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This invention relates to radio frequency (RF.) appa 
ratus and more particularly to new and improved means 
for combining the operation and output of a plurality of 
space-charge control tubes. 
High power levels of microwave frequency electromag 

netic wave energy are customarily produced by such 
power tube devices as magnetrons, klystrons and travel 
ing wave tubes. However, these devices require quite 
high operating voltages and also require heavy magnetic 
fields for focusing or other operating effects on electrons 
within the devices. 
Microwave frequency electromagnetic wave energy 

may also be produced with space-charge control devices 
such as the planar electrode tube structures known to 
those skilled in the art. Such devices are operative with 
relatively low operating potentials, due to the close spac 
ing of electrodes within the devices, and require no mag 
netic field for focusing or otherwise influencing the elec 
trons. However, the power output of the space-charge 
control devices heretofore known in the art has been 
quite limited and is not comparable to the power levels 
produced by the other devices previously mentioned, such 
as magnetrons or the like. 

It is frequently desirable to have a source of relatively 
high power level electromagnetic wave energy which does 
not require the high operating voltages or the large mag 
netic fields of the magnetrons, klystrons, traveling wave 
tubes or the like. For example, such a source of power 
is quite desirable in microwave heating applications in 
cluding the electronic ovens presently being produced 
which utilize high frequency energy in the cooking of 
foods. However, the planar electrode space-charge con 
trol devices known in the art do not provide sufficiently 
high power levels to operate such devices and, accordingly, 
magnetrons have generally been used for this purpose even 
though they require high operating voltages and large 
magnetic iields. 

Also, when space-charge control tubes, such as triodes 
and tetrodes, are operated in “grounded grid” fashion, ra 
dio frequency energy is required to accelerate electrons 
from the cathode across the cathode grid gap. This results 
in an equivalent positive input conductance in shunt with 
the capacitive susceptance of the cathode-grid electrodes. 
Now, if a plurality of such tubes are to be operated in a 
periodically loaded waveguide resonator, the mentioned 
conductance will make the attenuation in the grid-cathode 
resonator high; and the radio frequency input signal will 
not appear equally at all tubes in the circuit. In order to 
avoid excessive attenuation and achieve more uniform ex 
citation of the tubes, the tube input admittance must be 
appropriately decoupled from the waveguide resonator. 

It is, accordingly, an object of this invention to pro 
vide a new and improved source o-f microwave frequency 
electromagnetic wave energy. 

It is another object of this invention to provide a new 
and improved source of microwave frequency electro 
magnetic wave energy which is operable from a relatively 
low voltage source and which requires no magnetic lield 
for operation. 

`It is yet another object of this invention to provide new 
and improved means for combining the operation and out 
put of a plurality of space-charge control electron dis 
charge devices including an input waveguide resonator 
periodically loaded by a plurality of such devices and 
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means for effectively decoupling the input admittance of 
the tubes from the resonator, thereby to avoid excess-ive 
attenuation and to achieve uniform excitation of the tubes 
by an input signal introduced into the waveguide reso 
nator. 

It is a further object of this invention to provide a de 
vice for combining the operation of a plurality of space 
charge control tubes in a manner which affords maximum 
mode separation and provides for substantially the total 
power handling capabilities of the number of devices so 
combined. 

Briefly stated, and in accordance with one embodiment 
of the invention, radio frequency apparatus is provided 
which comprises an input resonant waveguide and an out 
put resonant waveguide. A plurality of equally spaced 
space-charge control devices are mounted in the wave 
guides with the cathode-grid interaction gaps thereof cou 
pled to the input waveguide and the corresponding concen 
trically opposite grid-anode interaction gaps thereof cou 
pled to the output waveguide. The grid-anode gaps are 
coupled to the output waveguide in a longitudinal plane 
extending through the center of the output waveguide 
while the cathod-grid gaps are coupled to the input wave 
guide in a longitudinal plane which is laterally or trans 
versely spaced from the center of the input waveguide. 
Provided in each waveguide and each at a point midway 
between e-ach adjacent pair of control devices are a plu 
rality of passive capacitive elements. The waveguides are 
thus each periodically loaded by alternate active and 
passive capacitive elements and preferably the periodic 
spacing between adjacent elements is 1A the length of an 
electromagnetic wave in the waveguides when the wave 
guides are resonated at a predetermined frequency. The 
devices are biased in the usual manner known to those 
skilled in the space-charge control tube art and a stand 
ing electromagnetic wave of the aforementioned prede 
termined frequency is induced in the input waveguide 
by means of any suitable coupling device. The standing 
electromagnetic Wave in the input resonator controls the 
emission of electrons from the cathodes of the devices 
and the resultant density-modulated electrons traverse the 
grid-anode circuit and induce a corresponding standing 
electromagnetic wave in the output waveguide. Suitable 
means are provided for extracting electromagnetic wave 
energy from the output resonant structure. The off-center 
positions of the devices relative to the input waveguide 
effectively decouples the input admittance of the devices 
from the waveguide. If desired, the space-charge control 
devices can be either constructed integrally with the wave 
guides or as separate tubes detachably mountable in the 
waveguides. 
For a better understanding of my invention, reference 

