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HIGH-FREQUENCY HIGH-POWER TUBE 
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'signors to Radio Corporation of America, a cor 
poration of Delaware 
Application March 17, 1949, Serial No. 81,932 

(C. 250-27.5) 55 Claims. 
1. 

The present invention relates to improvements 
in high frequency high power tubes, more par 
ticularly the application of a novel technique in 
tube design respecting structural parts. Our 
technique overcomes sources of Serious difficulties 
in present type tubes from the Standpoint Of Con 
struction, operation, maintenance, etc. 
For the purpose of illustrating our invention it 

Will be described in connection with a triode type 
tube, although it should be understood that it is 
not limited to that particular construction. In 
accordance with the common practices embodied 
in the design of triodes there are three essen 
tial electrodes, namely, cathode, grid and anode, 
concentrically arranged and each electrode per 
forming a recognized function in the operation 
of the tube. For example, the cathode is the 
source of the electrons which may be of the 
direct or indirectly heated type and the grid 
is juxtapositioned with respect to the cathode 
and the anode. The grid functions electron 
ically to control the electronic flow between the 
anode and the cathode, the grid being of a mesh 
like structure which may comprise wires or bars 
spaced apart so as to permit passage of an elec 
tron flow originating from the cathode and ter 
minating at the anode. Since the function of 
the grid is to control the electron flow, it is highly 
important to avoid any electron collection by the 
grid which would normally be manifested by un 
desirable heating thereof. It is of course ap 
preciated that complete prevention of heating up 
the grid is practically impossible but it is neces 
sary that the grid operating temperature is not 
permitted to rise sufficiently high to Support 
electron emission. 
A typical construction of a conventional type 

triode high frequency high power tube is repre 
Sented by tube type designation 9C21 Officially 
approved by the Radio Manufacturers Associa 
tion. In this type tube the cathode electrode con 
sists of a multiple of tungsten wires orientated in 
a cylindrical array. Each cathode Strand or Wire 
is mounted at its opposite ends in an inflexible 
manner. At the top or upper ends the Strands are 
welded together to form a cluster. The lower 
ends of the Several wires are connected to cathode 
support rods, the general construction being that 
of basket shape which is self-supporting. This 
Cylindrical array of Wires is much longer length 
Wise than in diameter, consequently the mechan 
ical arrangement is fragile and subject to objec 
tionable features such as vibration, warping or 
the like. With respect to warping, deformation. 
is produced by thermal expansion of the indi 
vidual cathode wires, and since they are relatively 
inflexibly mounted at their two ends deformation 
occurs from expansion. This deformation may 
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2 
be quite serious in case of close Spacing of the 
Cathode "With respect to the grid. 
A further objectionable feature accruing from 

a basket-like structure of the cathode is that 
large drift spaces are inherently provided per 
mitting gas ion migration. 
All of the above mentioned difficulties in the 

cathode construction are also present in the grid 
construction. Incidentally in the 9C21 type tube 
the grid construction is of Spiral formation wound 
in close proximity to the cathode filament. It is 
apparent that in accordance With Such a grid 
construction no provision is made to employ 
electron optics for the reduction of grid space 
current absorption. 
The anode which surrounds the grid is a cyl 

inder of some high thermal conductivity material 
such as copper which is utilized for cooling effects. 
The outer surface of the anode is conventionally 
cooled by air blowing past a multiplicity of fins, or 
by Water flowing over said outer surface. 
The foregoing difficulties with respect to the 

9C21 type tube may be summarized as consist 
ing of the following inherent weaknesses: self 
supporting cathode not applicable to Very large 
power tubes, particularly where there is close 
cathode-grid spacing; magnetic effectS are pro 
duced; large gas ion paths are inherent; the 
cathode wires are not independently mounted; 
and the structure presents high reactance. 

Obviously a tube construction which eliminates 
or greatly reduces such difficulties as described 
above makes it possible to design a high frequency 
high power tubehaving improved performance by 
virtue of being able to control more closely critical 
tolerances between tube elements. We accom 
plished this result by a technique or manufactur 
ing approach hereinafter described. 

