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1. 
My invention relates to generators of radio 

frequency power using electron tubes, and more 
particularly to high-power generators using 
tetrodes. 
An object of my invention is to provide an 

improved R. F. generator employing cavity type 
resonators and incorporating a plurality of elec 
tron tubes for delivering large Orders of power 
in the higher frequency ranges, say above 00 
ncS./Sec. 
Another object is to provide an R. F. generator 

of the character described in which the electron 
tubes are tetrodes, thus providing high power 
gain in the generator. 
A still further object is to provide such a gen 

erator which may be designated to operate either 
as an amplifier or as an oscillator. 
The invention possesses other objects and fea 

tures of advantage, some of which with the fore 
going, will be set forth in the following descrip 
tion of my invention. It is to be understood that 
I do not limit myself to this disclosure of Species 
of my invention as I may adopt variant embodi 
ments thereof within the Scope of the claim.S. 

Referring to the drawingS: 
Figure 1 is a vertical sectional view of the in 

proved R. F. generator embodying my invention; 
and 

Figure 2 is a transverse sectional view taken 
along the plane indicated by line 2-2 of Figure 1. 
In terms of broad inclusion the radio-frequency 

generator comprises a plurality of tetrodes dis 
posed in a circle about an axis and each hav 
ing an anode and screen grid and control grid 
and cathode; output and input resonators each 
comprising an annular cavity extending axially 
of the circle and having inner and outer con 
ductors, the anode of each tetrode being elec 
trically connected to the inner conductor of the 
output resonator and the cathode of each tetrode 
being electrically connected to the inner con 
ductor of the input resonator; means including a 
condenser coupling the screen grid of each tetrode 
to the outer conductors of the resonators; and 
an annular hollow conductor extending axially 
of the input resonator and encircling the inner 
conductor thereof, the last mentioned conductor 
being open at one end and electrically connected 
to the control grid of each tetrode at the other 
end. When the apparatus is operated as an an 
plifier the screen grid condenser functions as an 
R. F. by-pass condenser and when operated as 
an oscillator this condenser is designed as a feed 
back device for feeding energy from the output 
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feature in my apparatus is the arrangement of 
the control grid line or conductor within the in 
put resonator, as this is conveniently adaptable 
for a tetrode structure wherein the control grid 
terminal naturally lies between the cathode and 
Screen grid terminals. 
In greater detail and referring to the drawings, 

my radio-frequency generator constructed as an 
amplifier comprises a plurality of tetrodes dis 
posed in a circle about an axis, which tubes are 
of like construction and have like characteristics. 
While five tubes are shown, it is understood that 
any desired number may be employed depending . 
upon the power output required. Tetrodes f are 
of conventional construction having a cathode-2, 
control grid 3, screen grid 4 and anode 6, the 
anode being external and all the electrodes being 
preferably cylindrical and coaxial. The preferred 
tube used with my circuitry has coaxial terminals 
for the electrodes, such as the cathode terminal 

opposite the anode and the control grid ter 
minal ring 8 and screengrid terminal ring 9 inter 
pOSed in the envelope wall between the cathode 
terminal and anode. This sequence of terminals 
On the envelope is a natural and customary ter. 
minal arrangement in tetrode type tubes. The 
heating structure for the cathode is not shown 
but may comprise any suitable means such as an 
inner filament for heating the cathode cylinder 
2 by electron bombardment, in which case the 

tubular cathode terminal . . 
The amplifier has an output resonator and 

an input resonator 2, which resonators com 
prise annular-shaped cavities that are coaxial 
With the tube circle and are common to the 
plurality of tubes . Output cavity resonator 
is made up of an inner annular conductor com 
prising metal cylinders f3 joined by an end ring 
4, and outer conductors comprising metal cylin 
des 6. These conductors thus form a pair of 
communicating annular cavity sections 7, the 
Space joining the cavity sections being located . 
adjacent the upper portions of tubes . . . In a 
like manner the input cavity resonator is made 
up of an inner annular conductor comprising 

filament leads preferably extend out through the 

metal cylinders 8 joined by an end ring 9, and 
Outer conductors comprising metal cylinders 2 
Which latter cylinders may be integral with the 
outer cylinders f6 of the output resonator. The 
conductors of the input resonator also form a 
pair of communicating annular cavity sections 
22, the space joining such cavity sections being 
located adjacent the lower portions Of tubes . 