may be had in the accompanying drawing in which: 
FIGURE 1 is a sectional view of apparatus constructed 

according to one embodiment of the invention; 
FIGURE 2 is a view taken along the sectional lines 

2_2. of FIGURE l and looking in the direction of the 
arrows; 
FIGURE 3 is an w-ß diagram showing a graphical rela 

tion between the frequency of operation of a periodically 
loaded waveguide and the phase shift per section of such 
a waveguide; 
FIGURE 4 is a sectional view similar to that of FIG 

URE l and shows a second embodiment of the inven 
tion; and 
_FIGURE 5 is a View taken along the lines 5_5 in 

FIGURE 4 and looking in the direction of the arrows. 
Referring now to FIGURE l, therein is shown radio 

frequency apparatus constructed according to one em 
bodiment of the present invention. This apparatus in 
cludes an input resonator 2 and an output resonator 3. 
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Each of the resonators comprises an electrically-shorted 
section of a substantially rectangular waveguide and the 
resonators are juxtaposed so as to have a common wall 4 
separating the resonators 2 and 3. The input resonator 
2 is provided with suitable input means, such as an induc 
tive coupling loop 2a, at one end and the output resonator 
3 is provided with suitable output means, such as an in 
ductive coupling loop 3a, at the opposite end. , 
From the outset, it is to be understood that the wave 

guides need not have a rectangular cross-sectional con 
figuration but «can be of any desired cross-section. Also, 
and as seen in FIGURE 2, the resonators 2 and 3 are 
not vertically aligned but -are relatively offset. The pur 
pose and advantages of this arrangement will be discussed 
in detail hereinafter. 
The upper and lower walls of the resonators 2 and 3 

are suitably `apertured to provide sever-al aligned equally 
spaced tube sockets therein. Positioned in such sockets 
are space charge control devices generally designated 5. 
Each device 5 comprises a suitable envelope structure 6 
and constitutes a triode including a cathode 7, a control 
grid 8 Iand an anode 9 which are suitably spaced and 
mutually insulated. The cathode 7, grid 8 and anode 9 
are provided with suitable coaxial contacts 11, 12 and 13, 
respectively, which, when the devices 5 are inserted in 
the sockets in the waveguides, make suitable coaxial elec 
trical contact with the respective walls of the waveguides. 
Specifically, the cathode contacts 11 engage the lower 
wall of the input waveguide 2, the grid contacts 12 en 
gage the intermediate, or common, wall 4 and the anode 
contacts 13 engage the upper wall of the output wave 
guide 3. In this manner the cathode-grid interaction re 
gions (7, `8), or gaps, of the tubes are coupled to the 
input waveguide for enabling energy exchange interaction 
between any electromagnetic wave in the input circuit 
and electron flow across the grid-cathode space or inter 
action gap. The grid-anode interaction regions (8, 9), 
or gaps, of the tubes are similarly coupled to the output 
waveguide for enabling inducement therein of electro 
magnetic Wave energy. It is to be understood from the 
foregoing that while the devices 5 are disclosed as discrete 
devices detachably mounted in the waveguide circuits, 
they could, if desired, be constructed integrally with the 
waveguides. In such a structure the complete assembly, 
including the waveguide sections, could be evacuated and 
hermetically sealed. 