It is an object of the present invention to pro 
Wide a unique tube Structure derived from the 
utilization of a novel technique for the production. 
and/or consolidation of structural parts of the 
tube. 
Another object of the invention is to design 

mechanically the structural parts which function 
electronically so that the standardization of Said 
parts with respect to functional characteristics 
is for all intents and purposes reduced to unity 
of design irrespective of the required overall 
characteristics of a given tube. 
Another object is the provision of a tube con 

struction differing radically from constructions of 
the prior art in that the technique we employ 
contemplates making the component parts of the 
tube in conformance with a standardized pattern 
adapted to be applied in the assembly of unit 
parts composing this pattern, said unit parts 
varying only as to size and/or numbers so that 
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specified tube requirements may be obtained 
without departure in fundamental detail of basic 
design, and thus permit a wide variation in tube 
requirements including size of tube, capacity or 
power output, etc. without constantly re-design 
ing the tube structure. 
Another object of the invention is the provision 

of a tube construction which permits the aSSemi 
ly of component parts within very close critical 
tolerances between adjacent elements, and in 
such a manner that such critical tolerances may 
be maintained under general operating condi 
tions of the tube. 

5 

0. 

Another object is the provision of a novel 
technique in tube design which lends itself to the 
use of means of assembly of the structural parts 
so that an extremely accurate and simplified tube 
construction is obtained through consolidation of 
the component elements of the tube. 
Further objects of the invention relate to the 

manufacture of vacuum tubes having Superior 
performance characteristics in the following re 
spects: very high power gain; very small driv 
ing power and are capable of operating at high 
frequencies and developing high power; very 
Small gas conduction paths are obtained and elec 
trode lead reactances are materially reduced Over 
prior art structures; cathode heat currents do not 
give rise to large external detrimental magnetic 
fields; employ electron optics for the reduction of 
grid Space current absorption; and in Ore particu 
larly the production of a tube structure char 
acterized by simplicity of parts; ease of assembly 
and accessibility to said parts. 
A special object of the invention is the design 

of structural parts of the tube which may be unit 
ed or fabricated into Sub-assemblies which form 
components of the main tube structure, said fab 
rication being effected by the application of in 
strumentalities contemplated by our ove tech 
nique or philosophy herein disclosed. 
A further specific object of considerable im 

portance is the provision of an individual panto 
graphic mounting device for each cathode ele 
ment and grid element So that the expansion or 
deformation of a given wire has no influence upon 
the others. This arrangement removes any limi 
tations of overall or aggregate size of the tube, 
thus permitting a great deal of latitude in the size, 
rating, etc. of tubes to which our invention is ap 
plied. 
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Another specific object is the provision of a 
gas tight readily demountable envelope for an 
electron discharged device which permits ready 
access to the active electron regions of the device is 5 
while at the same time permitting normal opera 
tion of the device while Same is not connected to a 
Vacuum pump. 
Other objects relating to matters of design, 

construction of parts, method of assembly, instru 

4. 
tem to independently support the Several Sections, 
is provided. Each of these sections is mounted 
inflexibly at one end and flexibly at the other end, 
and notions of the sections are substantially re 
strained except in one direction. Many advan 
tages are derived therefron, as for example, 
clip-in mounting devices are provided which far 
cilitate easy replacement of a damaged grid or 
cathode section; the length, number and croSS 
section of the grid and cathode sections may be 
varied to suit the circumstances, etc. 
An anode is provided which is arranged con 

centrically and coaxially with the cathode and 
grid structures. An electron optical System in 
cluding a beam forming element is interposed 
between the cathode and the grid. Means are 
provided for cooling the anode which is entirely 
closed within an outside envelope. By circulat 
ing water or some other coolant, through the cooi 
ing system, the anode Inay be very substantially 
cooled so that the tube lay be operated at high 
pOWerS. 
There are details of construction which Will be 

obvious as the description proceeds, Such as 
means for constantly maintaining the various 
sections of the cathode and grid under tension; 
the manner in which the outer envelope of the 
tube is rendered vacuum tight through mechani 
cal seals composed of various elementS, etc. 
Other features relate to the manner in Winich 
tube parts or structures are consolidated, as for 
example, by the use of R.F. induction Welding; 
the type of glass-to-metal Seals employed for 
concentric cathode heating System, etc. 

Referring to the accompanying drawings, 
Figure 1 is a tube, completely assembled, em 

bodying the invention; w 
Figure 2 is a longitudinal Section of the tube 

shown in Figure 1: 
Figure 3 is an eani8. ged Sectional view ShOW 

ing partly the tube as illustrated in Figure 2; 
Figure 4 is a cross-sectional view taken on the 

line 3-4 of Figure 2 showing particularly the 
pantograph arrangement; 

Figure 5 is a Sectional view taken on the line 
5-5 of Figure 2 showing particularly the array 
of the electrode assembly and electron optical 
System; 

Figure 6 is a Sectional view taken on the line 
6-6 of Figure 2 illustrating an enlargement of 
the electrode assembly, electron optical system 
and means for maintaining tensioning in the 
Spring Supported elements for flexikiy Inouilt. 
ing one end of the cathode Sections; 

Figure 7 is an exploded view of the grid Sup 
porting construction carried at the top of the 

60 

mentalities employed to effect assembly, etc. will 
manifest themselves as the description proceeds. 

