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Patented Dec. 18, 1951 2,578,699 

UNITED STATES PATENT OFFICE 
CAVITY RESONATORELECTRON 

DISCHARGEAPPARATUS 
William W. Hansen and Russell H. Varian, Stan 

ford University, Calif., assignors to The Board 
of Trustees of The Leland Stanford Junior 
University, Stanford University, Calif., a legal 
entity of California, 

Application December 6, 1943, Seria No. 513,002, 
which is a division of application Serial No. 
291,652, August 24, 1939. Divided and this ap 
pication October 3, 1947, Serial No. '77,80 

i 
This invention relates to holloW cavity resona 

tor electron discharge apparatus and is particu 
larly concerned With Structural and circuit im 
proVermentS in Such apparatus. 
This is a division of our Patent No. 2,460,288 

for Resonator Apparatus, filed December 6, 1943, 
as a division of application Serial No. 291,652, 
filed August 24, 1939, for Dielectric Guide Signal 
ing, now Patent No. 2,375,223. 

It is a major object of the invention to provide 
holloW cavity resonator electron discharge appa 
ratus having adjustable energy coupling arrange 
mentS. 
A further object of the invention is to provide 

novel holloW cavity resonator electron discharge 
apparatus Wherein a suitable member i8 shift 
ably mounted in the electromagnetic field of a 
hollow resonator device having an evacuated sec 
tion through which an electron beam is passed 
in such fashion that coupling of Said member 
With the field may be controllaby varied from 
outside the device without disturbing the vacuum 
Seal. 
A further object of the invention is to provide 

hollow cavity resonator electron discharge appa 
ratus wherein a shiftable conductive member 
terminating a high frequency transmission line 
extends within a hollow resonator for variable 
coupling with the high frequencyfield Within said 
resonator, that part of the resonator field with º 
Which Said member is coupled being Sealed off 
from the rerainder of the reSGinator interior by 
Vitreous or dike Wave-energy-permeable Wall 
means permitting said coupling. Specifically the 
coupling member may be rotatable for changing 
the amount of energy transfer between the trans 
mission line and said field. 

It is a further object of the invention to pro 
vide holloW resonator apparatus Wherein an 
evacuated holloWreSonator device is connected in 
a novel manner to an electromagnetic Wave 
energy conducting neanS through use of a 

- vitreous Seal. 
Further objects of the invention will presently 

appear as the description proceeds in connection 
With the appended claims and the anneXed 
draWings, Wherein: 

Figure 1 is a side elevation party diagrammatic 
and partly in section of holloW cavity resonator 
electron discharge apparatus embodying the in 
Vention as used for amplifying signals projected 
along a dielectric Wave guide; and 

Figure 2 is a Side eleVation of a futher en 

15 Claims. (CI. 315-39) 
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Sections are directly coupled to the resonators 
of an amplifier. 
The term “holloWº as used herein in describing 

resonators and dielectric or hollow-pipe Wave 
guides is of course intended to embrace all such 
resonators and dielectric or hollow-pipe Wave 
guides regardless of Whether the dielectric 
therein is air or some other medium. , 

Fig. 1 illustrates relaying apparatus including 
a holloWresonator device i forpicking up a sig 
nal traversing a Wave guide 2 from:left to right, 
amplifying the signal and then reradiating the 
Same for continued transmission along the Wave 
guide. This relaying apparatus includes direc 
tional discriminating means for receiving the 
signal to be relayed and forreradiating the sig 
nal after it has been amplified. The relaying 
apparatus is not responsive to signals coming 
from a direction opposite to its direction of sensi 
tivity and hence Will not cause interference With 
signals traversing the guide in that opposite 
direction. Ordinarily a similar relaying device 
With opposite directional characteristics is em 
ployed in the Wave guide forrelaying signals in 
the Opposite direction, as described and claimed 
in said Patent No. 2,375,223. 
Spaced signal receiving means. 3 and i?, Which 

may be of any Suitable type Such as the illus 
trated dipole antennae, are suitably located in 
wave guide 2. A phase shifter designated at t 5 
is supplied from antenna, 3, While an amplitude 
adjuster designated at 6 is Supplied from an 
tenna, 4. The outputs of the phase shifter and 
amplitude adjuster are combined as illustrated in 
holloW resonator device i Which is an ultra 
high-frequency amplifier. The output of ampli 
fier i fis supplied through a second phase shifter 
i 7 and amplitude adjuster 8 to reradiating an 
tennae l9 and 2. 
Phase Shifter i5, connected to receiVingan 

