shown in Fig. 54. The 

resonance frequencies (fo in Fig. 54) of all stages 

composed of a resonator and a coupling-use capacity 

element are represented by f 01 through £ 04 , respectively. 

Suitable adjustment of these resonance frequencies such 

that they approach each other, for instance, allows a 
' 

region of inhibition with a large amount of attenuation to 

be realized,· while adjustment of these resonance 

frequencies f 01 through f 0 4 to adequately separated values 

allows a region of inhibition with a wide range of 

frequency to be realized. 

Fig. 79 is an equivalent circuit diagram of a filter 

constructed using the filter shown in Fig. 55. Reference 
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\ 

numerals 511 through 514 represent tap coupling-use 

inductance elements, and the rest of the symbols are the 

same as in Fig. 78. 

The transmission char~cteristics of this filter 

expressed by the equivalent circuit shown in Fig. 79, is 

the superimposition of the transmission characteristics of 

the resonators at all stages composing this filter, that 

is, the superimposition of the transmission characteris­

tics substantially the same as the transmission character­

isticp shown in Fig. 57. Suitable adjustment of resonance 

frequency at each stage allows the frequency range and the 

amount of attenuation in the synthesis inhibition region 

to be suitably.adjusted. 

Fig. 80 is a vertical cross section of a filter 

constructed using the resonator shown .in Fig. 61. 

This filter comprises .an external conductor 31C, 

partition walls 31S1 through 31S3 made of conductor 

\....._,,· plates, fixed electrodes 331 through 334 , movable 

electrodes 341 through 344 , external circuit connection 

terminals 36 and 37, inductance elements 521 through 524 

and 5~1 through 534 for the compensation of transmission 

characteristics and tap coupling inductance elements -511 

.through 514. 

Fig. 81 is an equivalent circuit diagram of the 

filter shown in Fig. 80. Symbols R1 through R4 represent 

resonance circuits, the reference numerals 5211 , 5321 
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through 5323 , and 534 represent capacity elements for the 

compensation of transmission characteristics; the 

reference numeral 5321 represents a synthetic capacity 

element of the capacity elements 531 and 522 in Fig. 80; 

the reference numeral 5322 represents a synthetic capacity 

element of the capacity elements 532 and 533 ; the 

reference numeral 5_323 represents a synthetic capacity 

element of the capacity elements:· 533 and 524 ; and the 

reference numerals 511 through 514 represent inductance 

elements for tap coupling. 

The transmission characteristics of the filter shown 

in Fig. BO is the superimposition of the transmission 

characteristics of the resonators at all stages composing 

this filter, that is, the superimposition of the transmis­

sion characteristics substantially the same as the 

transmission characteristics shown in Fig. 63. Suitable 

adjustment of resonance frequency at each .stage allows the 

frequency range and the amount of attenuation in the 

synthesis inhibition region to be suitably adjusted. 

Fig. B2 is an equivalent circuit diagram of a filter 

constructed using the resonator shown in Fig. 58. 

Reference numerals 201 through 20 4 represent coupling-use 

capacity elements, and the rest of the symbols are the 

same as in Fig .. Bl. 

The transmission characteristics of the filter 

expressed by the equivalent circuit shown in Fig. 82, is 
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the superimposition of the transmission characteristics of 

the resonators at all the stages composing thi~ filter, 

that is, the superimposition of the transmission 

characteristics substantially the same as the transmission 

characteristics shown in· Fig. 60. Suitable adjustment of 

the resonance frequency at each stage allows the frequency 

range and the amount of attenuation in the synthesis 

inhibition region to be suitably adjusted. 

Although Figs. 68 through 82 illustrate examples in 

which four variable resonance capacity elements are 

provided, that is, when the order n of the circuit is 4, 

the present invention can also be implemented when the 

order n of the circuit is suitably increased or decreased. 

Although the filters shown in Figs. 68 through 82 are 

Combline-type filters, the present invention can also be 

applied to interdigital filters. 

Fig. 83 is a vertical cross section of the resonator 

of the nineteenth embodiment according to the present 

invention, and Fig. 84 is a horizontal cross section 

thereof. 

The resonator of this embodiment comprises a cubic 

external conductor 61; a fixed electrode 62 made of a 

hollow cylindrical conductor, a movable electrode 63; a 

lock nut 64 that is used to fix the movable electrode 63; 

an input terminal 65; an output terminal 66; an input 

coupling loop 67; an output coupling loop 68; a resonance 
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frequency fine-tuning element 69; and a lock nut 70 that 

is used to fix the fine-tuning element 69. The external 

conductor 61 may also be a bottomed cylinder. 

The lower end of the fixed electrode 62 is fixed to 

the lower wall of the external conductor 61, and the upper 

end faces the upper wall of the external conductor 61 a 

suitable distance away. The lower end of the fixed 

electrode 62 is fixed, for example, by screwing a flange 

that is integrally attached to the lower end of the fixed 

electrode 62 to the lower wall of the external conductor 

61. The movable electrode 63 is made of a ·solid or hollow 

cylindrical conductor (such as copper) with a threaded 

outs.ide, and· i.s screwed into the threaded hole formed in 

the upper wall of the external conductor 61 coaxially with 

the fixed electrode 62. The insertion length of the 

movable electrode 63 into the holow cylinder 62, can be 

varied through the rotation of the movable electrode 62 in 

a forward or reverse direction to move the movable elec­

trode 63 forward or backward. The input terminal 65 and 

the output terminal 66 i_s made, for example, of coaxial 

plugs, and the external conductor that forms these coaxial 

plugs is connected to the external conductor 61. The 

fine-tuning element 69 is made, for example, of a metal 

screw threaded into the wall of the external conductor 61. 

With a resonator constructed in this manner, a 

parallel resonator circuit whose equivalent circuit is 
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shown.in Fig. 85, is formed by the distributed inductance 

in the external conductor 61 and the capacity in the 

variable resonance capacity element composed of the fixed 

electrode 62 and the movable electrode 63. 