In accordance with the present invention, there 
is provided a tube structure characterized by 
basic principles of design and/or construction 
which contribute generally to the fabrication of 
a tube which is composed of a unitary structure 
comprising subassemblies of multiple elements, 
which elements may be standardized with respect 
to characteristic structures, but varied materially 
as to size, shape and the like and which may be 
assembled to meet given specifications. 
A principal component part of the tube is a 

Sectionalized cathode and grid which is non-self 
supporting. Means, such as a pantographic sys 
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tube; 
Figure 8 is a perspective view showing the de 

tails of the Spring flounting arrangement for 
the upper end of the cathode; 

Figures 9 and 10 are sectional views showing 
the knife edge mounting of the sectionalized 
cathode and/or grid strands, this mounting be 
ing of a construction which pCirmits supporting 
Said Sections in dei Toluntable form; 

Figure 11 is a top plan view of the flange for 
hermetically sealing the tube parts when as 
Sembled; and 

Figure 12 is an enlarged sectional view on the 
line 2-2 of Figure 11 showing in nore detail 
the construction involved for the sealing flange. 
For the purpose of illustration, we have shown 

a triode, high frequency, high power tube but 
- it will be understood that the invention is appli 

75 cable to other types of tubes. The tube illus 
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trated embodies an electron optical or bean 
forming system which may be used to great ad 
vantage in reducing the electronic driving power 
required together with improving operation effi 
ciency. The essentials of the bean forming elec 
tron optical system amployed herein is ShoWn in 
various views of the drawings, as for example, Fig 
ures 2, 3, 5 and 6. In figure 6, the reference 
character represents the catinode or eiectron 
emitting Surface, 2ct irepresents the bean forning 
cavity into which the cathode is mounted in 
such a way that the cathode or electron efitting 
surface is recessed or dropped below the protrud 
ing edges of the bean forming elementS. 
The beam forming clerinents 2 are (See Fig. 3) 

operated at an electrical potential Which is Suk 
stantially the same as the cathode potential. 
The protruding corners of beam forming element 
2 function electronically to focus the electron 
beam so that the beam is not intercepted by the 
grid electrodes. Grid elements 3 are arranged 
and supported so as to be spaced away froin the 
beam forming elements 2 and renoved from the 
electron stream which emerges from the Cathode 
within the beam former. The shape of the grid 
element cross-section 3y take a variety of for; YiS 
such as for example a triangular croSS Section. 
In determining the cross-sectional shape for the 
grid element 3, it is essential that the edge 3 
be relatively thin in the direction parallel to a 
line drawn between the cathode and the anode 
4. The reason for this is that as the electron 
beans 5 diverge in ti:8 region of the glid elec 
trode, it is desirable that the electiode be so 
shaped that there will result a minimum of elec 
tron collection by the grid sections. The thick 
ness of the grid 3 Will influence SOrne Cf the leg 
trical characteristics of the tube other than those 
having to do with the electron collection. For 
instance, if the grid were made in a Shaie of a 
thin sheet, with very little thickness in the direc 
tion toward the anode, the effectivainess in coin 
trolling electron flow without much elect Gin ab 
sorption, would be excellent. Such a grid, how 
ever, would not shield 
anode potentials very effectively and Such a glid 
would result in very poor cit-off characteristics 
and a tube having a low p. Yet, on the other 
hand, if the grid were inade recta:ngular for in 
stance, and with a substantial dimension in the 
direction of the anode, it would result in a tube 
having extremely high u but very poor electron 
collection characteristics. However, if rigidity 
was a deternining factor, Such a shaped grid 
Would be rechanically very rugged. We have 
found a triangular, half-round or trapezoidal 
cross-section offers a satisfaetory compromise in 
grid cross-section shapes. Such a Shape allows 
a small dimension (thin edged) in the iregio 
adjacent the edges of the beam forming cavities 
while retaining other characteristics of Inechani 
cally rugged, high u and therinal capacity desir 
able in any large, high poW3 Vacuum tuge. 
The general arrangement, just described of 

cathode, grid and anode will be fully appreciated 
by reference to Figures 5 and 6 which show that 
the electrode elements are concentric and coaxial 
in the Order inentioned. 
To enlarge Somewhat upon SOme of the fore 

going statements, reference may be made to Fig. 
ure 2, bearing in mind the same reference char 
acters represent corresponding partS throughout 
the Several views. It Will be Seen that the Sec 
tion of the hot cathode element is trapezoidal 
with its wider face furnishing the electron emis 
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the Cathode for the 4: 