resonator to the input resonator. An important 55 Thus the annular cavities of the output and 
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input resonators are concentric with the axis of 
the tube circle, each cavity being of U-shape in 
cross-section and common to the plurality of 
tubes . It will also be noted that the main 
sections T and 22 of the output and input cavities 
extend axially of the tube circle so that the prin 
cipal propagation in these cavities is axial rather 
than radial of the tubes. 

it Will thus be noted that each resonator com 
prises two cavity sections, each section being 
constituted by the space between a pair of Con 
centric cylinders. The length of each Section, 
measured axially of the circle of tube units, is 
substantially greater than the width of the Sec 
tion, measured radially of the circle of tube units, 
i. e., the difference in radius of the concentric 
cylinders which define the section (ignoring the 
thickness of the cylinders). An annulus having 
a greater axial than radial dimension, measured 
as described is defined hereinafter as an axially 
extending annulus. 
Anodes 6 of the tetrodes are electrically con 

nected for radio-frequency current to the inner 
conductor of the output resonator, in the device 
illustrated this being a direct connection to the 
end ring 4 which is apertured so that the anodes 
project upwardly into the hollow inner conductor. 
Suitable means for cooling the anodes may thus 
be provided in the open space of the hollow con 
ductor. In a similar manner cathodes 2 of the 
tetrodes are electrically connected for radio 
frequency current to the inner conductor of the 
input resonator, this being a direct connection 
to the cathode terminals 1 which project down 
wardly through the end ring 9 of the hollow 
conductor. Suitable leads for the cathode heat 
er means of the several tubes may thus extend 
out through the hollow conductor. 
Any suitable metal such as brass may be used 

for the various conductors described which make 
up the boundary walls of the cavities. For pur 
poses of mechanical support the inner conductor 
of the output resonator is factened to upper rings 
23 of insulating material interposed between the 
cylinders 3 and 6. Likewise the inner COrl 
ductor of the input resonator is held in posi 
tion by lower rings 24 of insulating material 
interposed between the cylinders 8 and 2. 

Screen grids 4 of the tetrodes are electrically 
coupled for radio-frequency current to Outer 
conductors of the resonators. In order to iso 
late the D. C. screen grid voltage, the coupling 
includes an R. F. bypass condenser comprising 
a transverse metal plate 26 connected to the 
outermost conductors 6 and 2 and a second 
metal plate or ring 27 connected to Screen grid 
terminal rings 9. These plates are Spaced by 
a suitable insulating layer 28, the capacitance 
of this bypass condenser in the amplifier being 
large enough to prevent any appreciable amount 
of feedback of energy from the output to the 
input resonator. Member 26 which forms the 
lower plate of the condenser also comprises the 
dividing wall between the cavity resonators, it 
being a metal disk extending transversely across 
the unit and fastened at the periphery to the 
outermost conductors 6 and 21 which constitute 
the shell of the generator. As illustrated, this 
plate member is apertured to receive the tubes 
so that the later project partially into the upper 
cavity and partially into the lower cavity. - 
From the above structure it will be seen that 

an output cavity circuit is provided between the 
anodes and screen grids of the tetrodes, and 
that an input cavity circuit is provided between 
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of the cavity Sections. 

4. 
the cathodes and screen grids. In order to es 
tablish the third desired circuit for applying the 
required R. F. voltage between the control grids 
and cathodes, I provide an annular open ended 
transmission line within the input resonator. 
This is conveniently adaptable for tetrode struc 
tures wherein the control grid terminals 8 natur 
ally lie between the cathode and Screen grid 
terminals. As shown, the control grids 3 are 
connected to the closed end of an open ended 
hollow metal conductor extending axially of the 
input resonator and encircling the inner Conduc 
tor thereof. This grid conductor comprises a 
pair of cylindrical walls 29 joined by an end 
ring 3 connected to the control grid terminal 
rings 9, the end ring 3 being apertured to re 
ceive the tubes. For purposes of adjusting the 
axial length of the grid line the side walls of 
the hollow conductor preferably have slideable 
sections 32 at the open end. For optimum oper 
ation the length of the hollow grid conductor is 
preferably made equal to an integral number of 
half Wave lengths electrically at the operating 
frequency. 

