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ATENT OFFICE 
2,554,501 

RADIO-FREQUENCY GENERATOR, 
Donald H. Preist, Tiburon, Calif., assigaor to 

Eitei-MeCullough, Hinc., San Bruno, Calif., a 
corporation of California, 

Application January 17, 1949, Serial No. 71,289 
9 Claimis. 

My invention relates to generators of radio 
frequency power, and more particularly to such a 
generator capable of delivering large orders of 
pOWer in the higher frequency ranges, say above 
100 mics./sec., using conventional type negative 
grid tubes. 
In my co-pending application, Serial No. 42,- 

171, filed August 3, 1948, I have disclosed a new 
type of R. F. generator embodying an annular 
Cavity resonator operating in conjunction with a 
plurality of tube units, whereby the power out 
puts of the individual tube units are combined 
Without appreciable loss. 
The Object of my present invention is to pro 

Vide an irnproved resonator construction for such 
a multiple unit tube generator. 
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 Iny invention as I may adopt variant enabodi 
ments thereof Within the scope of the claims. 

Referring to the drawings: 
Figure 1 is a vertical sectional view of a power 

amplifier einbodying the improvements of any in 
vention; and 

Figure 2 is a transverse sectional view taken in 
a piane indicated by the line 2-2 of Figure 1. 

In terms of broad inclusion, the radio-fre 
quency generator of my invention comprises a 
plurality of electron tube units disposed in a 
circle about all axis, and a pair of annular cavity 
reSCnators coaxial with the circle and having 
Conductors connected to electrodes of the tube 
units, each resonator comprising two communi 
cating aninular cavity Sections. As embodied in 
an amplifier, one of these cavity resonators func 
tions as the input circuit, and the other as the 
Output circuit, means being provided for feeding 
R. F. power into and out of the resonators, and 
means being provided in the resonators for 
tuning them to the resonant frequency. In the 
'eSonator construction of my present invention, 
One cavity Section of the output resonator and 
both cavity Sections of the input resonator ex 
tend downwardly from a plane defined by the 
circle of tube units, the other cavity section of 
the output resonator extending upwardly from 
Such plane. In other words, one of the cavity 
Sections of the output resonator is folded down to 
lie alongside the cavity sections of the input, 
resonator. By this arrangement, the amplifier 
can be designed so that the tube units are ex 
posed externally rather than being confined by 55 
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the cavity structure. This construction not only 
makes it more convenient to service the equip 
illent and replace the tubes, but also makes it 
pOSSile to use a Symmetrical transmission line 
and Coupling System for feeding power into and 
out of the generator, 
In greater detail, and referring to the drawings, 

iny ingroved R. F. generator constructed as an 
animplifier comprises a plurality of electron tube 
units disposed in a circle about a common axis, 
Which tube units are of like structure and have 
like characteristics. While four tube units are 
shown, it is understood that any desired number 
may be employed, depending upon the power 
output required. Any conventional type of 
negative grid electron tube may be used for the 
Units i the triode type of tube illustrated hav 
iing a cathode 2, grid 3 and anode 4, the anode be 
ing external and all the electrodes being prefer 
ably cylindrical and coaxial. 
The tube units employed also preferably have 

coaxial terminals for the electrodes, such as the 
cathode terminal 8 opposite the anode and the 
grid terminal ring interposed in the glass en 
Velope wall between the cathode terminal and 
anode. ihe heating structure for the cathode is 
riot Shown but may comprise any suitable means 
Slich as an inner filament for heating the cath 
Ode cylinder 2 by electron bombardment, in 
which case the filament leads preferably extend 
out through the tubular cathode terminal 6. 
The amplifier has a pair of annular cavity 

resonators common to the tube units , function 
iing as the input and output resonant circuits for 
Such units. Each resonator has two communi 
cating annular cavity Sections arranged coaxially 
With the circle of tube units, thus the input 
resonator has the two annular cavity sections 8 
and 9 cominunicating through Spaces between 
the lower portions of the tube units, and the out 
put resenator has the two annular cavity Sections 
í í and í 2 communicating through spaces be 
tween the upper portions of the tube units. This 
symmetrical arrangement of the cavity reson 
ators with respect to the tube units is an in 
ºcortant feature in my R. F".generator. 
The two cavity Sections 8 and 3 of the input 