Interposed midway between each adjacent pair of de 
vices 5 and yaligned therewith in both the input and out 
put waveguides is a passive, or dummy, capacitive ele 
ment 15. Each element 15 in the input section is sub 
stantially identical in capacitance value to each of the 
corresponding reaction gaps defined by the cathode-grid 
and each element 15 in the output section is substantial 
ly identical in such value to each corresponding grid 
anode gap of the devices 5. »It is to be understood that 
the capacitance values of the cathode-grid and grid anode 
values may be of different values dictated by the elec 
tronic of the devices 5. Also, the spacing between the 
outermost devices 5 and the end walls of the waveguides 
is the same as between adjacent devices 5 and dummy 
elements 15. Thus, the waveguides 2 and 3 are each 
uniformly periodically loaded with alternate active and 
passive capacitive elements. The elements 15 can be 
capacitors defined by upstanding conductive posts, as 
shown, or can be constructed in any suitable alternative 
manner. The electrical spacing between adjacent active 
and passive elements and between the end walls of the 
resonators and the outermost capacitive elements is pref 
erably 1A of the loaded waveguide wave length at a pre 
determined operating frequency which results in electric 
field maxima and minima being located, respectively, at 
the reaction gaps Iand passive elements. This general 
arrangement of input and output resonators periodically 
loaded with alternate active and passive capacitive gaps of 
equal value and operation such that the field maxima and 
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minima are located, respectively, at active and capacity 
gaps, does not constitute the entirety of the present in 
vention which is an improvement thereover, but is the 
invention disclosed and claimed in copending U.S. appli 
cation S.N. 173,724 of M. R. Boyd et al. filed concurrently 
herewith and assigned to the same assignee as the present 
invention. The present invention involves the combina 
tion of space-charge control devices and such periodically 
loaded resonators, but also means for avoiding excessive 
attenuation of an input signal in a periodically-loaded 
input resonator and achieving uniform excitation of the 
space-charge control devices by that input signal. 
The operation of the above-described apparatus is as 

follows: The space-charge control devices are operated 
in a grounded grid fashion, inasmuch as the control grids 
for the devices are directly connected to the walls of the 
resonators. An accelerating direct current field is estab 
lished lbetween each of the grids 8 and the associated 
anodes 9 in any suitable manner (not shown). The 
cathodes 7 can -be energized in `any suitable manner, as 
by the filamentary heaters schematically shown, and so as 
to emit electrons under the infiuence of an electric field 
of the proper polarity. An input signal is supplied to in 
put resonator 2 through the input loop 2a, with the input 
signal establishing a standing electromagnetic wave of 
the aforementioned predetermined freqeuncy in the input 
resonator 2. Inasmuch as the end portions of the reso 
nator 1 are short circuited, whereby an electric field 
minimum must there exist, electric field maxima are es 
tablished at each of the cathode-grid gaps and electric 
field minima `at each of the passive elements 15. An 
alternating electric field in accordance with the input sig 
nal and of maximum magnitude is established between 
each of the cathodes 7 and its respective associated con 
trol grid 8. Electrons are emitted from each of the 
cathodes under the influence of the positive half cycles of 
the alternating signal thereby established and these elec 
trons pass through the control grids and enter the grid 
anode gaps wherein they are subjected to the accelerating 
direct current field therein. Thus, bunches of electrons 
are delivered to each of the anode members in accordance 
with the standing input signal wave in the resonator 2 and 
these bunches of electrons induce a corresponding electro 
magnetic wave in the output resonator 3. The energy ex 
change between the bunches of electrons and the induced 
electromagnetic wave in the grid-anode gaps delivers elec 
tromagnetic Wave energy to the wave, in a manner well 
known to those skilled in the space-charge tube art. Elec 
tromagnetic wave energy can be extracted from the output 
resonator 3 through the output coupling means 3a. 

In the above-discussed operation the passive capacity 
elements 15 serve to maintain the desired operation 
wherein the electric field maxima occur in the resonators 
at the interaction gaps of the space charge control devices 
5. Also, the described periodic loading serves to afford 
maximum mode separation. This latter function will 
be better understood from a discussion of the propagation 
and wave-supporting characteristics of the periodically 
loaded waveguides provided in the above-described struc 
ture. In such structure an electromagnetic wave in either 
of the resonators 2 and 3 is presented with periodically 
arranged capacitances in the form of either the cathodes 
grid gaps and the passive elements 15 in resonator 2 or 
the grid-anode gaps and the passive elements 15 in reso 
nator 3. Thus, each of the resonators 2 and 3 is, in 
effect, an electrically-shorted section of a periodically 
loaded waveguide with the periodic loading afforded by 
alternate interaction gaps of space-charge control tubes 
and passive capacitive elements. 
FIGURE 3 is -an w-ß diagram and shows the graphical 