In Fig. 85, the symbol R represents the resonance 

circuit, the symbol M5R represents the input magnetic 

field coupling coefficient, and the symbol MRG represents 

the output magnetic field coupling coefficient. 

When high-frequency power is applied, for example, to 

the input terminal 65, the electromagnetic field distribu­

tion in this resonator will be such that the electric 

field vector is expressed by the solid arrowed line E in 

Fig. 83, the current by the solid arrowed line I, and the 

magnetic field by the broken line Hin Fig. 84. 

Since the inductance is relatively small, and the 

capacity is relatively large in this resonator, this 

resonator is a low impedance type with good withstand 

voltage characteristics. In addition, the electromagnetic 

energy that can.be accumulated in this resonator will 

correspond to the volume of the external conductor 61, and 

the resistance in the metal portion of this resonator can 

be kept extremely low, so that an extremely large unloaded 

Q can be obtained. 

The inventor was able to obtain the following experimental 

equation (15) for the unloaded Q (Qu) through the use of 

prototypes whose external conductor 61, the fixed 
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electrode 62, and the movable. electrode 63 of this 

resonator are made of copper, although the magnitude of 

the unloaded Q (Qu) will vary with the ratio of inductance 

to the capacity of the resonator. 

• • • ( 15) 

where fo is the resonance frequency (MHz) and SH is 

the height (cm) of the external conductor 61 (see Fig. 

83) . 

Although Fig. 83 illustrates an example in which a 

resonance frequency fine-tuning element 69 and a lock nut 

70 are provided, the present invention can also be 

implemented with these components omitted. Also, Fig. 83 

illustrates an example in which loops 67 and 68 are 

provided as means for coupling in high-frequency fashion 

the input terminal 65 with the fixed electrode 62 and the 

output terminal 66 with the fixed electrode 62, means for 
·' 

capacitively coupling the input terminal 65 with the fixed 

\_.,· electrode 62 via the capacity element 71 and means for 

capacitively coupling the.output terminal 66 with the 

fixed electrode 62 via the capacity element 72 may also be 

used, as shown in Fig. 86. In addition, probes 73 and 74 

may be used as the input/output coupling means, as shown 

in Fig. 87, or tap coupling may be performed using cou­

pling wires 75 and 76 as the input/output coupling means, 

as shown in Fig. 88. 

Figs. 86 through BB are the cross sections of Fig. 
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84, omitting the lower side wall of the external conductor 

61. 

Those symbols and structure not discussed in the 

explanation of·Figs. 86 through 88 are the same as in 

Fig. 83. 

Fig. 89.is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 83, and Fig. 

90 is a horizontal cross section thereof. 

~his filter comprises an external conductor 61C, 

fixed electrodes 621 through 624 , movable electrodes 631 

through 634 , lock nuts 641 through 644 that are used to 

fix the movable electrodes 631 through 634 , an input 

terminal 65, an output terminal 66, an input coupling loop 

67, and an.output coupling loop 68. 

Fig. 91 is an equivalent circuit diagram of. the 

filter shown in Figs. 89 ·and 90. Symbols R1 through R4 

represent resonance circuits, the symbol M51 represents 

the input magnetic field coupling coefficient, the symbol 

M46 represents the output magnetic field coupling 

coefficient, and symbols M12 through M34 represent the 

interstage magnetic field coupling coefficients. 

Fig. 92 is a converted equivalent circuit diagram 

of the equivalent circuit diagram shown in Fig. 91, and 

the symbols are the same as in Fig. 91. 

The band-pass fiiter shown in Figs. 89 through 92 can 

be designed in the same manner as the band-pass filter 
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shown in Figs. 33 through 36. 

Fig. 93 illustrates an example of the relation 

between the interstage magnetic field coupling coefficient 

and the center spacing of adjacent resonance capacity 

elements, obtained as a result of repeated experimentation 

with prototypes by the inventor. The axis of abscissa 

represents (d·- 0.3C)/W where dis the center spacing of 

adjacent resonance capacity elements (see Fig. 90), C is 

the external diameter of each of the fixed electrodes 21 

through 24 that form the variable resonance capacity 

element (see Fig.. 89 )", and W is the width of the common 

shield case 61C (see Fig. 90). The axis of ordinate 

represents the interstage magnetic field coupling coeff i-

cierit Mk, k+l· 

The transmission loss L of the band-pass filter shown 

in Figs. 89 through 92 is expressed by equation (13). 

Fig. 94 is a diagram illustrating an example of the 

transmission characteristics over the wide band of the 

filter shown in Figs. 89 through 92. ·The axis of abscissa 

represents the frequency (MHz), with graduations of 300 

MHz and a resonance frequency fo of 565 MHz, while the 

axis of ordinate represents the amount of attenuation 

(dB), with graduations of 10 dB. 

Fig. 95 is an enlarged transmission characteristics 

diagram near the resonance frequency fo in Fig. 94. The 

axis of abscissa represents the frequency (MHz), with 
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graduations of 5 MHz, while the axis of ordinate 

represents the amount of attenuation (dB), with 

graduations of 5 dB. 

Asshown in Fig. 94, the harmonic components of the 

·resonance frequency fo are greatly attenua_ted, since this 

characteristic is also a characteristic of the resonators 

composing this filter, the resonator shown in Fig. 83 will 

have substantially the same characteristics as a lumped 

constant type of resonator composed of a coil and a capac­

itor, which are lumped-constant circuit elements. 

The irregular waveform present near an attenuation of 

-80 dB to -100 dB in Fig. 94 is believed to be noise 

admixed in the measurement device circuit. 

Although the filter shown in Figs. 89 through 92 is 

constructed such that the required electrical characteris­

tics will. be obtained by setting the center spacing of the 

variable resonance capacity elements according to the 

required interstage magnetic field coupling coefficient, 

the required electrical characteristics can also be 

obtained by arranging the variable resonance capacity 

elements at a suitable fixed interval and interposing 

conventional interstage magnetic field coupling adjustment 

elements between adjacent variable resonance capacity 

elements. 

