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1. 

This invention relates generally to high fre 
quency radio apparatus and the invention refers 
more particularly to a novel high frequency tube 
Structure employing hollow resonators, of the 
general type disclosed in Patent No. 2,242,275, 
issued May 20, 1941 in the name of Russell H. 
Varian. The present application constitutes a 
true division of our copending parent applica 
tion Serial No. 342,912, filed June 28, 1940. The principal object of the present invention 
is to provide a novel high frequency tube struc 
ture having hollow resonators cooperating with 
an electron stream for effecting either the gen 
eration of high frequency alternating current of 
the Order of 109 cycles per second, or the am 
plification or detection of signals of this fre 
quency, the holloW resonators being so con 
structed and arranged as to provide an extremely 
Compact tube structure, thereby utilizing a rela 
tively short beam and reducing the tendency of 
Stream dispersion. Another object of the present invention is a 
novel tube structure employing tuning means 
adapted for individually or gang tuning the 
hollow resonators. Another object of the present invention is to 
provide a high frequency tube structure that is 
so constructed as to reduce the tendency of the 
beam to Spread during its passage intermediate 
of the resonators. A further object is to provide a novel construc 
tion of concentric line terminal post for use in 
putting energy into or removing the same from 
the fields of the resonators. Still another object of the present invention 
is to provide a detector structure for high 
frequency electron-beam apparatus specially 
adapted to efficiently detect velocity variations 
of the electrons of the electron beam, particu 
larly for use With velocity modulation electron 
discharge tube apparatus. Diaphragms 9 and 9 
provide partitions which divide the space within 
casing 4 into two hollow or cavity resonators and 
a drift Space therebetWeen. A still further object of the present invention 
is to provide an improved form of grid structure 
desirable for use in the Walls of hollow resona 
tors through which electron beams are passed 
for control purposes. Other objects and advantages Will become ap 
parent from the Specification, taken in connec 
tion with the accompanying drawings wherein 
the invention is embodied in concrete form. 
In the dra Wings, Fig. 1 is a longitudinal sectional view of the 

0 

30 

40 

45 

2 
novel tube structure of the present invention 
with the tuning means removed therefrom. 

Fig. 2 is a partial sectional view in plan with 
parts broken away showing the tube Structure 
assembled with the tuning means. Fig. 3 is a view in elevation of the tube struc 
ture and tuning means therefor. Fig. 4 is a view in elevation of one of the 
grids used. Fig. 5 is a partial longitudinal sectional view 
of a somewhat modified structure, and Fig. 6 is an enlarged sectional detailed view 
of a portion of the structure of Fig. 5. 

Similar characters of reference are used in all 
of the above figures to indicate corresponding 
parts. Referring now to the structure of Figs. 1 to 3 
of the drawings, the reference numeral desig 
nates a base upon which the high frequency tube 
structure is adapted to be supported. Base has 
upstanding posts 2 and 2', post 2 being provided 
with a suitable groove in its upper portion for 
fixedly receiving an annular flange 3 provided on 
the resonator casing 4 of the tube structure. 
The casing 4 is shown of cylindrical shape and is 
provided with ends consisting of annular corru 
gated and flexible diaphragms 5 and 5' Which 
are joined at their outer peripheries to the rigid 
cylindrical portion of casing 4 and are connected 
at their inner peripheries to aligned tubular pro 
jections 6 and 6' provided on cylindrical end 
shells 8 and 8' of the tube structure. End shell 8 
has an indirectly heated cathode structure 2 
thereWithin, the filament of the cathode being 
supplied through leads 22 and 23, extending 
through the press 27 provided in the sealing bell 
28. A heat retaining and focussing sleeve 24 
surrounds the emitter 2. An additional fo 
cussing ring 25 is positioned in front of the 
cathode assembly 2 -24 for the purpose Of col 
limating the electron stream leaving cathode 2. 
This ring 25 is adapted to be connected to a 
suitable external potential by way of lead 26 
extending through the press 27. A space charge 
control grid 29 is shown located in front of the 
emitter 2, this grid being shown as a stocking 
Weave and having its periphery confined between 
the two rings of an annular supporting member 
3, which member is connected to an external 
lead 3 adapted to be connected, for example, to 
a suitable modulation source. A stream of elec 
trons as collimated by ring 25 passes through 
tubular projections 6' and 6 and centrally 
through the resonator casing 4. The rigid cylindrical shell of the casing 4 is 
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provided on its inner surface with an internally 
projecting flange that serves to space apart 
two spun resonator diaphragms 9 and 9', these 
diaphragms being formed with oppositely pro 
jecting tubular neck portions and 3' that 
are aligned with, though slightly separated from, 
the inner ends of the tubular projections 6 and 6. 
The opposed ends of tubular member 6 and neck portion 9 are provided with opposed grids . 
Similarly, the opposed ends of tubular member 6' 
and neck portion ’ are provided with opposed grids i f. 