tenna, 3, is illustrated as a concentric tranSmis 
sion line Which is adjustable asto length. A con 
centric line portion 22 Which is shiftable aXially 
of Wave guide A2 extends through an opening 23 
provided in Wave guide i 2 and has dipole 3 con 
nected With its upper end. The lower end of con 
centric line portion 22 is provided With a female 
Socket for telescopingly receiving the upper end 
of a relatively fixed concentric line portion 24. A 
screw 25 having a knob 26 is threaded into a 
bracket 27 fixed on Wave guide i l. Screw 25 is 
rotatablymounted on a lug28 integral With line 
portion 22, and is otherWise so connected With lug 
28 that rotation of knob 26 varies the aXial dis 

bodiment of the invention wherein wave guide 55 tance between dipoles 13 and 4, therebyvarying 
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thephase difference between these dipoles with 
in the Wave guide. The concentric line connect 
ing dipole i 3 to amplifier I A is thereby changed 
in length So that rapid changes in phase of the 
outputs of the two dipoles as supplied to the 
amplifier may be effected by adjusting phase 
Shifter 5. 

Concentric line portion 24 terminates in a con 
ductive loop 3 which is coupled to deliver 
energy to amplifier II as will be described. 
Amplitude adjuster 6 comprises an upper 

concentric line portion 32 connected to receiving 
antenna, 4 after extending through a suitable 
aperture in Wave guide 2. The loWer end of 
line portion 32 is formed as a female socket i 
Which is rotatably connected with the mated 
upper end of a, short concentric line portion 33 
having a manual operating knob 34. At its lower 
end concentric line portion 33 terminates in a 
conductive loop 35 Which is coupled to deliver 
energy to amplifier I as will be described. Thus 
loop 35 is rotatably mounted with respect to 
the concentric line between antenna, 4 and am 
piffer 

Amplifier i preferably is generally of the 
caScade type disclosed in United States Letters 
Patent No. 2,280,824, issued April 28, 1942. Am 
plifler il comprises a plurality of aligned inter 
connected dielectric or cavity resonators 36, 37 
and 38 Which are evacuated. Within a vitreous 
insulating cup 39 at one end of the amplifier 
is provided a cathode 40 surrounded by a focusing 
shield 4, said cathode being indirectly heated 
by a heater coil 42 that is supplied from the bat 
tery 43. The electrons released by the cathode 
40 are drawn in a columnar stream by a strongly 
positive grid 44, which grid is held positive with 
respect to the cathode by a battery 45. Note 
that the positive side of the battery 45 is ground 
ed, Which is also true of the casing of amplifier 

f, to which casing grid 44 is connected. The 
electron stream drawn through grid 44 passes 
through subsequenti pairs of grids 46, 47, 48, 49, 
and 5, 52, constituting grids of hollow reso 
nators 36, 37 and 38, respectively. Afterleaving 
grid 52, the electron stream passes through ad 
ditional inclined parallel grids 53 and 54 to a 
collector and detector plate 55. 
Loops 3 and 35 are both disposed within input 

resonator 36, so as to be coupled in energy ex 
changing relation with the electromagnetic field 
of the resonator as Will be described. A Suitable 
Vacuum tight sealed joint employing a body of 
Vitreous material as indicated at 56 is provided 
Where concentric line portion 24 is joined to 
reSonator 36. 
A partition 57 of vitreous material is provided 

Within resonator 36 so as to seal off that section 
of resonator 36 within which rotatable loop 35 
is disposed from the remainder of the resonator 
interior. Partition 57 is of coursé made of a 
material Which is permeable to the resonator 
field and permits the resonator field to couple 
With loop 35. As illustrated, partition 57 pro 
Vides an outwardly facing pocket accommodat 
ing loop 35. 