Fig. 96 is a vertical cross section illustrating an 

example.of the above, and Fig. 97 is a horizontal cross 
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section of the same. In these Figs., reference numerals 

7711 through 1132 represent conventional interstage 

magnetic field coupling adjustment elements made of round 

or square rod-shaped or ribbon-shaped conductors. The 

axial direction of the interstage magnetic field coupling 

adjustment elements 7711 through 77 32 between adjacent 

fixed electrodes 621 and 622 , 622 and 62 3 , and 623 and 624 

is parallel to the axial direction of the fixed electrodes 

621 through 624 , and the both ends of each of the 

interstage magnetic field coupling adjustment elements 

7711 through 1132 are electrically and mechanically 

connected to the upper and lower walls of the common 

shield case 61C. 

The interstage magnetic field coupling coefficient 

can be adjusted to the required value by forming each of 

the interstage magnetic field coupling adjustment .elements 

7711 through 7732 in a suitable thickness, or by suitably 

\..._.,t· increasing or decreasing the number of interstage magnetic 

field coupling adjustment elements interpos·ed between the 

adjacent variable resonance capacity elements. 

Fig. 98 is also a vertical cross section of a filter 

constructed such that the interstage magnetic field 

coupling coefficient is adjusted by means of interstage 

magnetic field coupling adjustment elements, and Fig. 99 

is a horizontal cross section thereof. In these Figs., 

reference numerals 781 through 783 represent conventional 
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interstage magnetic field coupling adjustment elements in 

the shape of a plate. Each plate is at a right angle to 

the lengthwise direction of the common shield case 61C 

between adjacent fixed electrodes 621 and 622 , 622 and 

623 , and 623 and 624 , each edge of the plate is electri­

cally connected to the upper and lower walls and both side 

walls of the common shield case 61C, and a magnetic field 

coupling hole is formed in each plate. 

The interstage magnetic field coupling coefficient 

can be suitably adjusted according to the surface area of 

the magnetic field coupling holes formed in the interstage 

magnetic field coupling adjustment elements 781 through 

783. 

The rest of the structure in Figs. 96 through 99 is 

the same as in Figs. 89 and 90. 

Fig. 100 is a vertical cross section of another 

example of ·a filter constructed using the resonator shown 

v in Fig. 83. 

This filter comprises an external conductor 61C, 

fixed electrodes 621 through 624 , movable electrodes 631 

through 634 , lock nuts 641 through 644 that are used to 

fix the movable electrodes 631 through 63 4 , an input 

terminal 65, and output terminal 66, an input coupling-use 

probe 73, an output coupling-use probe 74, partition walls 

791 through 79 3 -made of conductor plates, capacity 

formation electrodes so11 through ao 32 , ·and connection 
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conductors 811 through 81 3 . 

The connect.ion conductors 811 through 813 are 

inserted through and fixed to the partition walls 79 1 

through 793 while ma_intaining insulation between connec­

tion conductors 81 1 through 81 3 and the partition walls 

79 1 through 79 3 . The connection conductor 811 connects 

.the electrodes 8011 with the electrode eo12 , and capaci­

tively coup~es the resonator including the fixed electrode 

621 with the resonator including the fixed electrode 622 . 

The other resonators are similarly coupled. 

Fig. 101 is also-a vertical cross section of a filter 

in which the neighbouring stages are coupled by capacitive 

coupling. 

With. this filter, capacity formation electrodes 021 · 

through 823 having U-shaped cross sections, and rotary 

support shafts 831 through 83 3 that are rotatably attached 

to the upper wall of the common shield case 61C maintain-

'\......./ ing insulation between the support shafts 831 through 833 

and the upper wall of the common shield case 61C, are 

provided in place of the partition walls 791 through 793 , 

the capacity formation electrodes 8011 through 0032 , and 

the connection conductors 811 through 813 of the filter in 

Fig. 100. When the support shaft 83i is rotated, the 

electrode 821 supported by this support shaft 83 1 also 

rotates, thereby changing the interstage coupling capacity 

coefficient. The other neighbouring stages are similarly 
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coupled. 

Although the filters in the embodiments shown in 

Figs. 89, 90, and 96 th.rough 101 are examples of cases in 

which the order of the circuit is 4, the present invention 

can also be implemented with this order suitably increased 

or decreased. 

In addition, although above embodiment_s are for cases 

of a Combline-type filter, the present invention can also 

be implemented for interdigital filters. 

In the filters shown in Figs. 89, 90, and 96 through 

101, any one of the input/output coupling elements in the 

resonators shown in Figs. 83 and 86 through 88 as the 

input/output coupling elements. 

The resonators. shown in Figs. 83 and 86 through 88 

can be operated as a band elimination filter by connecting 

one of the terminals to an external circuit using one of 

the methods shown in Figs. 52, 55, 58, 61, 64 through 67, 

and so on. 

A band elimination filter of which the elimination 

band width, the amount of attenuation, etc., can be set 

and changed at will can be constructed by replacing the 

various variable capacity elements in Figs. 76 through 82 

with the v~riable capacity element in Fig. 83. 

Fig. 102 is a vertical cross section of the resonator 

of the twentieth embodiment according to the present 

invention, and Fig. 103 is a horizontal cross section 
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thereof. 

The resonator in this embodiment comprises a cubic 

external conductor 91; a solid dielectric hollow cylinder 

92 made of ceramic; a variable resqnance capacity element 

composed of fixed electrodes 93A and 93B, and a movable 

electrode 94; a fixing member 93C that is used to fix the 

fixed electrode 93A, a fixing member 93D that is used to 

fix the fixed electrode 93B, a lock nut 95 that is used to 

fix the movable electrode 94; an input terminal 96; an 

output terminal 97; an input coupling wire 98; an output 

coupling wire 99; a resonance frequency fine-tuning 

element 100; and a lock nut 101. The external conductor 

91 may also be a bottomed cy_linder. 

The upper and lower ends of the hollow cylinder 92 

are a suitable distance apart from, and face the upper and 

lower walls, respectively, of the external conductor 91. 