As thus constructed, two hollow or cavity reso 
nators 2 and 2' are formed within the interior 
of resonator casing 4, the resonator 2 being 
defined by the space between flexible diaphragm 
or partition 5 and diaphragm 9 and the other 
resonator 2' being defined by the Space between 
flexible diaphragm 5' and diaphragm or parti 
tion 9'. A feedback or coupling loop 3 is shown 
extending through diaphragms or partitions 9 
and 9 for coupling the oscillating electromagnetic 
fields of resonators 2 and 2' as when the tube 
structure is employed as an Oscillator or re generative amplifier. 
The ends of the tubular projections S and 6' 

joining the shells 8 and 3' are shown provided 
With grids 5 and 5' that are similar to grids 

. The construction of these grids and 5 
is shown in detail in Fig. 4. These grids coinsist 
of an outer ring 6, to the inner Surface of which 
are Secured, aS by Spot welding, a series of ap 
proximately J-shaped grid elements. These grid 
elements each comprise radially inwardly pro 
jecting long and short legs i and 8 which are 
connected together at the ring 6 by a connect 
ing portion 9. Thus, in producing this grid a 
Series of the J-shaped grid elements are made 
and then are secured in mutually spaced relation 
to the inner surface of ring 6. This grid has the 
advantage of simple construction, ease of assem 
bly and is not injured by thermal expansion and 
contraction of legs fi and 8 in use since the inner ends of these legs are free. 
The end shell 8 has a detector grid assembly 

contained therewithin, this assembly consisting 
of Spaced grids 32 and 32 that are carried by a 
sleeve 33 having a lead 34 connected thereto 
and extending outwardly through the press 35 
of the sealing bell 36 for connection to a Suit able Source of potential. 
A collimating ring 37 is positioned in advance 

of the grids 32 and 32' and is connected by a 
lead 38 to a suitable source or potential, whereby 
this ring will serve to reduce any dispersive tend 
encies of the stream, while the same is approach 
ing grids 32 and 32". A collecting plate 39 is pro 
vided and connected to external lead 48 for con 
veying away electrons passing through grids 32 and 32. 

Resonator 2" is Shown provided With a con 
centric line terminal post 4 that extends through 
the cylindrical wall of resonator casing 3 and has 
an internal loop. 42 for supplying energy to or 
removing the same from the interior of resona 
tor 2'. If desired the resonator 2 may also be 
provided with a concentric line terminal post or posts as illustrated. 
ASSunning that the tube apparatus has been 

evacuated and is connected for operating as a 
receiver, for example, the electron stream from 
emitter 2 in passing between grids of res 
onator 2 will have its velocity recurrently al 
tered due to its passage through the relatively 
Weak alternating field set up in resonator 2' 