Adjustable means are provided for tuning the 
output and input resonators to the desired oper 
ating frequency. For this purpose a pair of an 
nular metal plates 33 are provided in Sections 7 
of the output resonator, on opposite sides of the 
inner conductor, so as to form the upper end walls 

These plates are slideably 
mounted on the cylindrical walls 3 of the inner 
conductor, and axial adjustments is achieved by 
means of plunger rods 34 of insulating material 
projecting through supports 23. Rods 34 may be 
connected externally to insure that plates 33 
are adjusted in unison. Plates 33 are connected 
to the inner conductor only and have cylindrical 
flanges 36 closely spaced to the Wall conductors 
6 so that the device also functions as a choke 

to confine the R. F. and isolate the D. C. anode 
voltage. For this purpose the flanges 36 of the 
choke are made effectively a quarter Wave long 
at the operating frequency, telescoping sleeves 
(not shown) being provided on the flanges if 
desired to adjust their length. Positive anode 
potential may thus be applied by direct connec 
tion with the inner conductor as indicated at 37. 
Tuning the output resonator is accomplished by 
adjusting the end plates 33 to make the cavity 
sections 7 the desired length for a selected Op 
erating frequency, as will be readily understood. 
In a like manner a pair of annular plates 38 

are provided in the input resonator, adjustable by 
means of plunger rods 39 for tuning to the de 
sired operating frequency. Here the end plates 
are in the nature of shorting bars having slide 
able contact with both the inner conductor Walls 
f8 and the outer conductor Walls. 2. In the 
apparatus illustrated the cathodes are operated 
at ground potential, the positive anode potential 
being applied by direct connection to the anodes 
as already mentioned. The control grid bias 
voltage is supplied from a Suitable Source, as 
through a resistor 4, and is connected to grid 
line 29 by a wire 42 entering the resonator 
through a suitable R. F. choke 43. In a like 
manner the screen grid voltage is Supplied from a 
suitable source, as through a resistor 44, and 
is connected to screen grid ring 27 by a Wire 
45 entering the resonator through a suitable R. F. 
choke 46. 

R. F. driving power may be fed into the input 
resonator from a suitable source of drive by any 
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suitable means, as by a loop or probe. The pre 
ferred structure however, as illustrated, com 
prises a centrally located transmission line 4 
coupled to the resonator through a slot. Trans 
mission line A is made up of an inner conductor 
48 terminating at the transverse dividing wall 
26 between the resonators, and an outer conduc 
tor 49 which is a continuation of the innermost 
Conductor 2 of the input resonator. Energy 
coupling means between the input line and res 
onator comprises a circular slot 50 formed by 
spacing the inner end of conductor 2 from the 
transverse. Wall 26. The circular arrangement of 
this coupling slot is desirable because it provides 
uniform coupling of energy from the transmission 
line to the annular cavity 22. 
Output power from the amplifier is prefer 

ably transferred from the output resonator to a 
suitable load by means of a transmission line 
5 coaxial with the input line, and having an 
inner conductor 52 terminating at the transverse 
wall 26 and an outer conductor 56 formed as a 
continuation of the innermost conductor 6 of 
the output resonator. A circular slot 5 Serves 
to couple energy from the output resonator to 
the transmission line 5. 
In adjusting the amplifier the output cavity 

resonator if between the anode and Screen grid 
is tuned to resonance at the operating fre 
quency, the plates 33 being adjusted So that 
the axial length of each cavity Section f is 
an odd number of quarter wave lengths elec 
trically. The input cavity resonator 2 between 
the cathode and screen grid is adjusted by plates 
38 so that the length of each cavity section 22 
is roughly an integral number of half Wave 
lengths electrically at the operating frequency. 
As already mentioned the length of the open 
end grid line 29-32 within the input resonator 
is also set at approximately an integral number 
of half Wave lengths electrically. By this ar 
rangement, and by the proper adjustment of the 
lengths of the grid line 29-32 and the input 
resonator 2, it is possible to achieve the desired 
amplitude and phases of the R. F. Voltages be 
tween the cathodes, screen grids and control 
grids of the tetrodes. 
An important feature of my annular cavity type 

of generator employing a plurality of tubes is 
that a large amount of R. F. power can be pro 
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sustain oscillation. Thus, in the oscillator case, 
the condenser associated with the screen grid 
Would function as a feedback condenser rather 
than a bypass condenser. In other respects the 
Structure of the R. E. generator Would remain 
unchanged. 