Resonator 36 is also provided with a frequency 
control device indicated at: 58 comprising a glass 
Orlike vitreous pocket or envelope 59, the closed 
end of Which extends Well into the interior of 
resonator 36. The open outer end of pocket 59 
is Sealed off along the edge of a suitable aper 
ture in resonator 36, as illustrated, so as to be 
Vacuum-tight. A metal plug 6 is suitably 
mounted for longitudinal advance or retraction 

4 
Within pocket 59, as by rotation of nut 62. Sim 
ilar frequency control devices 63 and 64 are pro 
vided on resonators 37 and 38, respectively. 
Within output resonator 38, conductive loop 

65 is disposed in a section of the resonator Which 
is Sealed off from the remainder of the reSonator 

i interior by a vitreous partition 66 similar to 
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partition 57. Loop 65, like loop 35, is rotatable 
for variable coupling with the associated reso 
nator field. Manual knob 67 of amplitude ad 
juster 8, Which is structurally the same as am 
plitude adjuster i 6, is provided for Selective ro 
tation of loop 65. Loop 65 is thus connected 
to transmitting antenna, 2 in the Same manner 
that loop 35 is connected to receiving antenna, 
3. 
In like manner conductive loop 68 Within res 

Onator 38 is connected to transmitting antenna, 
9 through phase adjuster 7 Which is identical 

in construction and operation to phase adjuster 
5. 
Thus in each of resonators 36 and 38, the elec 

trically conductive inner Surfaces of the reso 
nators substantially define envelopes bounding 
the electromagnetic fields. The conductive loops 
and shiftable frequency control elementS are all 
atleast in part disposed Within the physical con 
fines of those envelopes, for coaction With the 
fields. The rotatable coupling loops are dis 
pOSed in non-evacuated sections of the envelopes. 
AS illustrated loops 35 and 65 may be inserted 

into or WithdraWn from their associated reso 
nators Without impairing the Vacuum Seal of the 
reSOnatOS. 

During operation, the indicated Wave energy 
traveling along Wave guide f2 from left to right 
is picked up by receiving means 3 and 4 and 
delivered to resonator 36 in in-phase relation. 
This received energy Serves to excite resonator 
36 in Such mode that an alternating currenti elec 
tric field is established Within reSonator 36 and 
between grids 46 and 47, the said electric field 
Serving to alternately impart positive and neg 
attive accelerations to Successive electrons of the 
stream passing therebetween; thereby causing 
the electrons of the stream to traverse the Space 
between reSonator 36 and the next reSonator 37 
With cyclically Varying velocities. The faster 
electrons Which passed through the electric field 
later than the preceding electrons Will tend to 
Overtake the latter in the interSpace between 
reSonator 36 and resonator 37, So that by the 
time the electron stream has arrived at grid 43, 
the stream Will have a slight periodic variation 
in electron density at the frequency of the field 
between grids A6 and A. 

If intermediate resonator 37 is properly tuned, 
Which is accomplished by tuning means 63, an. 
alternating electric field Wi be established be 
tween grids 48 and 49, Which is much stronger 
than that existing between grids 6 and 47, With 
the result that the Successive electrons Will re 
ceive much larger Variations in velocity than that 
previousy pOSSeSSed, thereby effecting Still great 
erbunching and correSponding increaSe in vari 
ation in electron density during paSSage through 
the Space betWeen resonators 3 and 38. Sim 
ilarly, the entrance of the stream of variable 
electron density into resonator 38 establishes a 
strong alternating electric field between grids 
5 and 52 Which acts to retard the electrons 
So that they do work upon this field and thereby 
maintain the alternating electromagnetic field 
Within resonator 38 and energy from the field 
ispicked up by loops 68 and 65 and reradiated 
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alog Wave Egide 2 by transmitting means 9 
and 2: * : : : : : : 

Grid 53, being at the potential of the positive 
side: of:battery:45, aidsinmaintaining thestream 
in columnar form, Whereas inclined grid r54 is 
preferably Imairitained at a potentialinearthat 
of the cathode. Ehisis accomplished by use of 
potentiometer ?i9 and battery i connected to 
cathode lead 72. With grid (54rat this;potential, 
most of the elections sare reflected back and to 
one side, and Only the Speededatptelectrons Will 
paSS through this grid. Thus, as the change in 
electron velocity increases, moreandmoreof the 
faster electrons Will reach plate 55 beyond grid 
54, While fewer of the sloWer selectrons Will reach 
this plate. The curent-therefore reaching plate 
55 increases as the amplitude of oscillations in 
the hollow resonator device increases, So that 
said device as a whole serves as a cascade ampli 
fler and detector. - 
The detected signal on the plate 55 is more 