5 

O 

20 

30 

3 5 

45 

50 

55 

60 

65 

70 

4. 
by the action of terminal post loop 32 supplied 
from a suitable antenna, or other high frequency 
Source. In the drift space 4 provided Within 
casing 4 between resonator 2' and resonator 2, 
the faster electrons will overtake the normal ve 
locity electrons, while the latter will overtake 
the slower electrons so that the elections enter 
resonator 2 in groups and set up therein an 
amplified version of the standing field in lesona 
tor 2 as is explained in the above mentioned 
patent. Owing to the fact that the diaphragms 
3 and 3’ flare away from the electron stream to 
provide a relatively large annular space around 
the stream in the drift space, dispersive action 
of the drift space walls on the stream is reduced 
to a minimum, thereby aiding in preventing 
spreading of the beam. Also, by having the drift 
space coextensive with the resonator 2' and 2, 
the overall dimension of the tube is greatly re 
duced, thereby shortening the electron stream 
and aiding in preventing spreading of the same. 
For efficient operation it will be apparent that the 
collimated beam leaving emitter 2A should pass 
through the resonators and the drift space and 
thereafter approach detector grids 32 and 32" Without appreciable spreading. 
When the tube structure is used as an oscilla 

tor, feed-back can be obtained either by using 
loop 3 or by coupling the terminal postS of 
resonators 2 and 2 by a detachable concen 
tric line. Ef modulation is desired, the modula 
tion potential is applied to space charge control 
grid 29. The output of resonator 2 may be con 
nected to an antenna by coupling the latter to a 
terminal post 4 of resonator 2. 

Referring now to the tuning means shown in 
Figs. 2 and 3, the end portions of tubular guide 
sleeves 43 and 43' are threaded through apertures 
provided in post 2 on opposite sides of the casing 
4 and are fixed to this post as by lock nuts 48. 
Sleeves 433 and 43' extend slidably through addi 
tional sleeves 45 and 45'. Sleeves 5 and 45' 
have inner end portions threaded through aper 
tures provided in an yoke 46 that is fixed upon a 
flange A. Secured to the end shell 8. The Outer 
end portions of sleeves 45 and 45' are secured to 
a cross-head 48 that is provided with a central 
tubular extension 49 into which is adjustably 
threaded a plug 5 provided on the inner end 
portion of a rod 5, the Outer end portion of 
which has a knurled knob 52 fixed thereon, Rod 
5 is provided with a collar 53 abutting shoulder 
54 provided on a tubular projection 55 provided 
on the post 2'. The Outer ends of tubular guide 
sleeves 43 and 43' are secured Within apertures provided within post 2'. 
A second knurled knob 56 is turnably mounted 

upon the rod 5' and has a hub portion 56 that is 
adjustably threaded into tubular extension 57 
provided on a cross-head 58 having the ends of 
rods 59 and 59' secured thereto, which rods are 
slidable longitudinally within the guide sleeves 
43 and 3’. The other ends of rods 59 and 59' 
are secured to an yoke 60 that is fixed upon a 
flange 6 attached to the end shell 8. Knurled 
knob 56 is provided with a tubular extension 62 
that Surrounds the rod 5 and houses a rather 
Stiff compression spring 63 which bears at One 
end against the knob 56 and at its other end 
against an antifriction bearing 64 carried by knob 
52. This spring serves to take up any back lash 
that may be present in the threads of the tun ing meanS, 
In use, since posts 2 and 2' are fixed upon the 