resonator extend downwardly from a plane de 
fined by the circle of tube units, say a plane pass 
ing through the mid-portions of the units . 
Cavity section 2 of the output resonator also ex 
tends downwardly from such plane and Sur 
rounds the input, resonator, while the other cav 
ity Section. of the Output resonator extends up 
wardly from the plane of the tube circle. 
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In my earlier application, hereinbefore men 
tioned, both cavity sections of the output reson 
ator extend upwardly, which is entirely satisfac 
tory electrically but makes it hard to get at the 
tubes. By folding down the outer cavity sec 
tion of the output resonator, as shown in Figure 
l, it will be seen that the tube units are eXposed 
on a deck of the amplifier, which is a more con 
venient and desirable arrangement from the 
mechanical Standpoint. 
The several cavity sections of the resonators 

are definited by metallic boundary Walls or con 
ductors which make up the physical Structure of 
the amplifier. As illustrated, the input resonator 
comprises four concentric Wall conductors i3, 

, 9 and , the inner wall conductors 6 and 
A being shorter than the conductors 3 and 4. 
his forms the annual cavity Section 9 between 

the Wails 3 and i6, and the Secondi annular 
cavity section 8 between the walls í f; and í í. The : 
shorter walls are connected across the top by a 
metal ring 8, these pairtS comprising an inner 
conductor of the resonator. This inner con 
ductor is connected to the cathode 2 of each of the 
tube units, preferably by having Cathode termi 
has 6 Seated in apertures or SocketS in the ring 
8. Suitable leads for the cathode heater means 
may conveniently extend out through the hollow 
Space formed between tile inher walls 6 and Í'. 
A transverse conductor member or metal disk 
9 extends across the top of the input resonator 

in the plane of the grid terminal rings and is 
connected to the cylinder 3. 
conductor comprises the top wall of the input 
cavity 8-9 and also forms a common dividing 3 
wall between the input and output resonators. 
It is connected to the grid 3 of each of the tube 
units, preferably by having the grid terminal 
rings Seated in apertures or sockets spaced 
about the disk 9. Cavity sections 8 and 9 of the 
input resonator are thus connected about their 
circumference by the communicating space 
formed between the transverse wail members S 
and 9. 
The annular cavity sections of the output 

resonator are defined by a cylindrical wall 2 

This transverse. 

4 
servicing the equipment. Connection of the 
anodes 4 to the transverse deck plate or con 
ductor 2 is preferably made by terminal rings 
25 on the anodes of a size to seat down on the 
deck 24. Coolers. 27 on the anodes are placed 
above the anode terminal rings 26. These cool 
ers may be of the finned type for forced air cool 
ing as illustrated, or may be suitable jackets for . 
water cooling the anodes. In either case the 
coolers are exposed for convenient connection of 
air or water ducts. The apertures in the trans 
verse conductors 24, 9 and 8 are of a size to . 
permit, withdrawal and replacement of the tube 
unitS. 
The several cylindrical conductors of the 

resonators are held mechanically in position by 
rings 23, 29, 33 and 3 of suitable insulating ma" 
terial located between the conductors at the top 
and bottom of the generator. Any suitable metal 
such as brass may be used for the various cylin 
drical and transverse conductors described. 
Adjustable means are provided for tuning the 

input and output resonators to control the 
resonant frequency. For this purpose a pair of 

5 movable annular metal plungers or rings 32 
and 33 are provided in the input resonator, 
forming end walls in the cavity sections 8 and 9 

40 

Surrounding the Wall 3 to form the cavity section 
2, and by a pair of upwardly extending cylin 
drical Walls 22 and 23 forming the cavity section 

. Wall conductors 2 and 22 are joined by a 
transverse Wall conductor 24 which is connected 
to the anode of each of the tube units. Cavity 
Sections and 2 of the output resonator are 
thus also connected about their circumference 
by the communicating space formed between the 
transverse Wall members 9 and 24. 

By this arrangement it will be seen that the 
cavity resonators are coaxial with the circle of 
tube units, and are disposed in such a manner 
that the tube units are located between - the 
annular cavity sections of the resonators, with 
the cathodes connected to a conductor of the 
input resonator, the anodes connected to a con 
ductor of the output resonator and the grids 
connected to a common transverse conductor be 
tween the resonators. This symmetrical ar 
rangement of the cavity resonators with respect 
to the tube units is an important feature as 

60 

pointed out in my earlier application hereinbefore - 
mentioned. 