The fixed electrode 93A, 93B are made of a metal thin 

layer such as silver that is bonded·around the inside and 

outside, respectively, of the hollow cylinder 92. The 

upper end of the fixed electrode 93A is soldered to the 

inner side ·of the conductive fixing member 93C, which is 

in the form of a flanged hollow cylinder, and the flange 

of the fixing member 93C is fixed by a screw to the upper 

wall of the external conductor 91. The lower end of the 

fixed electrode 93B is attached in elastic contact with 

the upper portion of the conductive fixing member 93D 
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whose upper portion is provided with a plurality of slits 

to achieve elasticity and which is in the form of a 

bottomed hollow cylinder. This fixing member 93D is fixed 

to the lower wall of the external conductor 91 by a screw, 

using the threaded hole formed in the bottom of itself. 

The movable electrode 94 made of a solid or hollow 

cylindrical conductor (such as copper) threaded around its 

outside, and is screwed into the threaded hole formed in 

the upper wall of the external conductor 91 cqaxially with 

the fixed electrodes 93A and 93B. The insertion length of 

the movable electrode 94 into the hollow cylinder 92, and 

therefore the insertion length of the movable electrode 94 

into the fixed electrode 93B can be varied by the rotation 

of the movable electrode 94 in a forward or reverse direc­

tion to move the movable electrode 94 forward or backward. 

The movable electrode 94 is fixed by the lock nut 95. 

The input terminal 96 and the output terminal 97 · 

\...._/ consist, for example, of coaxial plugs, and the external 

conductor that forms these coaxial plugs is connected to 

the external conductor 91. The input coupling wire 98 is 

connected at one end to the internal conductor of the 

coaxial plug 96, and at the other end to the fixed elec­

trode 93A. The output coupling ·wire 99 is connected _at 

one end to the internal conductor of the coaxial plug 97, 

and at the other end to the fixed electrode 93A. The 

fine-tuning element 100 is made of a metal screw threaded 
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into the wall of the external conductor 91, and is fixed 

by a lock nut 101. 

With a resonator constructed in this manner, a 

parallel resonance circuit whose equivalent circuit is 

shown in Fig. 104, is formed by the distributed inductance 

of the external conductor 91 and the capacity of the 

variable resonance. capacity element composed of the solid 

dielectric hollow cylinder 92, the fixed electrodes 93A 

and 93B, and the movable electrode 94. 

In Fig. 104, the symbol R represents the resonance 

circuit, the symbol MGR represents the input magnetic 

field coupling coefficient, and the symbol MR7 represents 

the output magnetic field coupling coefficient. 

When high-frequency power is applied, for example, to 

the coaxial plug 96, the electromagnetic field distribu­

tion in this resonator will be such that the electric 

field vector is expressed by the solid arrowed line E in 

\ ... ) Fig. 102, the current by the solid arrowed line I in Fig. 

102, and the magnetic field by the broken line H in Fig. 

103. 

Since inductance is relatively small, and the 

capacitance is relatively large in this resonator, this 

resonator is a low impedance type with good withstand 

voltage characteristics. 

If a ceramic with a high dielectric constant and a 

dielectric loss that is nearly zero is used as the hollow 
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cylinder 92 made of a solid dielectric in the variable 

resonance capacity element, then the O (Ou) of the 

variable resonance capacity element consisting of the 

solid dielectric hollow cylinqer 92, the fixed electrodes 

93A and 93B, and the movable electrode 94 can be ignored. 

In addition, the electronic energy that can be accumulated 

in this resonator will correspond to the volume of the 

external conductor 91, and the resistance in the metal 

portion of this resonator can be kept extremely low, so 

:that an extremely large unloaded O can be obtained. 

The inventor was able to obtain the following experi­

mental equation (16) for the unloaded O (Ou) through the 

use of prototypes whose external conductor 91, fixed 

electrodes 93A and 93B, and movable electrode 94 are made 

of copper, although the magnitude of the unloaded O (Ou) 

will vary with the ratio of the inductance to the capaci­

tance of the resonator. 

0 Ou ~ 20 fa~ • SH • • • ( 16) 

where fo is the resonance frequency (MHz) and SH is 

the· height (cm) of the external conductor 91 (cm) (see 

Fig. 102). 

Although Fig. 102illustrates an example of a case in 

which tap coupling by the coupling wires 98 and 99 is used 

as means for coupling in high-frequency fashion the input 

terminal 96 with the fixed electrode 93A, and the output 

terminal 97 with the fixed electrode 93A, means for 
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capacitively coupling the input terminal 96 with the fixed 

electrode 93A via the capacity element 102 and means for 

capacitively coupling the output terminal 97 with the 

fixed electrode 93A via the capacity element 103 may also 

be used, as shown in Fig. 105, or probes 104 and 105 may 

be used as the input/output coupling means, as shown in 

Fig. 106. In addition, loops 106 and 107 may be used as 

the input/output coupling means, as shown in Fig. 107. 

Figs. 105 through 107 correspond to the cross section 

of Fig. 103 viewed. from below, omitting the lower side 

wall of external conductor 91, and hereinafter the same 

applies to Fig. 108 similar to Figs. 105 through 107. 

The structure not discussed in the explanation of 

Figs. 105 through 107 are the same as in Fig. 102. 

Fig. 108 i.s a vertical cross· section of the resonator 

of the twenty-first embodiment according to the present 

invention. 

v In this embodiment, a low-pass filter circuit is 

formed by inductance elements 108 and 109 for the compen-

sation of .transmission characteristics, interposed between 

the connection terminals 96 and 97 with the ·external 

circuit, and a capacity element 110 connected between the 

fixed electrode 93A that forms the resonance capacity 

element and the connection point of the inductance 

elements 108 and 109. With this resonator, as shown by 

the transmission characteristics in Fig. 110 where the 
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axis of abscissa represents the frequency and the axis of 

ordinate represents the amount of attenuation, the slope 

of the attenuation characteristic curve in the frequency 

region.lower than the resonance frequency fa is steep, 

while the slope of the attenuation characteristic curve in 

the frequency region higher than the resonance frequency 

fa is gentle, and a transmission inhibition band is formed 

in the frequency region including the resonance frequency 

fa· 

Fig. 109 is an equivalent circuit diagram of the 

resonator shown in Fig. 108. The symbol R represents the 

resonance circuit composed of the external conductor 91 

and the variable resonance capacity element, and the rest 

of the symbols are the same as in Fig. 108. 