base , the guide sleeves 43 and 43’ together with 



2,463,519 
5 

resonator casing 4 and tubular projection 55 are 
held stationary. By turning knob 56 the tubu 
lar extension 57 of cross-head 58 is moved to the 
right or left with respect to extension 55 de 
pending on which direction knob 56 is turned, 
thereby moving cross-head 58 and rods 59 and 
59 to effect a corresponding movement of yoke 
60 and flange 6 and serving to effect relative 
movement of grids of the resonator 2, the 
flexible corrugated diaphragm 5 permitting Such 
relative movement to take place. Thus, by turn 
ing knob 56, resonator 2 may be tuned to reS 
onator f2'. Similarly, by turning knob 52 the 
rod 5 is turned, thereby effecting longitudinal 
movement of tubular extension 49 provided on 
cross-head 48 and effecting longitudinal nove 
ment of sleeves 45 and 45' which in turn effect 
relative movement of the grids of resonator 
f2', thereby tuning this resonator with respect 
to resonator 2. If desired, both knobs 56 and 
52 may be turned simultaneously thereby effect 
ing gang tuning of the resonators. These knobs 
are provided with graduations 66 and 66 cooper 
ating with a fixed index 67 for indicating the 
amount of tuning. Owing to the great flexibility 
of the diaphragms 5 and 5' the resonators may be 
tuned an indefinite number of times without in 
jury thereto. The tube structure of Figs. 5 and 6 is even more 
compact than that shown in Fig. 1, the structures 
of these latter figures being especially suitable for 
use with somewhat longer wave lengths of the 
order of 40 cm., for example. In this form of 
the invention the two resonator casings 67 and 68 
are formed with outwardly directed aligned tu 
bular extensions 69 and 70 carrying grids at 
their inner ends. The emitter structure 7 is 
contained within tubular extension 69 and is 
shown provided with a plurality of mutually 
spaced heat baffles 72 and 13 for the purpose of 
preventing undue heating of the press 74. 
Tuning in this form of the invention is accom 

plished by use of threaded collars 75 and 76 fixed 
upon the extensions 69 and T0, which collars have 
tuning knobs 77 and T8 threaded thereon, which 
nuts act through anti-friction bearings 79 and 79' 
to press ring members 80 and 8 against the outer 
peripheral portions of resonators 67 and 68. 
Thus, by turning knobs 77 and 18, the portions 
of casings 67 and 68 extending between the ring 
members 80 and 8 and collars 75 and 76 are 
deflected resulting in relative movement of the 
grids of the resonators and hence tuning the same. 
The tubular extension 7 O is provided with a 
frusto-conical portion 70' having cooling fins 82 
to effect cooling of this portion of the tube struc 
ture which serves to collect electrons passing 
through the resonators and through additional 
grids 83. A novel form of concentric line terminal post 84 
is shown in Fig. 5. In this terminal post, a glass 
seal 85 is secured at its outer periphery to the cy 
lindrical casing of post 84 and at its inner pe 
riphery to an extremely thin portion of a metal 
tube 86 as of copper. Owing to the thinness of 
this tube portion 86 under seal 85, the metal flexes 
under thermal expansion and contraction so that 
the Seal is not broken between the glass and the 
tube. The tube 86 is further reinforced by an in 
ner tube 87 having its portion 88 underlying the 
seal 85 spaced inwardly from tube 86 to facilitate 
relative radial movement of tube 86. The loop 89 
is attached at one end to the outer casing of the 
terminal post and at its other end this loop pro 
jects into inner tube 87 and is secured therein. 
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As 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 all matter contained in the above 
description or shown in the accompanying dra W 
ings shall be interpreted as illustrative and not in 
a limiting sense. 
What is claimed is: 1. A high frequency tube structure comprising 

a resonator casing having side Walls and Con 
nected flexible end walls, partitions Within said 
casing, said partitions and said casing Walls form 
ing two hollow resonators, means in said structure 
for passing a stream of electrons through said 
resonators for exciting fields in the Sane, said 
partitions also forming a drift space within said 
casing free of said fields and through which the 
electron stream passes while in transit between 
said resonators. 2. A high frequency tube structure comprising 
a resonator casing having unitary Side walls and 
end walls, and a pair of partitions Within said 
casing connected to said side Walls and forning 
with said casing walls a pair of hollow reson 
ators adapted to contain electromagnetic fields 
therein, the space between said partitions form 
ing with said casing a drift space free of Said 
fields. 3. A high frequency tube structure as in claim 
2 further including means in said structure for 
passing a stream of electrons successively through 
one of said resonators, said drift Space and the 
other of said resonators. 4. A high frequency tube structure comprising a 
resonator casing having Side walls and end Walls, 
a pair of partitions within said casing forming 
with said casing walls a pair of hollow resonators 
having said walls as conducting boundaries there 
of and adapted to contain electromagnetic fields 
therewithin, the space between said partitions 
forming with said casing a drift space free of said 
fields, and a coupling loop passing through said 
partitions and extending within each of said 
resonators to provide coupling therebetween. 