It will also be noted that the folding down of 
the cavity Section 2 of the output resonator in 
iny present construction places the tube units 
on an open deck, which is a desirable feature 

from the standpoint of tube replacement, and 
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respectively. These plungers are slideably 
mounted on the inner wall conductors and 6, 
and axial adjustment is achieved by means of 
plunger rods 34 and 35 of insulating material 
projecting out through the supports 3 and 30. 
Thess rods may be connected externally to insure 
that the end plates 32 and 33 are adjusted in 
unison. Plungers 32 and 33 are preferably spaced 
from the wall conductors fi and 3 and have 
cylindrical flanges 36 and 3 so that the devices 
also function at chokes to confine the R. F. and 
isolate D. C. voltages. For this purpose the 
fianges 36 and 3 are made effectively a quarter 
wave long at the operating frequency, telescoping 
sleeves (not shown) being preferably provided 
on the flanges to adjust their length. 

In a like manner plungers 38 and 39 are pro 
5 vided in the cavity sections 2 and of the 
output resonator, which plungers are slideably 
mounted on the Wall conductors 2 and 22 re 
spectively and have flanges spaced from the walls 
13 and 23. These plungers thus serve as means 
for tuning the output resonator and as chokes 
for confining the R. F. and isolating the D. C. 
voltage, tuning adjustment being effected by the 
rods & and 42. The D. C. voltages may be applied to the tube 
electrodes in any suitable manner. In the ampli 
fier illustrated, which is essentially a grid 
separation type of circuit, the positive D. C. anode 
potential is applied by connection to the Outer 
conducting wall as indicated at 43, and the grid 
bias voltage is applied via the conductors f3-19 
by a grid bias resistor as indicated at 4. Suit 
able leads (not shown) for the cathode heaters 
for the several tube units are conveniently 
brought out through the hollow Space between 
the conductors 6 and . - 
Instead of using the tuning plungers as chokes, 

the D. C. voltages may be isolated by Suitable by 
pass condensers at the anode and grid terminals 
of the tube units, as Will be appreciated by those 
skilled in the art, in which case the tuning plung 
ers 32, 33.33 and 39 may be simple shorting bars 
Slideable along the conductor walls. This also 
has the advantage of removing the D. C. Voltage 
from the wall conductors of the generator, the 
anode voltage connections being made directly to 
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the anodes of the tubes. Of course the elec 
trodes are still connected for R. F. to the conduc 
tors of the resonators, it being understood that 
such connections may be established through Suit 
able bypass condensers as well as by direct con 
nection. 

Radio-frequency input driving power to the 
amplifier is preferably transferred to the input 
resonator from a suitable source of drive by 
means of a hollow transmission line 6, prefel 
ably of the coaxial type having an inner conduc 
tor 47 and an outer conductor 48. This trans 
mission line extends axially of the generator With 
the inner conductor 4 terminating at the trans 
Verse Wall conductor 9 and With the Outer con 
ductor conveniently formed as a, continuation of 
the innermost wall 4 of the input resonator. 
Energy coupling means between the transmission 
line and input resonator preferably cornprises a 
circular slot 49 formed by spacing the end of 
conductor 4 from the transverse conductor 9. 
The circular arrangerent of this coupling slot 
is desirable because it provides uniform coupling 
of energy from the transmission line to the an 
nullar input reSonator. 

Radio-frequency energy is preferably trans 
ferred from the output resonator to the load by 
a similar transmission line 5 comprising an in 
ner conductor 52 terminating at the transverse 
conductor 9 and an outer conductor 53 formed 
as a continuation of the innermost Wall conduc 
tor 23 of the output resonator. A circular slot 
54 serves to couple energy from the output reso 
nator to the transmission line. 
Other suitable means may be employed for 

transferring and coupling power into and out of 
the resonators, but the coaxial and symmetrical 
arrangement shown is highly efficient and is pre 
ferred. 

It is understood that the generator may be op 
erated as a Self-excited oscillator by eliminating 
the input transmission line 46 and by providing 
suitable feedback coupling means for establishing 
feedback of energy from the output resonator to 
the input resonator to Sustain oscillation. 