5 

O 

5 

20 

2 5 

3) 

35 

5 O 

55 

SO 

O 

75 

6 
Sion. The cathode is relatively long, the one in 
the tube illustrated being approximately 8 inches 
and made of Wire of tungsten or thoriatd tung 
Sten mounted Within a beam former 2. Each 
Section of the cathode has one end inflexibly 
in Ouiated adjacent the botton as at and its other 
end flexibly mounted adjacent the top as at 8. 
The flexible mounting 8 is achieved through a 
Construction hereinafter more fully set forth in 
greater detail. 
For the present, it may be stated, the flexible 

mounting functions to provide mechanical con 
Straint, i. e. prevent freedom of movement of 
the Sections of the cathode except longitudinal 
movement of said sections. The cathode, being 
an element which runs at elevated temperature, 
Will expand when heated under operating condi 
tions. 
This expansion and coattraction of the tungsten 

cathode Wires is adequately accommodated in the 
flexible mounting construction 8. The mounting 
device 3 incorporates tensioning means so that 
tension is maintained along the axis of the several 
cathode Sections but other forms of freedom of 
GVenent are constrained. A more detailed dis 

CuSSion of the flexible cathode and grid mounting 
devices Will occur later. 
Since the geometry of the cathode and beam 

former System is extremely critical, it is necessary 
to mount the Cathode Within the beam former by 
means of a device which holds it critically in 
position but it is also necessary that the beam 
forming element 2 be constructed in Such a way 
to yield very high precision. This feature will be 
manifested more fully hereinafter. 

For the sake of convenience, the various sec 
tions or elements of both the Cathode and the 
grid electrodes are Sometimes herein referred to 
as each Section constituting an electrode, but in 
reality, because they are joined Or connected to 
gether electrically, from an Operational Stand 
point it is truly but one cathode and one grid elec 
trode each composed of a plurality of Sections or 
elements independently mounted. The grid sec 
iOS are S.OneWhat Sinilar to tha Cathode Sec 
tions With respect to being Sectionalized, 
form of mount, number of sections employed, 
etc. The grid Sections run at a variety of 
temperatures and for that reason will operate 
in Such a way that their lengths will vary. Like 
the cathode Sections, the grid Sections are 
mounted inflexibly as at 9 and longitudinally flex 
ible as at it. The device for achieving flexibility 
of mounting is similar to the cathode flexible 
mounting device 8. These flexible mounting de 
Vices are of a pantographic-like construction and 
Will be described more fully hereinafter. It will 
be noted that the inflexible grid mounting 9 is a 
continuation of a circular metal piece in the shape 
of a hat 2 which hat is insulated by insulating 
member from a central metal member 3 which 
conducts heating power to the cathode (see par 
ticularly Figures 3 and 7). 
The anode 3 is a Snooth cylindrical Surface 

which surrounds the entire cylindric array of 
cathode and grid Sections Or elements. Its elec 
tronic function is to maintain appropriate po 
tentials and electric fiads to facilitate electron 
fiow, as is normally the function of an anode. It 
also serves as an electron COllector. Because of 
its electron collection function, it is subjected to 
considerable heat. The heat of the anode is SO 
intense that, it is neceSSairy to remove heat there 
from by SOne external means, Such as a fluid cool 
ing system. The cooling System Will be described 
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more particularly hereinafter. It may be noted, 
however, as shown in Figure 2, that the anode of 
the present tube is located partially within the 
glass envelope insulating member 5 which is a 
departure from the usual conventional practice of 
making the anode an externally cooled electrode. 
AS pointed out herein above, each cathode Sec 

tion f is connected to a flexible mounting device 
8 adjacent their upper ends and an infl3xible 
lower mount F. The flexible mounting device 8 
is seen to be connected to a tubular member 3' 
which is internally threaded adjacent its upper 
end to receive a threaded extension 5A. Tubu 
lar member 3’ is in turn connected to and Serves 
as an extension of the central metal tubular 
member 3. The mounting at T is connected to . 
another tubular member or cylinder which is 
concentric with member 3 and which is in turn 
connected at its low-r end to a cylindrical exten 
Sion 3' of cylinder 38. A ring is connected to 
the end of cylinder 33; the end of the cylinder 
from which extension 3' extends Serving as a 
convenient shoulder to receive ring which 
forms an outwardly extending flange. Connected 
to the other or lower end of cylinder 3 is a ring 
26 which Serves as an external cathode heating 
power terminal and which Supports terminal 25. 
Terminal 25 Serves as the other cathode terminal 
being electrically connected to central tubular 
member or cylinder 3 through a flexible dia 
phragm 2. Though flexible diaphragm 26 is Sub 
stantially rigid in a radial direction, it is Suffi 
ciently flexible axially so that while serving as a 
Support and radial spacer for cylinder 3 it affords 
the cylinder Some longitudnal fiexibility the pur 
pose of which will be pointed out hereinbelow, 
AS will be apparent, the seal between ring 24 
and terminal 25 is Watertight and each is insul 
lated from the other. 