negative the stronger, the oscillations become. 
Looked atinanother way, as thecurrent:through 
the plate circuit increases, thedrop acrossaire 
sistor73 in the plate circuit increases, thereby 
lowering the potential at the plate, whichis 
shown connected througha biasing battery 4 
and lead 75 to a grid 18 positioned in front of 
emitter 40. Thus the potential of grid 76 is cor 
respondingly lowered, effectinga decrease in the 
current passing through the device due to the 
repellent action of the grid 76 on the electron 
Stream. Thus, since plate 55 beconnesmore neg 
ative as the signal intensity increases, grid 
acts as an automatic volume control servingto 3 cut down the currentin the device and thereby 
the gain When the amplitude of oscillatiera in 
C88S8S. : "... : , . 

As above described, the tuning devices sup 
plied to each resonator consist of vitreousen 
velopes 59 that extend into the resonators and 
prevent the admission ofairthereinto. Theposi 
tion in which the envelopes 59 and the associated 
metal plugs project into the resonators has an 
important bearing on the tuning. If the metal 
plugispositionedina part of the resonant cavity 
containing essentially electric field, the plug 
serves to increase the capacity of the ciri 
that the resonant frequency Will be decreased, 
whereas if this plug is inserted in a region con 
taining mostly magnetic field, it reduces the total 
volume of magnetic field since the plug contains 
no field, whereby the inductance will be de 
creased and the frequency will be increased. It 
is therefore possible tofind an intermediate point 
Where the mere presence of the plug Will not 
affect the frequency. As illustrated in Figure 1, 
the metal plugsare located where the magnetic 
field is strong. As the plugs are moved in and 
out, controlled changes in the resonant frequency 
of the resonators is obtained, thereby allowing 
the various resonant chambers 36 to 38 to be 
tuned to the incoming signal. . . . . . . 

Rotation of loop 35 by manipulation of knob 
34 alters the number ofmagnetic lines of alter 
nating current flux resonant in hollowresonator 
33 that are enclosed by the loop, thereby vary 
ing the intensity of the signal that isset up in 
resonator 36 by a given signal passing along wave 
guide f2 from:left to right. Similary, rotation 
of loop 65 by rotation of knob 6 varies thein 
tensity of the amplified signal delivered to wave 
guide 2. ' , 

Thus energy traveling from leftto right along 
Wave guide 2 ispicked upby receivingantennae 
3, 44 and deliveredito cascade amplifier-14. "The 
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6 
amplified signalisintuneradiated in the orig 
inal direction alongWavesguide l 2 from:antennae 
i 9, 2?. Suitable phase and amplitiude adjust 
ment:S are provided at:both theinputandoutput 
ofamplifieri, andanatutomatic Volume control 
is pr:0Vided for Waying the amplification in 
Vesely to Variations in amplitude of the receiVed 
signal. È . . . . 

Receiving antennae i 3 and 4 are preferably 
located about one-quarter Wave length apart 
Within-wave guide 2; that is, they are spaced 
a distance apartsuch that the waves received by 
antennae 3 and 4 -ate substantially 90° apart 
in phase due to the time consumed by the wave 
in traveling this distance. Phase shifter 5 is 
adjusted by turningits control knob 26 So that 
the electromagnetic Waves delivered therefrom 
to resonator.36are in phase, with the waves-de 
livered to resonator 36 from the amplitude ad 
juster 6 when the received electromagnetic 
waves are traveling from:left to right in wave 
guide 2. Thus, though the antennais dis 
placed one-quarter wave length from antenna 
13, the output of amplitude adjuster 63sphased 
with the signal received from thephase shifter 
5. Thus, the outputs of antennae 3 and 14 

are combined additively for supplying ultra 
high-frequency amplifieri. 