The resonance frequency f 0 of the circuit composed of 

the resonance circuit R and the coupl_ing-use capacity 

eleme~t 112 changes according to the capacitance of the 

\....,,- coupling-use capacity element 110, and the fine tuning of 

the resonance frequency can be performed by the provision 

of an adjustment element similar to the resonance frequen­

cy fine-tuning element 100 shown in Fig. 103. 

Fig. 111 is a vertical cross section of the resonator 

of the twenty-second embodiment according to the present 

invention. 

This embodiment differs from the twenty-first 

embodiment shown in Fig. 108 in that the coupling of the 
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connection point of the inductance elements 108 and 109 

with the fixed electrode 93A is performed by tap coupling 

using an inductance element 111, and in that the resonance 

frequency f o of the circuit composed of the resonance 

circuit R and the coupling-use inductance element 111 

chang~s according to the inductance of the inductance 

element 111. The rest of the structure and operation is 

substantially the same as in the twenty-first embodiment 

shown in Fig. 108. 

Fig. 112 is an equivalent circuit diagram of the 

resonator shown in Fig. 111. Except for the inductance 

ele~ent 111, all of the symbols are the same as in Fig. 

109. 

Fig. 113 where the axis of abscissa and the. axis of 

ordinate are the same as in Fig. 110, is a diagram illus­

trating the transmission characteristics of the resonator 

shown in Fig. 111, which is substantially the same as the 

characteristics shown in Fig. 110. 

Fig. 114 is a vertical cross section of the resonator 

of the twenty-third embodiment according to the present 

invention. This embodiment differs from the twenty-first 

embodiment shown in Fig. 108 in that the inductance ele­

ments 108 and 109 used in the twenty-first embodiment 

shown in Fig. 108 are replaced with capacity elements 112 

and 113. The rest of the structure is the same as in the 

twenty-first embodiment shown in Fig. 108. 
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Fig. 115 is an equivalent circuit diagram of the 

resonator shown in Fig. 114. Except for the capacity 

elements 112 and 113, all of the symbols are the same as 

in Fig. 109. 

Fig. 116 where the axis of abscissa and the axis of 

ordinate are the same as in Fig. 110, is a diagram illus­

trating the. transmission characteristics of the resonator 

shown in Fig. 114. In this embodiment, the slope of the 

attenuation characteristic curve in the frequency region 

lower than the resonance frequency f 0 is gentle, while the 

slope of the attenuation characteristic curve in the 

frequency region higher than the resonance frequency f 0 is 

steep, and a transmission inhibition.band is formed in the 

frequency region including the resonance frequency £ 0 . 

Fig .. 117 is a vertical cross section of the resonator 

of the twenty-fourth embodiment according to the present 

invention. 

This embodiment is the same as the twenty-third 

embodiment shown in Fig. 115 in that the capacity elements 

112 and 113 are used as transmission characteristic 

compensation elements, and is the same as_ the twenty­

second embodiment shown in Fig. 111 in that tap coupling 

is performed using the inductance element 111 as a 

coupling element. The rest of the structure is the same 

as in the twenty-third embodiment shown in Fig. 114. 

Fig. 118 is an equivalent circuit diagram of the 
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resonator shown in Fig. 117. Except for the inductance 

element 111, all of the symbols are the same as in Fig~ 

115. 

Fig. 119 where the axis of abscissa and the axis of 

ordinate are the same as in· Fig. 116, is a diagram illus­

trating the transmission characteristics of the resonator 

shown in Fig. 117, which is substantially the same as the 

characteristics shown in Fig. 116. 

Figs. 120 thro~gh 123 are cross sections .illustrating 

the twenty-f.if th through twenty-eighth embodiments of the 

present invention. The resonator in Fig. 120 has a probe 

104 in place of the coupling element 110 shown in Fig. 

108~ the resonator in Fig. 121 has a loop 106 in place of 

the coupling element 110 shown in Fig. 108; the resonator 

in Fig. 122 has a probe 104 in place of the coupling 

element 110 shown in Fig. 114; and the resonator in Fig. 

123 has a loop 106 in place of the coupling element 110 

''-./ shown in Fig. 114. The rest of the structure in the 

respective figs. _are the same as the structure in Fig. 108 

or 114. 

Fig. 124 is a vertical cross section of a filter 

constructed using the resonator shown in Fig. 102, and 

Fig. 125 is a horizontal cross section thereof. 

This filter comprises an external conductor 91C; 

fixed electrodes 93A1 through 93A4 and 93B1 through 93B4 

similar to the fixed electrodes 93A and 93B shown in Fig. 
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102; solid dielectric hollow cylinders 921 through 924 

similar to the solid dielectric hollow cylinder 92 shown 

in Fig. 102; fixing members 93C1 through 93c4 that are 

used to "fix the fixed electrodes 93A1 through 93A4 ; fixing 

members 93D1 through 93D4 that are used t? fix the fixed 

electrodes 93B1 through 93B4 ; variable electrodes 941 

through 944 that make up the variable resonance capacity 

element along with the fixed electrodes 93A1 through 93A4 

and 93B1 through 93B4 and are similar to the movable 

electrode 94 shown in Fig. 102; lock nuts 951 through 954 

that are used to fix the variable electrodes 941 through 

944 ; an input terminal 96; an output terminal 97; an input 

coupling wire 98; an output coupling wire 99; resonance 

frequency fine-tuning elements 1001 through 1004 ; and lock 

nuts 1011 through 1014 that are used to fix the fine­

tuning elements 1001 through 1004 .. 

Fig. 126 is an equivalent circuit diagram of the 

\....._.,,· filter shown in Figs. 124 and 125. Symbols R1 through R4 

represent resonance circuits, the symbol M61 represents 

the input magnetic field coupling coefficient, the symbol 

M47 represents the output magnetic field coupling 

coefficient, and symbols M12 through M34 represent the 

interstage magnetic field coupling coefficients. 