relation of the phase shift per section of matched peri 
odically-loaded waveguides as a function of the frequency 
of an electromagnetic wave within one of such wave 
guides. As seen in FIGURE 3, each of the loaded wave 
guides has alower limit of frequency, or lower cut-off 
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frequency, below which energy will not be propagated 
therethrough. As the frequency increases above the 
lower cut-off frequency, propagation becomes possible; 
and if the frequency is continuously increased above cut 
off, a frequency will ultimately be reached where the 
spacing between adjacent periodic capacitances in the 
periodically-loaded waveguide becomes equal to half of a 
waveguide wavelength. At this frequency, the phase shift 
between adjacent capa-citances is equal tol 1r radians. 
The reilection from a capacitance then reinforces the re 
flection from the immediately preceding periodic capaci 
tance land the overall effect in a long waveguide is total 
reflection and no propagation. The matched periodically 
loaded waveguide thus serves as a band-pass filter for 
frequencies between these upper and lower cut-olf fre 
quencies. The matched periodically-loaded waveguide 
also has pass bands and stop bands at higher frequencies, 
but they are of no interest for the present discussion. 

While the matched periodically-loaded waveguide can 
support an electromagnetic wave having a frequency of 
yany value within the pass band, an additional limitation 
exists when the periodically-loaded waveguide is made 
resonant by terminating the ends in short circuits, as is 
the case for the above-described resonators. Resonance 
occurs in the short-circuited periodically-loaded wave 
guides only at those frequencies in which the structure 
is an integral number of loaded guide half wave lengths 
long and in such waveguides the total phase shift along 
the guides must thus be an integral multiple of 1r. In 
other words, resonance occurs only at frequencies at 
which the difference in phase of the wave at two adja 
cent periodic capacitances is vrn/N Where N is the num 
ber of sections into which the line is divided by the 
periodic capacitances and n is an integer in the interval 
w=I to n=N. Thus, lf_he resonators 2 and 3 are capable 
of supporting electromagnetic waves only of the frequen 
cies indicated at positions 16-23 of FIGURE 3, with 
each of these frequencies having a phase shift per sec 
ÍÍOII Of vr/S, 11"/4, 31r/8, '1r/2, 51r/2, 31r/4, 71r/8 and 1r r3. 
dians, respectively. It is noted that all of these frequen 
cies lie between the lower cut-olf frequency and the upper 
cut-0E frequency of the lirst pass band of the periodi 
cally-loaded waveguide. 

It is known that maximum energy transfer between an 
electromagnetic wave and an interaction gap occurs when 
electrons see the greatest possible integrated electric íield 
when passing through the gap. As mentioned above, the 
described loading Iincluding alternate lactive and passive 
gaps and operation of the apparatus at the mentioned 
predetermined frequency are effective for maintaining the 
apparatus operative stably in the 1r/2 mode in which the 
electric field maxima in the waveguides coincide with 
the positions of the interaction gaps. Thus, efficiency is 
maximized. Also in the 1r/2 mode maximum mode sep 
aration is obtained. Additionally, the described opera 
tion enables the production of high power output with 
the low voltages at which the space-charge control de 
vices 5 characteristically operate. This enables power 
production at levels which are generally not attainable 
with such devices. Also, it minimizes power supply re 
quirements. 
When space-charge control tubes are operated in `a 

grounded grid fashion, as is the case in the operation 
of the above-described apparatus, radio frequency energy 
accelerates electrons from the cathodes of the tubes across 
the cathode-grid interaction region. This results in «an 
equivalent positive input conductance in shunt with the 
capacitive susceptance of the cathode-control grid elec 
trodes. If, as in accordance with the present invention, 
a plurality of such tubes are operated in a periodically 
loaded input waveguide resonator, this conductance tends 
to make the attenuation of the input resonator high and 
cause the input radio frequency signal not to appear 
equally in all of the interaction regions defined by the 
cathodes and the respective control grids. The above 
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described offset arrangement shown in FIGURE 2 lo 
cates the tube interaction gaps and passive elements there 
between on a line spaced parallel to the center line of 
the input Iwaveguide. This avoids excessive attenuation 
and achieves uniform excitation of the several tubes by 
decoupling the individual unit input admittances from 
the input waveguide resonator 2. The output resonator 
3 is centered about the control grid-anode interaction rc 
gions of the devices 5 in order to achieve maximum 
energy transfer from the passing electrons to the stand 
ing electromagnetic Wave therein, thus to achieve maxi 
mum gain and efficiency. 
FIGURE 4 shows a cross-sectional view of another 