For purposes of illustration I have shown the 
output resonator arranged end-to-end with the 
input resonator. If it. Were desirable to have 
a more compact construction the output cavity 
sections could be folded back over the input res 
onator as will be readily understood by those 
skilled in the art. 

I clain: 
1. A radio-frequency generator comprising a 

plurality of tetrodes disposed in a circle about 
an axis and each having &n anode and Screen 
grid, and control grid, and cathode, output and 
input resonators each comprising an annular 
cavity extending axially of said circle and hav 
ing inner and outer conductors, the axial di 
mension of said resonator being Substantially 
greater than the radial dimension thereof, the 
anode of each tetrode being electrically con 
nected to the inner conductor of the output res 
onator and the cathode of each tetrode being 
electirically connected to the inner conductor of 
the input resonator, means coupling the screen 
grid of each tetrode to the outer conductors of 
the resonators, and an annular hollow conduc 
tor extending axially of the input resonator and 
encircling the inner conductor thereof, Said hol 
low conductor being open at One end and eiec 
trically connected to the control grid of each 
tetrode at the other end. 

2. A radio-frequency generator comprising a 
plurality of tetrodes disposed in a circle about 
an axis and each having an anode and Screen. 

4. 

50 
duced at the higher frequencies without undue 
circuit losses. In my improved apparatus the 
power amplification is obtained with no greater 
loss of efficiency as the frequency is raised than 
would be the case in a single tube amplifier. The 
total power output, as measured at the load, for 
a generator having n number of tubes is Sub 
stantially in times that obtainable from a single 
tube in an efficient single tube amplifier. 
Another important feature of my invention is 

that the above mentioned advantage of high 
power generation is attained with tetrode type 
tubes, so that the other advantages inherent in 
a tetrode, such as increased power gain, are also 
had. 
While I have described my apparatus as an 

amplifier, it is understood that the generator 
may be operated as an oscillator, and that the 
term generator is employed herein, as is con 
mon usage, in the generic sense. In the latter 
case the input transmission line 47 Would be 
omitted and the capacitance of the condense 
26-27-28 decreased so as to provide sufficient 
feedback of energy from the output resonator 

to the input or excitation resonator 2 to 
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grid and control grid and cathode, output and 
input resonators each comprising an annular 
cavity extending axially of Said circle and having 
inner and outer conductors, the axial dimension 
of said resonator being substantially greater than 
the radial dimension thereof, the anode of each 
tetrode being electrically connected to the inner 
conductor of the output resonator and the cath 
ode of each tetrode being electrically connected 
to the inner conductor of the input resonator, 
means coupling the screen grid of each tetrode 
to the outer conductors of the resonators, and an 
annular hollow conductor extending axially. of 
the input resonator and encircling the inner 
conductor thereof, said hollow conductor being 
open at one end and electrically connected to 
the control grid of each tetrode at the other end, 
the last mentioned conductor comprising tele 
scoping sections for adjusting the length thereof. 

3. A radio-frequency generator comprising a 
plurality of tetrodes disposed in a circle about 
an axis and each having an anode and Screen 
grid and control grid and cathode, output and 
input resonators each comprising an annular 
cavity extending axially of Said circle and having 
inner and outer conductors, the axial dimension 
of said resonator being substantially greater than 
the radial dimension thereof, the anode of each 
tetrode being electrically connected to the inner 
conductor of the output resonator and the cath 
ode of each tetrode being electrically connected 
to the inner conductor of the input resonator, 
means coupling the screen grid of each tetrode 
to the outer conductors of the resonators, an 
annular hollow conductor extending axially of 
the input resonator and encircling the inner con 
ductor thereof, said hollow conductor being Open 

  



2,641,858, 
7 

at one end and electrically connected to the con 
trol grid of each tetrode at the other end, and tun 
ing means in the output and input resonators for 
adjusting the axial length of Said resonators. 