However, should a signal"be received by an 
tennae I 4 and 13 coming from the reverse di 
rection, that is, moving from right to left in Fig 
ure 1, then in that case the electromagnetic 
waves received at 3 will be 90° displaced later 
than those received at 4, and sincephase shifter 
5 and the connections shown act to retard the 
phase of the output of antenna 3 90º more, the 
output of thephase.shifter 5 will be directly out 
of. phase with that supplied resonator 36 from 
amplitude adjuster 6. Thus, these reversely 
moving signals will tendto canceleach other. If 
the amplitude of these reversely moving signals 
is made identical by adjusting the knob 34. of 
amplitude adjuster I6, the effect of the signal 
coming from the rightat-amplifier I will be zero 
due to the cancelling of the opposite signals. 
Thus, if receiving means 13 and 4 are approxi 
mately one-quarter wave length apart in the 
guide, their combined sensitivity in one direction, 
i.e., for signals moving from the left toward the 
right, Will be substantially a maximum, whereas 
for signalsmoving in the opposite direction the 
combined sensitivity will be zero. It is not es 
sential that these receiver meansbe exacty one 
quarter wave length apart, assome departure 
from this value will not appreciably affect the 
sensitivity of the system. Since it is necessary 
that the sensitivity of the apparatus to signals 
traversing the guide in the reverse direction 
should be as near zero as possible, the receiving 
meansare set up, in practice, as nearone-quarter 
wave length apart as convenient, or some odd 
multiple thereof, The final elimination of the 
sensitivity to flow in the wrong direction is ob 
tained by fine adjustment of the phase shifter 
knob 26 and the amplitude adjusterknob 34. 
Phase shifter 7 acts to retardthephase of the 

Wavesemitted from antenna i 9 by90° relative to 
thephase of the waves emitted from antenna2, 
Which is Spaced along wave guide 2 about one 
quarter wave length therefrom, so that by the 
time the waves from antenna 2 t have reached 
antenna 19, the combined waves are in phase for 
transmission along wave guide 2 toward the 
right. Antennael 9 and 2, on the other hand, 

5 are subtractivè intheiraction so farastransmis 

  

  



2,578,699 
7 

sion to the left is concerned. Thus, radiation 
from antenna 9, upon reaching antenna. 2, Will 
be displaced 90° from that which Would be re 
ceived at antenna, 2 were phase shifter 7 not 
used, but sincephase shifter 7 retards thephase 
by 90º more, the net result is to establish an 180° 
out-of-phase condition between the signal 
emitted at f 9 and that received at 2 i from 9, 
so that these two signals cancel out and hence 
do not traverse the wave guide toward the left, 
i, e, in the Wrong direction. Further action of 
the relaying and associated apparatus in connec 
tion with ultra-high-frequency energy transmis 
sionis disclosed and claimed in Said Patent No. 
2,375,223, to which reference is made for further 
detail. The present invention is concerned main 
ly with above-described features relating to the 
amplifier and associated arrangements. 
In Figure 2 an electron-beam-excited holloW 

resonator device 78 is directly connected between 
wave guide sections 79 and 8 to relay and simul 
taneously amplify a signal passing from left to 
rightalong the Wave guide. 

Device 78 ishere a two-resonator amplifer, em 
bodying a holloW input resonator 82 similar to 
input resonator 36 and an output resonator 83 
similar to output resonator 38 in Figure 1. Res 
onator. 82 is provided with spaced grids 84, 85 and 
resonator 83 is provided with spaced grids 86,87. 
Tuning devices 88 and 89, similar to that at 58, 
are provided for resonators 82 and 83. As indi 
cated by corresponding reference numerals, the 
various electrode and automatic volume control 
arrangementS are the Same in Figure 2 as in Fig 
ure 1. Device 78 has no intermediate cascade 
amplifierresonator such as that at 37 of Figure 
1 and hence operates similarly to the usual two 
resonator amplifier disclosed in United States 
Letters Patent No. 2,242,275. Hence amplifier 78 
is similar to amplifier , except for details of 
coupling to the Wave guide Which Will be de 
Scribed belloW. 
Output resonator 83 is formed With an energy 

output aperture i 88 sealed by a glass or like Wall 
89. The adiacent end of Wave guide section 8 

is slotted to permit passage of an apertured gate 
plate 9 having aperture 92 adapted to register 
With aperture 88. Thumb screw 93 opposing a 
Spring 94 is adapted to adjust plate 9 vertically 
to thereby Vary, the portion of the area of aper 
ture 92 that registers With aperture 88. Thus, by 
rotation of screw 93, the impedance of guide 8 
may be matched with the internal impedance of 
amplifier78. . 