embodiment of the invention. The apparatus shown 
therein includes input and output resonators 25 and 26, 
respectively, similar to the resonators of the structure 
of FIGURE l, but the resonators of FIGURE 4 are sup 
ported in spaced parallel relation rather than being juxta 
posed and having a common wall, as is the case in 
FIGURE 1. 
The resonators 2S and 26 include input and output 

coupling means shown as inductive loops designated 25a 
and 26a, respectively. Also, each resonator comprises 
an electrically-shorted section of waveguide and is suit 
ably adapted for having tetrode-type space-charge con 
trol devices 27 mounted therein. Each device 27 com 
prises a suitable envelope structure 28 containing a cath 
ode 29, a control grid 30, a screen grid 31 and an anode 
32, which electrodes are suitably spaced and mutually 
insulated. The cathode 29, control grid 30, screen grid 
31 and anode 32 are provided with suitable coaxial con 
tacts 33, 34, 3S and 36, respectively, which, when the 
devices are mounted in the waveguides, make suitable co 
axial electrical contact with the respective walls of the 
waveguides. Specifically, the contacts 33 and 34 engage 
the lower and upper walls, respectively, of the input 
waveguide 25 and the contacts 35 and 36 engage the 

, lower and upper walls, respectively, of the output wave 

40 
guide 26. Thus, the cathode-control grid interaction 
regions, or gaps, of the tubes are coupled to the input 
waveguide for interaction between any electromagnetic 

Í wave energy therein and electron flow across the cathode 

45 

control grid gap. The screen grid-anode interaction re 
gions, or gaps, of the tubes are similarly coupled to the 
output 'waveguide for enabling inducement therein of 
electromagnetic wave energy. In this embodiment also, 

, the devices 27 can be either discrete detachable struc 
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tures as illustrated or, if desired, can be constructed in 
tegrally with the waveguides in a single evacuated and 
hermetically sealed device. 
The waveguides 25 and 26 are provided with passive, 

or dummy, capacitive elements 37 which are located in 
the same positions and serve the same functions as the 
capacitive elements 15 of the above described iirst em 
bodiment. Additionally, the same spacing is provided 
between the device 27 and passive elements 37 for pe 
riodically loading the waveguides in the same manner 
and for the same purpose as described above. 

Additionally, and as seen in FIGURE 5, the output 
waveguide 26 is centered about the screen grid-anode 
interaction regions of the devices 27 and passive ele 
ments 37 therebetween in order to achieve maximum 
energy transfer to the standing electromagnetic wave in 
duced in the output waveguide, thereby to achieve 
maximum gain and eñiciency. However, the input Wave 
guide ZS is offset relative to the output waveguide and 
thus the cathode-control grid interaction regions of the 
devices 27 and passive elements 37 therebetween are 
transversely spaced from the longitudinal center or axis 
of the input waveguide. In this embodiment also, the 
olf-center relationship serves to avoid excessive attenua 
tion of the input signal and achieves uniform excitation 
of the devices by that signal by effectively decoupling the 
individual unit input admittances from the input Wave 
guide. 
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The operation of the device of FIGURE 4 and 5 is as 
follows: An accelerating D.C. potential is established in 
any suitable manner (not shown) between the control 
grids 30 and screen grids 31. The cathodes 29‘ can be 
maintained at the same potential as the control grids 30 
if desired and the anodes 32 maintained at the same 
potential as the screen grids 31. An input signal at the 
above-mentioned predetermined frequency is induced in 
the input resonator 25 through input means 25a. Elec 
trons leave the cathode members 29 under the influence 
of the positive half cycles of the induced wave and the 
leaving electrons, in passing between the control grids 
30 and screen grids 31 are accelerated to a relatively 
high velocity and enter the interaction regions between 
the screen grids and the anodes 32 at this relatively high 
velocity. The passage of electrons through the interac 
tion region induces a corresponding standing electromag 
netic wave in the output resonator 26. Maximum en 
ergy transfer from the electrons in the screen grid-anode 
interaction regions to the electromagnetic wave in the 
output resonator is obtained if the electrons enter the 
interaction regions during the negative half cycles of the 
induced electromagnetic wave, whereby the electrons are 
decelerated a maximum amount and deliver, or surrender, 
the maximum possible energy to the electromagnetic 
wave. 