In my improved R. F. generator, operating 
either as an amplifier or as an oscillator, the 
overall diameter of the generator may be in 
creased indefinitely to accommodate an indefi 
nite number of tube units, depending upon the 
amount of power required. Furthermore, the 
multiple unit tube generator wil operate well in 
the higher frequency ranges, say above 500 
mcs./sec., without loss of efficiency compared to 
that obtainable from a single tube unit. The to 
tal power output from in tube units, as measured 
at the load, is substantially n times that obtain 
able from a single tube unit in an efficient single 
unit tube generator. 
While II have described my generator in con 

nection with triode units, it is understood that 
tube units having additional electrodes such as 
tetrodes may be employed, in which case addi. 
tional annular, coaxial and Symmetrical circuit 
members are employed. 
I claim: 
1. A radio-frequency generator comprising a 

plurality of electron tube units disposed in a 
circle about an axis and each having electrodes, 
and a cavity resonator common to the tube units 
and having two communicating annular cavity 
Sections, the resonator being coaxial with said 
circle and having a conductor connected to an 
electrode of each of said tube units, one of the 
cavity Sections of the resonator extending in one 

2 

6 
direction relative to the plane of said circle and 
the other cavity section extending in the oppo 
Site direction, and a second cavity resonator com 
no to the tube units and having tWO continuini 
cating annular cavity sections, the second reso 
nator being coaxial with said circle and having 
a conductor connected to another electrode of 
each of said tube units, both of the cavity Sec 
tions of the Second resonator extending in the 
Saine direction relative to the plane of said circle. 

2. A radio-frequency generator comprising a 
plurality of election tube units disposed in a 
circle about an axis and each having electrodes 
including an anode and cathode, an output cav 
ity resonator common to the tube units and hav 
ing two cornmunicating annular cavity Sections, 
the output iesonator being coaxial with said cir 
cle and having a conductor connected to the 
anode of each of said the units, one of the cav 
ity sections of the output resonator extending 
in one direction relative to the plane of said circle 
and the other cavity section extending in the 
opposite direction. and an input cavity resonator 
common to the tube units and having two com 
municating annular cavity sections, the input 
resonator being coa Xial with Saidi circle and hav 
ing a conductor connected to the cathode of each 
of Said tube units, both of the cavity sections of 
the input resonator extending in the same direc 
tion relative to the plane of Said circle. 

3. A radio-frequency generator comprising a 
piurality of electron tube units disposed in a 
circle about an axis and each having electrodes 
including an anode and Cathode and grid, an out 
put C3. Vity resonator common to the tube units 
and having two communicating annular cavity 
Sections, the output resonator being coaxial with 
Said circle and having a conductor connected to 
the anode of each of Said tube units, one of the 
cavity Sections of the output resonator extend 
ing in one direction relative to the plane of said 
circle and the other cavity section extending in 
the opposite direction, an input cavity resonator 
COmn On to the tube units and having two com 
Xiunicating annular cavity sections, the input 
resonator being coaxial with said circle and hav 
ing a conductor connected to the cathode of each 
of Said tube units, both of the cavity sections of 
the input resonator extending in the same direc 
tion relative to the plane of said circle, and a con 
ductive member common to said resonators ex 
tending transversely of said axis and connected 
to the grid of each of said tube units. 

4. A radio-frequency generator comprising a 
plurality of electron tube units disposed in a 
circle about an axis and each having electrodes 
including an anode and cathode, an output cavity 
resonator common to the tube units and 
having two communicating annular cavity sec 
tions, the output resonator being coaxial with 
Said circle and having a conductor connected to 
the anode of each of said tube units, one of the 
cavity Sections of the output resonator extend 
ing in One direction relative to the plane of said 
circle and the other cavity section extending in 
the opposite direction, an input cavity resonator 
Common to the tube units and having two con 
municating annular cavity sections, the input 
resonator being coaxial With said circle and hav 
ing a conductor connected to the cathode of each 
of Said tube unitS, both of the cavity sections of 
the input resonator extending in the same direc 
tion relative to the plane of said circle, an in 
put transmission line extending axially of the 
input resonator, an output transmission line ex 
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tending axially of the output resonator, and 
energy coupling means between each line and its 
resonator. 