A similar adjustable gate structure is provided 
between input wave guide section 79 and resona 
tor 82, as indicated by the corresponding refer 
ence numerals, for matching the impedance of 
guide section 79 to the input impedance of res 
Onator 82. 

In operation, energy from Wave guide section 
79 is delivered directly to excite resonator 82 and 
cause velocity modulation of the electron stream. 
Energy extracted from the electron stream by 
resonator 83 is delivered directly to wave guide 
section 8. Proper impedance match for best op 
erating conditions is attained by the adjustable 
gate structures, thereby insuring highly efficient 
performance. Hence signal energy traveling 
from left to right in Figure 2 is relayed and am 
plified at 8 With a minimum of losses. 

It, Will be understood that although the wave 
guide described herein has been illustrated as 
being of the hollow-pipe single conductor type, 
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8 
other types of guide such as dielectric guides Or 
other enclosed-field energy conducting Systems 
may also be used. 
Since many changes could be made in the above 

construction and many apparently Widely differ 
ent embodiments of this invention could be made 
Without departing from the scope thereof, it is 
intended that al matter contained in the above 
description or shown in the accompanying draW 
ings shall be interpreted as illustrative and not 
in a limiting sense. 
What is claimedis: 
1. High frequency apparatus comprising a 

hollow body providing a conductive envelope for 
enclosing an electromagnetic field, said body 
having an aperture in a wall thereof, a pocket 
vacuum-sealed to said body, said pocket having 
a closed inner end portion Within said envelope 
and having an open end facing Said aperture, 
and said pocket being permeable to said field, a 
movable terminal portion of a high frequency 
transmission line extending Within said pocket 
and having a conductive portion disposed in part 
Within said envelope for coaction With Said field, 
and means accessible externally of Said body for 
mOVing said terminal portion and Varying said 
coaction With Said field. 

2. The high frequency apparatus defined in 
claim. 1, Wherein Said terminal portion com 
prises a conductive coupling loop Which is rotat 
able for varying its coupling with said field. 

3. The high frequency apparatus defined in 
claim. 1, Wherein said terminal portion com 
prises a conductive coupling loop located within 
Said body at a region Where the magnetic field 
is strong and the electric field is weak, 

4. High frequency apparatus comprising a 
hollow resonator adapted to contain an electro 
magnetic field, a high frequency transmission 
line, means connecting said line to said resona 
tor comprising a conductive energy transfer 
member rotatably connected to said line and 
eXtending Within said field, means coupled to 
Said member for rotating said member, and 
means permeable to Said field Sealing off that 
portion of said resonator in which said mennber 
is disposed. 

5. High frequency apparatus comprising a 
holloW reSonator adapted to contain an electro 
magnetic field, a relatively stationary concentric 
conductor transmission line section, a rotary 
concentric conductor transmission line section 
connected between said resonator and said sta 
tionaryline section, a conductive energy transfer 
loop rigidly Secured on said rotary line section 
and coupled with said field, Whereby rotation of 
Said line Section produces corresponding rotation 
of Said loop, and a pocket permeableto said field 
for Sealing off that portion of said resonator in 
Which said loop is disposed. 

6. An electron discharge device comprising an 
evacuated hollow resonator adapted to contain 
an electromagnetic field, means in Said device 
for passing a stream of electrons through said 
field, a rotatable field coupling member having 
its inner end physically Within said resonator 
connected to said resonator so as to be readily 
removable With the vacuum seal of the resona 
torretained unimpaired, and means coupled to 
Said member for rotating said member for vary 
ing the coupling of said member with said field. 

7. An electron discharge device comprising an 
evacuated holloW resonator adapted to contain 
an electromagnetic field, means aligned with said 
resonator for passing a stream of electrons 
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through said field, a coupler inserted in said 
resonator With the inner end of said coupler 
Within said resonator and movable With the Vac 
uum Seal of the resonator retained unimpaired, 
and means attached to said coupler for moving 
Said coupler for varying its coupling With said 
field. 

8. An electron discharge device comprisingan 
evacuated holloW resonator adapted to contain 
an electromagnetic field, means disposed on one 
Side of Said resonator for passing a stream of 
electrons through Said field, a rotatable coupler 
having a loop at its inner end positioned physi 
cally Within the resonator So as to be coupled to 
said field, and means coupled to said loop for 
rotating Said loop Within said resonator With the 
Vacuum seal of the resOnator retained unim 
paired. 