5. A high frequency tube structure comprising 
a cylindrical casing having substantially fiat end 
walls, and partitions Within said casing forming, 
with said end Walls and casing, a pair of hollow 
resonators adapted to contain electromagnetic 
fields therewithin, said partitions also forming a 
field-free drift space with said cylindrical casing. 

6. A high frequency tube structure as in claim 
5 wherein said partitions are formed as fiaring 
centrally apertured members and are disposed 
with their faring portions extending in opposite 
directions providing said drift space within said . 
casing while retaining a relatively short overall 
length for said casing. 7. A high frequency tube structure comprising a 
resonator casing, partitions Within said casing 
forming with the walls of said casing a pair of 
hollow resonators having opposite reentrant por 
tions, said reentrant portions of said resonators 
and the opposed walls of said casing being aper 
tured and provided with grids for the passage of 
an electron stream therethrough, for setting up 
standing electromagnetic fields in said reson 
ators, the reentrant portions of said resonators 
providing a drift space for the electron stream 
intermediate the fields of said resonators. 

8. A tube structure as in claim 7 wherein one of 
said grids comprises a ring member with a plu 
rality of grid elements secured thereto, each of 
said grid elements comprising mutually spaced 
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long and short legs and a connecting poition 
therebetween, the conecting portion being Se 
cured to said ring in ember with Said legs extend." 
ing substantially radially inwardly thereof but 
terriaating slaor; of the center of Saidi rilag iren MM yer. 

9. A ligi freque:gy tube structi'e COllprising º 
unitary resonator casing, and partitions Within 
said casing forming, with the walls of Said casing, 
a pair of holow resonators having Opposite re 
entrant portions and adapted to contain Standing 
electromagnetic fields therein, the reentrant por 
tions of said resonators formed by Said partitions 
providing a field-free Space intermediate Said res Onators. 

10. A tube structure cornprising a cylindrical 
resoinator casing having flexible end Walls, par 
titions within said casing forning With the Walls 
thereOf a pair of hollow resonators having op 
posite reentrant portions, said casing end Walls 
having outwardly directed tubular extensions 
coaxial with the reentrart portions of Said res 
onators, an emitter contained within One of 
said extensions for directing a streatin of elec 
trons through said resonators in succession and 
through said other eXtension, and nieans Pro 
vided on said other extension for collecting elec trons. 

21. A high fresquency tube structure compris 
ing a cylindrical resonator casing having flex 
ibie substantially fiat; apertured end Walls, fidar 
ing apertured partitions within Said Casing hav 
ing the flared portions thereof adjacent, the re 
spective end walls forming a pair of hollow res 
onators having opposite reentraint portions and 
adapted to contain standing electromagnetic 
waves, said partitions and casing forming a 
field-free space between said resonators, and 
Ireans adjacent, said casing for projecting a 
strealin of electrons through said 'esonator's in 
succession whereby said electrons traverse said 
field-free space while in transit between said resonators. 

2. High frequency cavity resonator appara 
tus comprising a cylindrical casing, a flexible 
diaphragn) connected across one end of said 
casing, an electron-perEneable grid carried cen 
trally of said diaphraga, a flared apertured 
12 abel connected at, its outer edges to Said cas 
ing and having its certial portion adjacent Said 
diaphragm, and a second electron-permeable 
grid carried by said central portion adjacent said first grid. 

3. Apparatus as in claim 2, further includ 
ing nimeans coupled to said grids for adjusting 
the spacing of said grids to vary the tuning of Saidi resonator apparatUs. 

14. High frequency cavity resonator appara 
tuis comnprising a casing, a flexible wall con 
nected across one end of said casing and a flared 
heinber connected within Said Casing and hav 

ing its central portior adjacent said flexible Wall. 

15. A high frequency tube structure compris 
iing a cylindrical resonator casing having side 
walls and connected flexible end walls, dividing 
partitio, Means Within Said ca.Sing, Said parti 
tion Aleans and said casing Walls forming two 
hollow distinct resonators, and screw means 
Connected between said casing's side Walls and 
its end Walls foi noWing Said flexible end Walls 
to thereby effect the turning of Said resonators. 