5. A radio-frequency generator comprising a 
plurality of electron tube units disposed in a 
circle about an axis and each having electrodes 
including an anode and cathode, an output 
cavity resonator common to the tube units and 
having two communicating annular cavity Sec 
tios, the output resonator being coaxial with Said 
circle and having a conductor connected to the 
anode of each of said tube units, one of the 
cavity sections of the output resonator extending 
in one direction relative to the plane of Said 
circle and the other cavity section extending in 
the opposite direction, an input cavity resonator 
common to the tube units and having two com 
municating annular cavity sections, the input 
resonator being coaxial with said circle and hav 
ing a conductor connected to the cathode of each 
of said tube units, both of the cavity sections of 
the input resonator extending in the same direc 
tion relative to the plane of said circle, an input 
transmission line extending axially of the input 
resonator, an output transmission line extending 
axially of the output resonator, and energy 
coupling means between each line and its reson 
ator, said coupling means comprising circular 
slots communicating between the lines and the 
respective resonators. 

6. A radio-frequency generator comprising a 
plurality of electron tube units disposed in a circle 
about an axis and each having electrodes includ 
ing an anode and cathode, an output cavity 
resonator common to the tube units and having 
two communicating annular cavity sections, the 
output resonator being coaxial with said circle 
and having a conductor connected to the anode of 
each of said tube units, one of the cavity sections 
of the output resonator extending in One direc 
tion relative to the plane of said circle and the 
other cavity section extending in the opposite 
direction, an input cavity resonator common to 
the tube units and having two communicating 
annular cavity sections, the input resonator be 
ing coaxial with said circle and having a con 
ductor connected to the cathode of each of said 
tube units, both of the cavity sections of the 
input resonator extending in the same direction 
relative to the plane of said circle, and adjust 
able tuning means in the cavity sections of the 
input and output resonators for controlling the 
resonant frequency of Said resonators. 

7. A radio-frequency generator comprising a 
plurality of electron tube units disposed in a 
circle about a common axis, each tube unit hav 
ing a plurality of electrodes, an input resonator 
comprising a pair of communicating concentric 
annular cavity Sections extending axially and in 
the same direction from said circle, said input 
resonator having a conductor electrically con 
nected to an electrode of each of said tube units, 
an output resonator comprising a second pair (if 
communicating concentric annular cavity sec 
tions extending axially from said circle, one of 
the cavity Sections of the second pair extending 
in the direction of and Surrounding the cavity 
Sections of Said input resonator, and the other 
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8 
of the cavity sections of the second pair extend 
ing in the opposite direction and lying within the 
circle of tube units, whereby said tube units 
are readily accessible for testing and replaces 
ment, said output resonator having a conductor 
electrically connected to another electrode of 
each of said tube units. 

8. A radio-frequency generator comprising a 
plurality of electron tube units disposed in a circle 
about a common axis, each tube unit having 
anode, Cathode, and grid electrodes, an input 
resonator comprising a pair of communicating 
concentric annular cavity Sections extending 
axially and in the same direction from said circle, 
said input resonator having a conductor elec 
trically connected to the cathode of each of said 
tube units, an output resonator comprising a pair 
of communicating concentric annular cavity Sec 
tions extending axially from said circle, one of 
Said last named cavity sections extending in the 
direction of and surrounding the cavity sections 
of Said input resonator, and the other of said last 
named cavity Sections extending in the opposite 
direction and lying within the circle of tube units, 
whereby said tube units are readily accessible for 
testing and replacement, said output resonator 
having a conductor electrically connected to the 
anode of each of Said tube units, and a conductor 
common to said resonators and electrically con 
nected to a grid of each of said tube units. 

9. A radio-frequency generator comprising a 
plurality of electron tube units disposed in a 
circle about a common axis, each tube unit hav 
ing a plurality of electrodes, an input resonator 
Comprising a pair of communicating concentric 
annular cavity sections extending axially and in 
the same direction from said circle, said input 
resonator having a conductor electrically con 
nected to an electrode of each of said tube units, 
an output resonator comprising a pair of com 
municating concentric annular cavity sections 
extending axially from said circle, one of said last 
named cavity sections extending in the direction 
of and Surrounding the cavity sections of said 
input resonator, and the other of said last named 
cavity sections extending in the opposite direc 
tion and lying Within the circle of tube units, 
whereby said tube units are readily accessible for 
testing and replacement, said output resonator 
having a conductor electrically connected to 
another electrode of each of said tube units, said 
last named conductor comprising an annular 
deck plate transverse to said axis, said deck plate 
being apertured to receive said tube units. 
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