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United States Patent 

2,948,858. 
CAVITY RESONATOR CIRCUIT 

Spiro A. Stameson, Fullerton, Calif., assignor to Hughes 
Aircraft Company, Culver City, Calif., a corporation 
of Delaware . . 

Filed July 18, 1958, Ser. No. 750,550 
- 4 Claims. (Cl. 330-56) 

This invention relates generally to cavity resonator cir 
cuits which may be employed as the input or output cir 
cuit of very high frequency, ultra high frequency or micro 
wave amplifiers and, more particularly, to a tunable three 
quarter wave folded cavity resonator circuit which may 
be employed with a triode, tetrode or pentode electron 
discharge device in a manner to operate as either a 
grounded grid or grid driven amplifier. 

In conventional cavity resonator circuits where single 
quarter wave cavities cannot be adapted to operate as 
either the input or output circuit of an amplifier employ 
ing an electron discharge device, it is the present practice 
to utilize either half-wave cavities or straight three-quarter 
wave cavities. A straight three-quarter wave cavity is of 
considerable length and thus its use necessitates a corre 
sponding large amount of space for packaging purposes. 
Secondly, the straight three-quarter wave cavity requires 
multiple tuning adjustments which complicates the me 
chanical construction and makes tuning much harder to 
implement. The half wave open cavity, on the other 
hand, has disadvantages in that insulated rods are re 
quired for tuning adjustments and, in addition, presents 
a major problem in routing direct-current connections, 
filament connections and cooling pipes to and from the 
tube. Normally these latter connections have to come 
out through an R.F. portion of the cavity which is unde 
sirable. - 

It is therefore an object of the present invention to pro 
vide an improved electron discharge device amplifier in 
corporating a folded three-quarter wave resonant cavity. 
Another object of the invention is to provide a resonant 

cavity amplifier circuit wherein the radio-frequency and 
direct-current paths to and from the tube employed are 
Separated. -- -- a ? 

Still another object of the invention is to provide a 
resonant cavity amplifier circuit including a grid bypass 
capacitor at a high radio frequency voltage point. 
A further object of the invention is to provide an 

electron discharge device amplifier which includes a folded 
three-quarter wave cavity circuit which possesses a me 
chanical configuration that permits the use of a single 
tuning mechanism. 
A still further object of my invention is to provide an 

electron discharge device amplifier which includes a reso 
nant cavity composed of three sections, each of which 
possesses a characteristic impedance adapted to minimize 
frequency sensitivity. 

In accordance with the present invention, a folded 
resonant cavity is employed, for example, as the input 
circuit of a grid driven R.F. amplifier. In particular, a 
quarter wave cavity is folded back over first and second 
quarter wave sections which together constitute a half 
wave open circuit cavity that is coupled across the con 
trol grid and cathode of the tube, the first quarter wave 
section being immediately adjacent thereto. In order to 
optimize bandwidth, the first quarter wave section must 
have a characteristic impedance which is no less than the 
capacitive reactance of the tube input and a length which 
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2. 
is adjustable to permit tuning of the cavity. The second 
quarter wave cavity, on the other hand, is a section of 
coaxial line which possesses a characteristic impedance 
that is less than one-half that of the first quarter Wave 
section. The characteristic impedance of the second 
quarter wave section is low so as to minimize the reactive 
stored energy and thus optimize the bandwidth. When 
tuning the cavity the length of the second quarter wave. 
cavity need not be changed thereby obviating the need 
of additional adjustment to maintain its length constant. 

Lastly, the folded-back quarter wave cavity has at 
least twice the characteristic impedance of the first quar 
terwave cavity and is folded back under the second quar 
ter wave cavity whereby the inner conductor of the sec 
ond quarter wave cavity provides its outer conductor. 
The impedance of this section is made high to keep fre 
quency sensitivity to a minimum, that is, to optimize band 
width. Further, the length of this section is not af. 
fected by tuning whereby it does not require length com 
pensation. 
The above-mentioned and other features and objects of 

this invention and the manner of obtaining them will 
become more apparent by reference to the following 
description taken in conjunction with the accompanying 
drawing, wherein: ” ? ? ? ? ”. ??? ???? 