Fig. 127 is a converted equivalent circuit diagram 

of the equivalent circuit diagram shown in Fig. 126, and 

the symbols are the same as in Fig. 126. 



---------------------·-··--···-··-···--·-· .. ·-··· .... -- ----------------~· 

- 87 -

Although Figs. 124 through 127 illustrate a case in 

which· the input/output coupling elements are made of the 

tap coupling wires 98 and 99, a capacity coupling element 

made of the capacito+s 102 and 103 or the probes 104 and 

105 or a magnetic field coupling element made of the loops 

106 and 107 shown in Figs. 105 through 107 may also be 

used to implement the present invention. 

The band-pass filter shoW!l in Figs. 124 through 127 

can be designed in the same manner as the band-pass filter 

shown in Figs. 33 through 36. 

Fig. 128 illustrates an example of the relation 

between the interstage magnetic field coupling coefficient 

and the center spacing of adjacent resonance capacity 

elements, obtain~d as a result of repeated experimentation 

with prototypes by the inventor. The axis of abscissa 

represents (d - 0.3C)/W where d is the center spacing of 

adjacen~ resonance capacity elements (see Fig. 124), C is 

\..__,· the external diameter of the fixed electrodes 93A1 through 

93A4 that form the variable resonance -capacity element 

(see Fig. 124), and Wis the width of the external conduc­

tor 91C (see Fig. 125). The axis of ordinate represent 

the interstage magnetic field coupling coefficient Mk, 

k+l· 

~he transmission loss L of the band-pass filter shown 

in Figs. 124 through 127 is expressed by equation (13). 

An example of the transmission characteristics of the 
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filter shown in Figs. 124 through 127 is shown in Fig. 40. 

Fig. 129 is a vertical cross section of a band-pass 

filter in which the interstage coupling consists of capac­

itive coupling. 

This filter comprises an e_xternal conductor 91C; 

fixed electrodes 93A1 through 93A4 , solid dielectric 

hollow cylinders 921 through 924 and fixed electrodes 93B1 

through 93B4 that are provided concentrically to the 

interiors of the fixed electrodes 93A1 through 93A4 , 

although not shown in the Fig. 129; fixing members 93C1 

through 93C4 ; fixing members 93D1 through 93D4 ; lock nuts 

951 through 954 ; an input terminal 96; an output terminal 

97; an input coupling capacity element 11461 ; interstage 

coupling capacity elements 11412 through 11434 ; and an 

output coupling capacity element 11447. 

Fig. 130 is an equivalent circuit diagram of the 

band-pass filter shown in Fig. 129. Symbols R1 through R4 

\..._.,· represent resonance circuits, the reference numeral 11461 

is the input coupling capacity, reference numeral 11412 

through 11434 represent the interstage coupling capacity, 

and the reference numerals 11447 represent the output cou­

pling capacity. 

Fig. 131 is a converted equivalent circuit diagram 

of the equivalent circuit diagram shown in Fig. 130, and 

the symbols are the same as in ·Fig. 130. 

Although Fig. 129 illustrates an example of a· case in 

/ 
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which the input/output coupling elements consist of 

capacity elements, tap coupling wires, probes, loops, or 

other such high-frequency coupling means may also be used. 

An example of the transmission characteristics of the 

band-pa~s filter shown in Fig. 129 is shown in Fig. 40. 

It is also possible to use the variable resonance 

capacity element shown in Fig. 102 (comprising the solid 

dielectric hollow cylinder 92, the fixed electrodes 93A 

and 93B, the fixing members 93C and 93D, the movable 

electrode 94, and the lock nut 95) instead of the variable 

resonance capacity element of the filter in Fig. 76 or 80 

(comprising the solid dielectric hollow cylinder 32, the 

fixed electrode 33, the movable electrode 34, and the lock 

nut 35 of the resonator shown in Fig. 46). In this case, 

the transmission characteristics will be the same as the 

transmission characteristics of the filter in Fig. 76 or 

BO.except that the usable frequency band will be lower 

\. ..... ..- because of the fixed capacity produced by the solid di­

electric hollow cylinder 92 and the fixed electrodes 93A 

and 93B. 

In addition, in the embodiments shown in Figs. 102 

through 131, the fixed electrodes 93A and 93B can be 

constructed from a hollow cylinder made of a metal 

conductor that has been strengthened by making the walls 

thicker, and an air layer can be used instead of the 

hollow cylinder 92 made of a solid dielectric. 
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WHAT IS CLAIMED IS: 

1. A resonator comprising: 

an external conductor; 

a resonance capacity element comprising a dielectric 

plate fixed at the upper and lower ends to the upper and 

lower walls, respectively, of said external conductor, and 

electrodes made of a metal plate or a metal thin layer 

provided on the front and back sides of said dielectric 

plate, wherein the lower end of one of said electrodes is 

electrically connected to the lower wall of said external 

conductor, and a gap is formed between the upper end of 

said one electrode and the upper wall of the said external 

conductor, while the upper end of the other electrode is 

electrically connected to the upper wall of said .external 

conductor, and a gap is formed between the lower end of 

said other electrode and the lower wall of said external 

conductor; 

an input terminal; 

an output terminal; and 

means for connecting one of the electrodes of said 

resonance capacity element to said input terminal and the 

said output terminal in a high-frequency fashion. 

2. A resonator comprising: 

an external conductor; 

I lllllll llllll lllll lllll II llll 
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a resonance capacity element comprising a dielectric 

plate fixed at the upper and lower ends to the upper and 

lower walls, respectively, of said external conductor, and 

electrodes made of a metal plate or a metal thin layer 

provided on the front and back sides of said dielectric 

plate, wherein the lower end of one of said electrodes is 

electrically connect_ed to the lower wall of said external 

conductor, and a gap is formed between the upper end of 

said one electrode and the upper wall of said external 

condu,ctor, while the upper end of the other electrode is 

electrically connected to the upper wall of said external 

conductor, and a gap is formed between the lower end of 

said other electrode and the lower wall of said external 

conductor; 

an input terminal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation of transmission characteristics connected 

in series between said input terminal and said output 

terminal; and 

means for connecting one of the electrodes of said 

resonance capacity element to the connection point of said 

two inductance elements or said two capacity elements in a 

high-frequency fashion. 