9. An electron discharge device comprising an 
evacuated hollow resonator adapted to contain 
an electromagnetic field, a pocket formation 
Vacuum-sealed With reSpect to the reSonator 
body having a closed end projecting into the 
resonator and an outwardly directed open end, 
a rotatable coupler inserted in Said pocket for 
mation ha ving its inner end physically Within 
the resonator and novable and removable With 
the Vacuum Seal of Said resonator retained un 
impaired, means located exterior to said reso 
nator for rotating Said coupler, and means 
aligned With Said resOnator for passing an elec 
tron Stream through Said field. 

10. High frequency apparatus comprising a. 
concentric transmission line device having inner 
and outer conductors, a hollow resonator adapted 
to enclose a magnetic field, means adjustably 
coupling one end of Said device to Said resonator 
comprising a rotatable energy transfer loop con 
necting Said conductors and disposed Within the 
physical confines of Said reSonator, and means 
coupled to Said loop for rotating Said loop, so 
that rotation of Said loop varies the coupling be 
tween said magnetic field and said device. 

11. High frequency apparatus for connecting 
a high frequency energy device to a cavity reso 
nator coupled with an electron beam, comprising 
means for vacuously sealing a section of said 
reSonator traversed by Said beam, a rotatable 
energy transferloop connected to Said device and 
located in a nonevacuated section of said reso 
nator, and means coupled to a portion of said 
loop for rotating Said loop. 

12. An electron discharge device comprising, 
in combination an evacuated hollow resonator 
adapted to provide an electromagnetic field, a 
pOcket structure Vacuum-sealed to Said resonator 
having a closed end projecting within said reso 
nator and an outWardly facing open end, anda 
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movable conductive loop extending into said 
pocket structure through the open end thereof 
into coaction With Said field, and means in said 
device for moving Said loop for varying its coac 
tion With Said field While retaining Said Vacuum 
Seal of Said reSonator. 

13. High frequency apparatus comprising an 
evacuated hollow resonator, an aperture in said 
reSonator, means in Said apparatus permeable to 
electromagnetic energy vacuum-sealing said 
aperture, means adjacent Said resonator for con 
Veying electromagnetic energy, an adjustable 
coupling element at said aperture for coupling 
electromagnetic energy between said resonator 
and Said conveying means, and means accessible 
eXternally of Said resonator for manually ad 
justing said coupling. 

14. High frequency apparatus comprising a 
cavity resonator, an aperture in said resonator, 
meanS in Said apparais permeable to electro 
magnetic energy sealing said aperture, means 
adjacent said aperture conveying electromag 
netic energy, and an adjustable coupling ele 
ment at Said aperture for coupling said reso 
nator to said conveying means. 

15. High frequency apparatus comprising a 
Source of electrons, means for velocity modulat 
ing electrons emanating from said source result 
ing in grouping said electrons, means for extract 
ing electromagnetic energy from said grouped 
electrons, Said velocity-modulating means and 
Said energy-extracting means including a cavity 
reSonator, Said resonator having an aperture, an 
electromagnetic wave energy conducting means 
having an aperture, the aperture of said reso 
nator registering With the aperture of said con 
ducting means, and a vitreous vacuum seal posi 
tioned in the vicinity of one end of said conduct 
ing means, said seal being permeableto electro 
magnetic energy. 

WILLIAMI W. HANSEN. 
RUSSELLEH. VARIAN. 

REFERENCES CTED 
The folloWing references are of record in the 

file of this patenti: 
UNITED STATES PATENTS 

Number Nane Date 
2,106,771 SouthWorth --------- Feb. 1, 1938 
2,153728 South Worth -------- Apr. 11, 1939 
2,190,668 Llewellyn ---------- Feb. 20, 1940 
8,200,023 Dallenbach ---------- May7, 1940 
2,222,902 Hahn-------------- Nov. 26, 1940 
2,237,878 Haeff --------------- Apr. 8, 1941 
2,259,690 Hansen et al. ------- Oct. 21, 1941 
2,287845 Varian et al. -------- June 3, 1942 