Fig. 1 illustrates an axial sectional view of apparatus 
embodying the improvements of my invention; 

Fig. 2 illustrates view A-A of the apparatus of Fig. 1; 
Fig. 3 illustrates view B-B of the apparatus of Fig. 1; 
Fig. 4 illustrates a view of the left extremity as viewed 

in the drawing, of the device of Fig. 1; and 
Fig. 5 is an enlarged view of a portion of the device 

of Fig. 1 showing the manner in which electrical con 
nections are made to the tube. s 

Referring now to the drawings, Fig. 1 illustrates an 
axial sectional view of a preferred embodiment of the 
device of the present invention wherein the resonant 
cavity of the present invention is employed as the grid 
input cavity of a beam power tetrode tube, Referring 
also to Fig. 5, the disclosed radio-frequency camplifier 
includes a beam power tetrode tube 10 which may, for 
example, be of the type which is designated A2576A. 
The tube 10 possesses a heater terminal 11, a heater and 
cathode terminal 12, a control grid terminal 13, a screen 
grid terminal 14, and a plate terminal 15, all of which 
are circular and which, as shown in Fig. 1, have portions 
cut away for illustrative purposes. The particular ar 
rangement of the terminals 11 to 15 on the envelope 
of the tube 10 shown in the drawing is a natural and 
customary terminal arrangement in beam power tetrod 
tubes of the type illustrated. 
The radio-frequency amplifier of the present invention 

comprises a conventional type output resonant cavity 18 
and an input resonant cavity 20, the configuration and 
operation of which is in accordance with the present 
invention. In general, the output resonant cavity 18 is 
coaxial with and surrounds a portion of the input res 
onant cavity 20. In particular, an outer wall 21 of the 
input cavity 20 serves as the inner cylindrical boundary 
wall and a cylindrical metallic exterior anode wall 22 
serves as the outer boundary wall for the output cavity 
18. The tube 0 is maintained in a centrally disposed 
position within the output cavity 18 by means of an an 
nular ceramic member 30 which has both of its lateral 
surfaces metallized to provide a bypass capacitor to 
ground and which is fitted with a seating ring 31 which 
possesses a number of metallic springs adapted to en 
gage the plate terminal 15 of the tetrode tube 10. Ceramic 
member 30 is, in turn, held in a centrally disposed po 
sition within the output cavity 18 by means of a circular 
support member 32. In operation the plate terminal. 
15 is maintained at a potential of the order of 6,000 volts, 

  





movement of the coaxial input 43. A gear arrangement 
82 is attached to the end portion of the threaded rotatable 
longitudinal element 75 to enable it to be turned by an ap 
propriate amount to tune the input cavity 20. - v. 

In operation, radio frequency energy is fed through the 
center conductor of the coaxial input 43 and through the 
capacitor 57 to the right extremity of the metal cylinder 
56, as viewed in the drawing. This excites both the folded 
back resonant quarter wave section 44 together with the 
second quarter wave section 42. In that the folded back 
quarter wave section 44 has a shorting termination 45, it 
presents a very high impedance at its input which is at 
the output side of the capacitor 57. The input energy is 
also fed to the second quarter wave section 42 which has 
an inner boundary provided by the metal cylinder 56 and 
an outer boundary provided by the cylindrical wall 21. 
The second quarter wave section 42 is terminated by the 
first quarter wave section 40 and, as specified above, has 
a characteristic impedance that is less than one-half the 
characteristic impedance of the first quarter wave section 
40. Also, in order to optimize bandwidth, as specified 
above, the characteristic impedance of the folded back 
quarter wave section is made equal to or greater than 
twice the characteristic impedance of the first quarter 
wave section 40. It is to be noted that the turning of 
the threaded longitudinal member 75 to effect tuning of 
the first quarter wave section 40 does not affect the length 
of the second quarter wave section 42 or the folded back 
quarter wave section 44, nor the relative spacing of the 
coaxial input 43 with respect thereto. 

Lastly, the first quarter wave section 40 receives a 
signal from the second quarter wave section 42 and 
applies it across the heater and cathode terminal 12 and 
control grid terminal 13 of the tube 10. As specified 
above, the characteristic impedance of the first quarter 
wave 40, to achieve optimum bandwidth, is made greater 
than the capacitance reactance of the tube input. 
What is claimed is: 
1. A radio-frequency amplifier comprising an electron 

discharge device having at least a cathode terminal, a 
control grid terminal and a heater terminal, an input 
resonant cavity including a first tunable one-quarter 
wave section having an extremity coupled across said 
contro grid terminal and said cathode terminal, Said 
first section having a first cylindrical outer conductor 
and a first substantially cylindrical inner conductor dis 
posed concentrically within said outer conductor, said 
first inner conductor being of adjustable length thereby to 
enable said first quarter wave section to be tuned; a 
second quarter wave section of fixed length having an ex 
tremity coupled to the remaining extremity of said first 
quarter wave section, said second quarter wave section 
having a second substantially cylindrical outer conductor 
attached and electrically connected to said first outer 
conductor and a second hollow cylindrical inner conduc 
tor disposed concentrically within said second outer con 
ductor and attached and electrically connected to said 
first inner conductor; a third quarter wave section folded 
back from said Second quarter wave section, said third 
quarter wave section being provided by a third cylindrical 
inner conductor disposed concentrically within said sec 
ond inner conductor and being attached thereto with a 
shorting termination one-quarter wavelength from the 
extremity thereof that is common with the remaining ex 
tremity of said second section; means coupled to said 
Second inner conductor for simultaneously exciting said 
second and third quarter wave sections with an input 
signal; and means attached to said third inner conductor 
for slidably moving one extremity of said first inner con 
ductor thereby to tune said input resonant cavity. 