3. A filter comprising: 

1111111111111111111 1111111 1111 
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a common external conductor; 

a plurality of resonance capacity elements connected 

in series in a high-frequency fashion and comprising a 

plurality of dielectric plates provided at suitable inter-

vals in the said external conductor and fixed at the upper 

and lower ends to the upper and lower walls, respectively, 

of said external conductor, and electrodes made of a metal 

plate or a metal thin layer provided on the front and back 

sides of said each dielectric plate, wherein the lower end 

of one of the electrodes is electrically connected to the 

lower wall of said external conductor, and a gap is formed 

between· the upper end of said one electrode and the upper 

wall of said external conductor, while the upper end of 

the other electrode is electrically connected to the upper 

wall of said external conductor, and a gap is formed be-· 

tween the lower end of said other electrode and the lower 

wall of said external conductor; 

an input terminal; 

an output terminal; 

means for connecting one of the electrodes of the top 

resonance capacity element of said plurality of resonance 

capacity elements to said input terminal in a high-fre­

quency fashion; and 

means for connecting one of the electrodes of the 

last resonance capacity element of said plurality of 

resonance capacity elements to said output terminal in a 

11111111· 111111 11111 11111111111 
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high-frequency fashion. 

4. A resonator comprising: 

an external conductor; 

a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose lower 

end portion is fixed to the lower wall of said external 

_conductor and whose upper end portion faces the upper wall 

of said external conductor a suitable distance away, a 

fixed· electrode composed of a metal thin layer that ad-

heres around the outer surface of said hollow cylinder and 

whose lower end portion is electrically connected to the 

lower wall of said external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

said fixed electrode and is attached to the upper wall of 

said external conductor so that the insertion length of 

said movable electrode into said hollow cylinder can be 

varied; 

an input terminal; 

an output terminal; and 

means for connecting said fixed electrode to said 

input terminal and said output terminal in a high-

frequency fashion. 

5. A resonator comprising: 

an external conductor; 

I lllllll llllll lllll lllll II llll . 
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a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose lower 

end portion is fixed to the lower wall of said external 

conductor and whose upper end portion faces the upper wall 

of said external conductor a suitable distance away, a 

fixed electrode composed of a metal thin layer that ad-

heres around the outer surf ace of said hollow cylinder and 

whose lower end portion is electrically connected to the 

lower wall of said external conductor, and a hollow or 

solid. cylindrical movable electrode that is coaxial with 

said fixed electrode and is attached to the upper wall of 

said external conductor so that the insertion length of 

said movable electrode into said hollow cylinder can be 

varied; 

an input terminal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation of transmission characteristics connected 

in ·series between said input terminal and said output 

terminal; and 

means for connecting said fixed electrode to the 

connection point of said two inductance elements or said 

two capacity elements in a high-frequency fashion. 

6. A filter compri_sing: 

an external conductor; 

-----····--------·· 
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a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion and com-

prising a plurality of hollow cylinders provided at suit-

able intervals and composed of a solid dielectric whose 

lower end portion is fixed to the lower wall of said 

external conductor and whose upper end portion faces the 

upper wall of said external conductor a suitable distance 

away, a fixed electrode composed of a metal thin layer 

that is provided on each of said hollow cylinders, adheres 

around the outer surface of said hollow cylinder, and 

whose lower end portion is electrically connected to the 

lower wall of said external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

said fixed electrode and is attached to the upper wall of 

said external conductor so that the insertion length of 

said movable electrode into said hollow cylinder can be 

varied; 

an input terminal; 

an output terminal; 

means for connecting the top resonance capacity ele-

ment of said plurality of resonance capacity elements to 

said input terminal in a high-frequency fashion; and 

means for connecting the last resonance capacity ele-

ment of said plurality of resonance capacity elements to 

saLd output terminal in a high-frequency fashion. 

Ullllll llllll lllll lllll II llll 
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7. A resonator that has: 

an external conductor; 

a variable resonance capacity element comprising a 

fixed electrode composed of a hoilow cylindrical conductor 

whose lower end portion is fixed to the lower wall of said 

external conductor and whose upper end portion faces the 

upper wall of said external conductor a suitable distance 

away and a movable electrode composed of a hollow or solid 

cylindrical conductor that is coaxial with said fixed 

electrode and is attached to the upper wall of said exter-

nal conductor so that the insertion length of said movable 

electrode into said fixed electrode can be varied; 

an input terminal; 

an output terminal; 

means for connecting said fixed electrode to said 

input terminal and said output terminal in a high-frequency 

fashion. 

8. A filter comprising: 

an external conductor; 

a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion, provided 

at suitable intervals, and comprising a fixed electrode 

composed of a hollow cylindrical conductor whose lower end 

portion is fixed to the lower wall of said external con-

ductor and whose upper end portion faces the upper wall of 

----------
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said external co~ductor a suitable distance away and a 

movable electrode compose~ of a hollow or solid cylindri­

cal conductor that is coaxial with said fixed electrode 

and is attached to the upper wall of said external conduc­

tor so that the insertion length of·said movable electrode 

into said fixed electrode can be varied; 

an input terminal; 

an output terminal; 

means for connecting the fixed electrode of the top 

resonance capacity element of said plurality of. reso·nance 

capacity elements to said input terminal in a high-fre-

quency fashion; and 

means for connecting the fixed electrode of the last 

resonance capacity element of said pl_urality of resonance 

capacity elements to said output terminal in a high-fre-

quency fashion. 