16. A high frequency tube structure compris 
ing a hollow resonator casing having side Walls 
and flexible end walls, dividing partition means 
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Within Said casing, said partition ineans and 
said casing Walls forming two hollow distinct 
resonators, a frarine connected to said side Walls 
exteriorly of said partition in ears, said fraine 
sugporting said casing, and Screw means intel 
posed between said fraine and said end Walls 
for deitecting the latter to effect turning of said resonator casing. 
17. A high frequency tube structure compris 

ing a hollow resonator casing having side walls 
and flexible end walls, a frame connected to said 
side wails, said frame supporting Said Casing, 
and screw ineans interposed between said falline 
and Said end Wails for deflecking the i atter to ef 
fect tuning of said resonatol' casing, said Screw 
means comprising force transmission members 
connected with said ends walls, and adjustable 
knobs threadedly connected with Said force 
transmission members for rinowing said end Walls. 

18. A tube structure comprising a 'esonator casing, partitions within said casing forming 
with the Walls thereof a pair of hollow reson 
ators having opposite l'eentrait portions, Said 
casing having outwardly directed tubular ex 
tensions coaxial With the reentraint portions of 
S&id resonator's, and nut, i.eans threaded on 
said extensions and engaging Said casing for 
effecting the turning of said resonators. 

i9. A pair of cavity resonators, each compris 
ing a flexible and a tigid section, Yeains rigidly 
connecting said rigid sections together, and 
healas interconnecting said riigid and said flex 

ible sections including screw-operated thrust 
exerting metribers for acting between said rigid 
sections and the fiexible sections of Said res. 
onators and for Inoviing the flexible sections of 
said iresonators With respect to their correspond 
ing rigid sections, to thereby effect tuning of Said rescinators. 

26. A pair of cavity resonators, each compris 
ing a flexible and a riigid section, means riigidly 
connecting said rigid sections together, and in 
dividually selective means connected between 
said irigid Sections and the fie:Xible Sections of 
said resonators for selectively inoving the flex 
ible section of each resonator with respect, to 
its corresponding rigid section, to thereby effect 
selective tuning of said resonators. 
21. Apparatus as in clair. 20, wherein said 

last-inained nearns coinprises a neinber fixed 
to each of said fiexible sections, independent 
ScreW II means interposed betWeem each of Said 
Jinenbers and Said rigid sections for adjusting 
Said flexible sections, and 3 espective controls 
for said screw ineans, said controls being jux 
taposed to one another to perimit joint or inde 
pendent operation thereof to produce gang or 
individual tuning of said resonators. 

22. An electron discharge tube cornprising a 
pair of hollow resonators having a cormon ex 
ternal casing and respective fexible end walls, 
a fraine fixed to Said casing, a pair of rotatable 
knobs liaounted on said frane side by side in co 
axial alignment, so that either knob may be ad 
justed separately or both knobs may be adjusted 
together, operating means connected. With said 
casing and adapted independently to distort the 
flexible Walls of said 'esonators to change the 
resonant frequency thereof, a connection from 
Said Operating means to one of said knobs and 
a connection froin the operating means to the Other of Said knobs. 
23. An electron discharge tube comprising a 

Casing containing a pair of hollow resonators, 
one of said resonators having a flexible wall, a 

- 
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tubular extension connected to said flexible Wall 
at a point intermediate the edges thereof, a 
in ember surrounding said tubular extension, 
and means operatively connected to Said men 
ber for exterting pressure on said member to 
calise displacement of said flexible Wall to 
change the tuning of said resonant chamber. 