2. The radio-frequency amplifier as defined in claim 
1 which additionally includes an electrical conductor con 
nected to said heater terminal and extending through said 
third cylindrical inner conductor to a direct-current input 

. . . . . 6 . . . . 
terminal thereby to provide a radio frequency free direct 
current connection to said electron discharge device. , 

3. A radio-frequency amplifier having an electron dis 
charge device. with a circular heater terminal and con 
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centric cathode and grid-terminals, said terminals being 
disposed in the order named in proceeding outwards 
from the axis of the evacuated envelope of said discharge 
device; an input, resonant cavity comprising a first tunable 
one-quarter wave section having an extremity coupled 
across said grid and cathode terminals, said first section 
having a first cylindrical outer conductor connected to 
said cathode terminal and a first substantially cylindrical 
inner conductor disposed concentrically within said outer 
conductor and which crosses over said outer conductor 
to connect to said grid terminal, said first inner conductor 
being of adjustable length thereby to enable said first 
quarter wave section to be tuned; a second quarter wave 
section of fixed length having an extremity coupled to the 
remaining extremity of said first quarter wave section, 
said second quarter wave section having a second Sub 
stantially cylindrical outer conductor attached and elec 
trically connected to said first outer conductor and a 
second hollow cylindrical inner conductor disposed con 
centrically within said second outer conductor and 
attached and electrically connected to said first inner con 
ductor; a third quarter wave section folded back from 
said second quarter wave section, said third quarter wave 
section being provided by a third cylindrical inner con 
ductor disposed concentrically within said second inner 
conductor and being attached thereto with a shorting 
termination one-quarter wavelength from the extremity 
thereof that is common with the remaining extremity of 
said second section; means coupled to said second inner 
conductor for simultaneously exciting said second and 
third quarter wave sections with an input signal; and 
means attached to said third inner conductor for slidably 
moving one extremity of said first inner conductor there 
by to tune said input resonant cavity, said last-named 
means being rigidly attached to said means coupled to 
said second inner conductor for simultaneously exciting 
said second and third quarter wave sections with an in 
put signal whereby tuning said first quarter wave section 
does not affect tuning of said second and third quarter 
wave sections. 

4. In a radio-frequency amplifier including an electron 
discharge device having concentric cathode and grid 
terminals with a predetermined input reactance, an input 
resonant cavity comprising a first tunable one-quarter 
wave section with a characteristic impedance that is no 
less than said predetermined input reactance, one extrem 
ity of said first section being coupled across said grid 
and cathode terminals, said first section having a first 
cylindrical outer conductor and a first substantially cylin 
drical inner conductor disposed concentrically within said 
outer conductor and being of adjustable length thereby 
to enable said first quarter wave section to be tuned; a 
Second quarter wave section of fixed length with a char 
acteristic impedance that is no more than one-half said 
predetermined input reactance, one extremity of said sec 
ond section being coupled to the remaining extremity 
of Said first quarter wave section, said second quarter 
Wave Section having a second substantially cylindrical 
Outer conductor attached and electrically connected to 
said first outer conductor and a second hollow cylindrical 
inner conductor disposed concentrically within said sec 
ond outer conductor and attached and electrically con 
nected to said first inner conductor; a third quarter wave 
Section with a characteristic impedance that is no less 
than twice said predetermined input reactance, said third 
Section being folded back from said second quarter wave 
Section and provided by a third cylindrical inner con 
ductor disposed concentrically within said second inner 
conductor and being attached thereto with a shorting 
termination one-quarter wavelength from the extremity 
thereof that is common with the remaining extremity of 
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said second section; means coupled to said second inner 
conductor for simultaneously exciting said second and 
third quarter wave sections with an input signal; and 
means attached to said third inner conductor for slidably 
moving one extremity of said first inner conductor there 
by to tune said input resonant cavity, said last-named 
means being rigidly attached to said means coupled to 
said second inner conductor for simultaneously exciting 

8 
said second and third quarter wave sections with an input 
signal whereby tuning said first quarter wave section does 
not affect tuning of said second and third quarter wave 
sections. 
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