9 . A resonator comprising: 

an external conductor; 

a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose upper 

and lower end portions face the upper and lower walls, 

respectiyely, of said external conductor a suitable dis-

tance away, a first fixed electrode composed of a metal 

thin layer that adheres around the inner surf ace of said 

hollow cylinder and whose lower end portion is electrical-

------·--.. 
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ly connected to the lower wall of said external conductor, 

a second fixed electrode composed of a metal thin layer 

that adheres around the outer surf ace of said hollow 

cylinder and whose upper end portion is electrically 

connected to the upper wall of said external conductor, 

and a hollow or solid cylindrical movable electrode that 

is coaxial with said first and second fixed electrodes and 

is attached to the upper wall of said external conductor 

so that the insertion length of said movable electrode 

into said hollow cylinder can be varied; 

an input terminal; 

an output terminal; and 

means for connecting said second ·fixed electrode to 

said input terminal and said output terminal in a high-

frequency fashion. 

10. A resonator comprising: 

an external conductor; 

a variable resonance capacity element comprising a 

hollow cylinder composed of a solid dielectric whose upper 

and lower end portions face the upper and lower walls, 

respectively, of said external' conductor a suitable dis-

tance away, a first fixed electrode composed of a metal 

thin layer that adheres around the inner surface of said 

hollow cylinder and whose lower end portion is electrical-

ly connected to the lower wall of said external conductor, 

-----------
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a second.fixed electrode composed of a metal thin layer 

that adheres around the outer surface of said hollow 

cylinder and whose upper end portion is electrically 

connected to the upper wall of said external conductor, 

and a hollow or solid cylindrical movable electrode that 

is coaxial with said first and se.cond fixed electrodes and 

is attached to the upper wall of the said external conduc-

tor so that the insertion length of said movable electrode 

into said hollow cylinder can be varied; 

an input terminal; 

an output terminal; 

two inductance elements or two capacity elements for 

the compensation transmission characteristics connected in 

series between said input terminal and said output termi-

nal; and 

means for connecting said second fixed electrode to 

the connection point of said two inductance elements or 

said two capacity elements in a high-frequency fashion. 

11. A filter comprising: 

a common external conductor; 

a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion and com-

prising a hollow cylinder composed of a solid dielectric 

whose upper and lower end portions face the upper and 

lower walls, respectively, of said external conductor a 
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suitable distance away, a first fixed electrode composed 

of a metal thin layer that adheres around the inner sur-

face of said hollow cylinder and whose lower end portion 

is electrically connected to the lower wall of said exter­

nal conductor, a second fixed electrode composed of a 

metal thin layer that adheres around the outer surface of 

said hollow cylinder and whose upper end portion is elec-

trically connected to the upper wall of said external con-

ductor, and a hollow or solid cylindrical movable elec­

trode that is coaxial with said first and second fixed 

electrodes and is attached to the upper wall of said 

external conductor so that the insertion length of said 

movable electrode into.said hollow cylinder can be varied; 

an input terminal; 

an output terminal; 

means for connecting said second fixed electrode of 

the top resonance capacity element of said plurality of 

resonance capacity elements to said input terminal in a 

high-frequency fashion; and 

means for connecting said second fixed electrode of 

the last resonance capacity element of said plurality of 

resonance capacity elements to said output terminal in a 

high-frequency fashion. 

· 12. A resonator comprising: 

an external conductor; 

-----···--·-------·------
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a variable resonance capacity element comprising a 

first fixed electrode composed of a metal hollow cylinder 

whose lower end portion is fixed to the lower wall of said 

external conductor, a second "fixed electrode composed of a 

metal hollow cylinde·r that is provided coaxially with said 

first fixed electrode with a gap on the outside of said 

first fixed electrode, and whose upper end portion is 

fixed to the upper wall of said external conductor, and a 

hollow or solid cylindrical movable electrode that is 

coaxial with said first and second fixed electrodes and is 

attached to the upper wall of said external conductor so 

that the insertion length of said movable electrode into 

said first fixed electrode can be varied; 

an input terminal; 

an output terminal; and 

means for connecting said second fixed electrode to 

said input terminal and said output terminal in a high-

frequency fashion. 

13. A resonator comprising: 

an external conductor; 

a variable resonance capacity element comprising a 

first fixed electrode composed of a metal hollow cylinder 

whose lower end portion is fixed to the lower wall of said 

external conductor, a second.fixed electrode composed of a 

metal hollow cylinder that is provided coaxially with said 
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first fixed electrode with a gap on the outside of said 

first fixed electrode, and whose upper end portion is 

fixed to the upper wall of said external conductor, and a 

hollow or solid cylindrical movable electrode that is 

coaxial with said first and second fixed electrodes and is 

attached to the upper wall of the said external conductor 

so that the insertion length of said movable electrode 

into said first fixed electrode can be·varied; 

an input terminal; 

an output terminal; 

two inductance elements or two. capacity elements for 

the compensation of transmission characteristic connected 

in series between said input terminal and said output 

terminal; and 

means -for connecting said second fixed electrode to 

the connection point of said two inductance elements or 

said two capacity elements in a high-frequency fashion. 

14. A filter that has: 

a conunon external conductor; 

a plurality of variable resonance capacity elements 

connected in series in a high-frequency fashion, provided 

at suitable intervals and comprising a first fixed elec-

trode composed of a metal hollow cylinder whose lower end 

portion is fixed to the lower wall of said external con-

ductor, a second fixed electrode composed of a metal 

------------------·-· 
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hollow cylinder that is provided coaxially with said first 

fixed electrode with a gap on the outside of said first 

fixed electrode, and whose upper end portion is fixed to 

the upper wall of said external conductor, and a hollow or 

solid cylindrical movable electrode that is coaxial with 

said first and second fixed electrodes and is attached to 

the upper wall of said external conductor so that the 

insertion length of said movable electrode into said first 

fixed electrode can be varied; 

an input terminal; 

an output terminal; 

means for connecting said second fixed electrode of 

the top resonance capacity element of said plurality of 

resonance capacity elements to said input terminal in a 

high-frequency fashion; and 

means for connec~ing said second fixed electrode of 

the last resonance capacity element of said plurality of 

resonance capacity elements to said output terminal in a 

high-frequency fashion. 
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