Either the triode apparatus of FIGURES 1 and 2 or 
the tetrode apparatus of FIGURES 4 and 5 can be oper 
ated in class C operation, so as to provide maximum 
eíïiciency, by providing suitable biasing means upon the 
cathode members of the devices therein. When so oper 
ated, the biasing voltage prevents electrons from leaving 
the cathodes except during the short portion of the input 
cycles centered about the positive crest of the alternating 
control-grid-cathode field. The electrons therefor enter 
the output resonators in discrete groups or bunches so as 
to provide the most eflicient energy transfer to the output 
resonator. 

Either of the devices of FIGURES 1 `and 2 or FIG 
URES 4 and 5 can be operated as an amplifier to amplify 
an input signal or can be operated as an oscillator so as 
to constitute a source of electromagnetic wave power. 
Any of the suitable feedback arrangements known to 
those skilled in the art can be utilized in producing suitable 
oscillation in the devices. 
While the invention is thus shown and the modes of 

operation of speciñc embodiments described, the invention 
is not limited to use in these shown embodiments. In 
stead, the foregoing will suggest many modifications to 
those skilled in the art and which will lie within the spirit 
and scope of the invention. It is specifically intended that 
the invention include structures wherein the input and 
output resonators are relatively oífset both with and with 
out the passive members positioned between adjacent ac 
tive elements or devices. Also, the invention is not limited 
to use in structures having only four electron discharge 
devices mounted therein, `but can be used in a structure 
having any desired number of such devices. Further, the 
invention is not limited to use in structures in which the 
input and output resonators are straight sections of rec 
tangular waveguides, but can equally well be used in de 
vices in which the resonators are curved sections of wave 
guide and wherein the cross-sectional conñguration of the 
waveguide is other than rectangular. It is thus intended 
that the invention be limited in scope only by the ap 
pended claims. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
1. A multiple beam radio frequency apparatus compris 

ing a pair of parallel resonant input and output waveguides 
each periodically loaded by alternate space-charge control 
devices and passive capacitive elements, said devices each 
including a cathode-grid gap coupled to one of said wave 
guides and a correspondingly directly opposite grid-anode 
gap coupled to the other of said waveguides, means for 
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8 
establishing in said one waveguide a standing electromag 
netic wave having an electric field maxima occurring at 
each cathode-grid gap and a «minima occurring at each 
said passive element therein, whereby an amplified elec 
tromagnetic wave is induced in said other waveguide cor 
responding to said wave in said one waveguide and having 
electric field maxima and minima occurring, respectively, 
at said grid-anode gaps and passive elements therein, said 
waveguides being positioned in adjacent relationship so 
that the center line of one is in spaced parallel and trans 
verse relationship to the corresponding center line of the 
other, said space charge devices being positioned and ex 
tending into each said waveguide so that each said device 
is along the center line of said one waveguide but trans 
versely spaced from the said corresponding center line 
of said other waveguide and means for extracting radio 
frequency energy from said other waveguide. 

2. A multiple beam radio frequency apparatus com 
prising a pair of parallel resonant offset waveguides each 
periodically loaded by means including a plurality of 
alternate equally-spaced electric discharge devices and 
passive capacitive elements, said devices each including 
one interaction gap coupled to one of said waveguides and 
another corresponding opposite and concentric interaction 
gap coupled to the other -of said waveguides, said one in 
teraction gap being located off the center line of said one 
waveguide and its concentrically opposite interaction gap 
being located on the center line of said other waveguide, 
and means for establishing a «standing electromagnetic 
wave in said one waveguide and extracting energy from 
said other waveguide. 

3. A multiple beam radio frequency apparatus com 
prising a pair of parallel resonant offset input and output 
waveguides each periodically loaded by means including 
a plurality of equally-spaced space-charge control devices 
and alternate passive capacitive elements, said devices each 
including a cathode grid interaction gap coupled to said 
input waveguide and a grid-anode interaction gap coupled 
to said output waveguide, said cathode-grid gap being lo 
cated off the center line of said input waveguide and said 
grid-anode gap being located in said output waveguide in 
concentrically opposite relationship to said cathode-grid 
gap and on the center line of said output waveguide, and 
means for establishing a standing electromagnetic wave 
1n said input waveguide and extracting energy from said 
output waveguide. 