4. A radio-frequency generator comprising a 
plurality of tetrodes disposed in a circle about 
an axis and each having an anode and Screen 
grid and control grid and cathode, output and 
input resonators each comprising an annular 
cavity extending axially of said, circle and hav 
ing inner and outer conductors, the axial di 
mension of Said resonator being Substantially 
greater than the radial dimension thereof, the 
anode of each tetrode being electrically connected 
to the inner conductor of the output resonator 
and the cathode of each tetrode being electrically 
connected to the inner conductor of the input 
resonator, means coupling the Screen grid of 
each tetrode to the outer conductors of the res 
onators, said coupling means including a con 
denser, and an annular hollow conductor ex 
tending axially of the input resonator and en 
circling the inner conductor thereof, Said hollow 
conductor being open at one end and electrically 
connected to the control grid of each tetrode at 
the other end. 

5. A radio-frequency generator comprising a 
plurality of tetrodes disposed in a circle about 
an axis and each having an anode and Screen 
grid and control grid and cathode, output and 
input resonators each comprising an annular 
cavity extending axially of said circle and having 
inner and outer conductors, the axial dimension 
of said resonator being substantially greater 
than the radial dimension thereof, the anode of 
each tetrode being electrically connected to the 
inner conductor of the output resonator and the 
cathode of each tetrode being electrically con 
nected to the inner conductor of the input res 
onator, means coupling the screen grid of each 
tetrode to the outer conductors of the resonators, 
said coupling means including a condenser plate 
connected to the outer conductors of the reso 
nators and a second condenser plate Spaced fron 
the first plate and connected to a Screen grid 
of each tetrode, and an annular hollow con 
ductor extending axially of the input resonator 
and encircling the inner conductor thereof, Said 
hollow conductor being open at One end and 
electrically connected to the control grid of 
each tetrode at the other end. 

6. A radio-frequency generator comprising a 
plurality of tetrodes disposed in a circle about 
an axis and each having an anode and Screen 
grid and control grid and cathode, output and 
input resonators each comprising an annular 
cavity extending axially of Said circle and hav. 
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8. 
ing inner and outer conductors, the axial di 
mension of Said resonator being substantially 
greater than the radial dimension thereof, the 
anode of each tetrode being electrically con 
nected to the inner conductor of the output 
resonator and the Cathode of each tetrode being 
electrically connected to the inner conductor of 
the input resonator, means coupling the screen 
grid of each tetrode to the outer conductors of 
the resonators, an annular hollow conductor ex 
tending axially of the input resonator and en 
circling the inner conductor thereof, said hollow 
conductor being Open at One end and electrically 
connected to the control grid of each tetrode 
at the other end, an output transmission line ex 
tending axially of Said circle, and energy coul 
pling means comprising a circular slot com 
municating between Said output line and output 
resonator. 

7. A radio-frequency generator comprising a 
plurality of tetrodes disposed in a circle about an 
axis and each having an anode and Screen grid 
and control grid and cathode, Output and input 
resonators each comprising an annular cavity ex 
tending axially of Said circle and having inner 
and outer conductors, the axial dimension of Said 
resonator being Substantially greater than the ran 
dial dimension thereof, the anode of each tetrode 
being electrically connected to the inner con 
ductor of the Output resonator and the Cathode 
of each tetrode being electrically connected to 
the inner conductor of the input resonator, means 
coupling the screen grid of each tetrode to the 
outer conductors of the resonators, an annular 
hooW conductor extending axially of the input 
resonator and encircling the inner conductor 
thereof, said hollow conductor being open at 
one end and electrically connected to the control 
grid of each tetrode at the other end, an Output 
transmission line extending axially of Said circle, 
energy coupling means comprising a circular 
slot communicating between Said output line and 
output resonator, an input transmission line ex 
tending axially of Said circle, and energy coul 
pling means comprising a circular slot communi 
cating between said input line and input reson 
atOr. 
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