24. A high frequency tube structure comprising 
a resonator casing and a concentric line terminal 
post provided thereon, said terminal post Con 
prising an external tube projecting at its inner 
end portion into said casing and Secured thereto, 
a pair of concentric inner tubes within said ex 
ternal tube, a glass seal extending between the 
outer end portion of said external tube and the 
outer of said inner tubes, said outer of Said inner 
tubes being relatively thin in the region of said 
Seal and somewhat radially spaced from the inner 
of said inner tubes to allow for free relative ex 
pansion and contraction of these inner tubes, and 
a loop projecting within said casing and having 
its ends connected respectively to said external 
and inner tubes. 25. A sealed high frequency terminal post for 
an evacuated casing comprising an outer tubular 
conductor adapted to be sealed to said casing and 
having its interior communicating with the in 
terior of Said casing, an inner conductor COncen 
trically positioned within said tubular conductor 
and having a relatively flexible section, and an 
insulating seal extending between said flexible 
section and said tubular member, whereby the 
evacuated condition of said casing may be re 
tained, and expansion of Said inner and outer 
conductors or seal Will not break said Seal. 

26. A sealed high frequency terminal post as 
in claim 22, wherein said inner conductor is 
formed as a pair of concentric tubes, one of Said 
tubes being relatively thin in the region of Said 
seal and radially spaced from the inner of Said 
tubes to allow for free relative eXpansion and 
contraction of these tubes. 27. A sealed high frequency terminal post as in 
claim 22, further including a conductive loop 
adapted to project within said casing and having 
its ends connected respectively to said outer con 
ductor and saidi inner conductor. 28. A sealed high frequency terminal post as in 
claim 22, wherein Said inner conductor comprises 
a pair of concentric tubes, the outer of said tubes 
being relatively thin in the region of Said Seal 
and radially spaced from the inner of Said tubes 
to allow for free relative expansion and contrac 
tion of said tubes, said terminal post further com 
prising a conductive loop adapted to project With 
in said casing and having its ends connected re 
spectively to said outer and inner conductors. 

29. A detector structure for electron beam ap 
paratus of the velocity modulation type having 
a velocity-modulated electron beam comprising a 
pair of electron permeable grids insulated from 
the remainder of Said apparatus and conductive 
ly connected to one another and positioned in the 
path of said beam to be successively and perpen 
dicularly traversed thereby, and an insulated po 
tential-supply lead connected to said grids for 
coupling a suitable Source of potential thereto. 

30. A detector structure as in claim. 29, further 
comprising means along the path of Said beam 
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10 
for collecting the electrons of said beam after 
traversal of Said grid structure. 31. A detector structure according to claim 
29, further including collimating means sur 
rounding the path of Said beam in front of said 
grids to prevent dispersion of the electrons of 
said beam, and an insulated potential-supply lead 
connected to said collimating means for coupling 
a Suitable Source of collimating potential thereto. 

32. A detector electrode assembly for electron 
beam apparatus of the velocity modulation type 
having a velocity-modulated electron beam, Com 
prising a conductive supporting sleeve insulated 
from the remainder of said apparatus, a first grid 
mounted within a cylindrical conductive holder 
concentrically Supported within said supporting 
sleeve and a second grid also mounted Within said 
holder, whereby said pair of grids are conductive 
ly connected and are adapted to be successively 
traversed by said beam, and an insulated po 
tential-supply lead connected to said sleeve for 
coupling a suitable source of potential to Said 
grids. 33. A detector electrode assembly as in claim 
32 further including a cylindrical collimating 
electrode coxially disposed with respect to said 
supporting sleeve in front thereof and insulated 
from said supporting sleeve for preventing dis 
persion of the electrons of said beam entering 
Said grids 34. An electrical discharge tube of the Velocity 
modulation type, comprising an envelope having 
a velocity modulating chamber and an extrac 
tion chamber, a pair of rotatably adjustable knobs 
mounted side by Side in coaxial alignment so that 
either knob may be adjusted Separately or both 
knobs may be adjusted together, operating means 
connected with said envelope and adapted inde 
pendently to distort Walls of Said resonant cham 
bers to change the resonant frequency thereof, a 
connection from the operating means of one of 
said chambers to one of Said knobs, and a con 
nection from the operating means of the other of 
said chambers to the other of Said knobs. WILLIAMI T. COOKE. 
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