fl.l A multiple beam radio frequency apparatus com 
prislng a pair of parallel resonant elongated input and out 
put waveguides each periodically loaded by plural alter 
nate space-charge control devices and plural passive capac 
itive elements, said devices each including a cathode-grid 
gap coupled to said input waveguide at a point spaced 
from the center line thereof and an opposite correspond 
ing concentric grid-anode gap coupled to said output wave 
guide directly opposite said cathode-grid gap and, at the 
center line thereof, means for establishing in said input 
waveguide a standing electromagnetic wave having an elec 
tric field maxima occurring at each said cathode-grid gaps 
and a minima occurring at each said passive elements 
therein, whereby an amplified electromagnetic wave is 
induced in _said output waveguide corresponding to said 
wave 1n said input waveguide and having electric ñeld 
maxima and minima occurring, respectively, at said grid 
anode gaps and passive elements therein, and means for 
extracting radio frequency energy from said output wave 
guide. 
_ 5. A multiple beam radio frequency apparatus compis 
ing a pair of parallel resonant waveguides having a corn 
mon wall section, each said waveguide being periodically 
loaded by means including a plurality of alternate equally 
spaced space-charge control triodes, said triodes and pas 
sive gap elements each including a cathode-grid gap cou 
pled to one of said waveguides at a point spaced transverse 
ly from the center line thereof, and a grid-anode gap di 
rectly opposite said cathode-grid gap and coupled to the 
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other of said waveguides on the center line thereof, and 
means for establishing a standing electrmagnetic wave in 
said one waveguide and extracting energy from said other 
waveguide. 

6. Radio frequency apparatus according to claim 5, 
wherein the means for periodically loading said wave 
guides includes a passive capacitive element positioned 
midway between each adjacent pair of space-charge con 
trol triodes in each said waveguide, the capacitive ele 
ments in each waveguide being in concentric and opposite 
relationship to each other, and along the center line con» 
taining the said triodes. 

7. A multiple beam radio frequency apparatus com 
prising a pair of adjacent spaced parallel longitudinally 
extending waveguides, each said waveguide being period 
ically loaded by means including a row of a plurality of 
alternate equally-spaced space-charge control tetrodes and 
passive capacitive elements, said tetrodes each including a 
cathode-control grid gap coupled to one of said wave 
guides at a point spaced transversely from Ithe center lon 
gitudinal axis thereof and an opposite screen grid-anode 
gap coupled to the other of said waveguides along the 1on 
gitudinal axis thereof, and means for establishing a stand 
ing electromagnetic wave in said one waveguide and eX 
tracting energy from said other waveguide. 

8. A multiple beam radio frequency apparatus accord 
ing to claim 7, wherein the means for periodically loading 
said waveguides includes a row of passive capacitive ele 
ment positioned midway between each adjacent pair of 
space-charge control tetrodes in each said waveguides, 
the said capacitive element in each waveguide being in 
opposite and concentric relationship to each other. 

9. A multiple beam klystron apparatus comprising in 
combination, 

(a) a pair of adjacent input and output longitudinally 
extending waveguides of substantially rectangular and 
identical cross-section, 

(b) each of said waveguides being periodically loaded 
by a row of alternating equally spaced plural space 
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charge control devices and plural passive capacitive 
gap elements, 

(c) said waveguides being positioned in transverse olf 
set lrelationship to eachother, 

(d) each of said space charge control devices including 
a cathode-grid gap in said input waveguide and anode 
grid gap in said output waveguide, 

(e) said row of space charge control devices having 
the anode-grid gaps thereof positioned in a longitu 
dinal plane extending through the longitudinal axis 
of said output waveguide, 

(f) said row of space charge control devices having a 
cathode-grid gap thereof in concentric and opposite 
relationship to said anode-grid gap and positioned in 
said input waveguide -so that the said cathode-grid 
gaps are positioned in a plane extending through the 
longitudinal axis of said input waveguide and paral 
lel to the said longitudinal plane of said output wave 
guide, 

(g) means establishing a standing electromagnetic wave 
in said input waveguide having an electrical ñeld 
maxima occurring at each said space-charge control 
device ,and a minima occurring at each said passive 
gap element ltherein whereby an amplified electro 
magnetic wave is induced in said output waveguide 
corresponding to said wave in said input waveguide, 

(h) and output means for extracting radio frequency 
energy from said output waveguide. 
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