insulating member , which insulates the grid 
sections from the cathode, is connected to a metal 
piece or support member 53 which is in turn con 
nected by bolts 4 to mounting member 45. 
Mounting member 45 together with the flexible 
mounting 8 is clamped to a ring 56 which is L 
shaped in Section and which is in turn clamped 
against a ledge 86' on sleeve 6. As was pointed 
out, insulating member supports top hat 2 
from which each of the grid strands or elements 
is suspended while each is tensioned axially at 
its other or lower end by a flexible mounting de 
vice clamped to ring 8 and extending inwardly 
therefronn. Ring 8 is Supported from grid ter 
minal ring 5: by bolts 3 threaded through an 
inwardly extending portion of ring 5? as well as 
an off-set portion of a radially inwardly extend 
ing apertured shield 5. On shield 5' and spaced 
radially outward from the anode is an upwardly 
extending shield 4 the lower end of which is 
turned into form a lip which may be brazed or 
Soldered to shield 5'. 
The anode is cylindrical, closed at one end by 

an enclosure 52 and at the other end is turned 
out and back upon itself forming a somewhat 
U-shaped extension 2' to which the anode lead 
cylinder 2: is connected. As most clearly shown 
in Figure 6, the outer Surface of the anode is 
serrated or channeled to form channels 4 with 
cylinder member 85 which fits snugly around the 
anode. An anode terminal ring 23 is connected 
to cylinder 2 from which it extends outwardly. 

It may be see:, particularly from Figure 2, that 
each of the electrodes, i. e., cathode, grid and 
anode are connected to relatively large continuous 
and low impedance, radio frequency leads. For 
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8 
instance, it can be seen that the cathode radio 
frequency lead consists of the mounting device 
at , cylindrical conductors 7, 3)', a terminal 
ring if , gasket 9t, cylinder 95 and flange 6 
which System of connection provides a continu 
ous low impedance R. F. lead from the ring 
outside the vacuum enclosure, through the vac 
uum enclosure to the cathode . It may be 
pointed out also that the same terminal provides 
connections to the bean former element 2. The 
grid lead System on the cathode side consists of 
flexible mounting device , conducting member 
37, ring-like lead 8, retainer ring A, steel ring 

6', wire gasket 4', flange 9, glass sealing 
member 85, wire gasket 8', and ring 5 . It 
will be seen that the grid lead impedance on the 
cathode side is quite low. The grid lead on the 
anode side includes ring 5 , steel ring 6, wire 
: 8, flange 26, glass sealing member 85, wire 7, 
shield. 5’ (shield f : 3), mounting 8 and is like 
wise a low impedance lead. The anode lead can 
be seen to consist of the cylindrical surfaces 2, 
2 f', ring 23, gasket 9', cylinder 95' and flange 22. 
This lead, like the others. is also a low impedance 
continuous path from outside the envelope at 23 
to the anode surface (3 within the active electron 
region. In addition to these various lead devices 
being of low electrical impedance, they are like 
wise arranged in such a manner that excellent 
inter-circuit shielding is obtained. It will be 
noted that the grid terminal ring 5 as well as 
flanged shield 53' connected thereto, together 
with the ring-like member 3 and flexible mount 
ing device (), constitute a sort of partition be 
tween the anode-grid circuit and the grid-cath 
Ode circuit. 
As Will be noted from the above, the Cathode 

is of the directly heated type, being composed of 
a plurality of elements which form an electrical 
whole or entity but which may be varied as to 
size, length, number, etc. They are independ 
ently mountable with respect to each other and 
are flexibly supported at one end and inflexibly 
held at the other. It is obvious that cathode 
heating power must be supplied to the cathode at 
these two points. The inflexible mounting T is 
arranged to connect cathode elements at that 
point to the beam former which is an extension 
of the cylinder . The flange 26 serves as an 
external cathode heating power terminal. At the 
flexible mounting point 8, the cathode heating 
power is conveyed through the flexible panto 
graph-like mounting device to Which Said cathode 
power is forwarded from the inner most cylinder 
f3 which cylinder is electrically connected to ter 
minal 25 through flexible diaphragm 26. Insula 
tion between the beam former and the upper end 
of sleeve SS on extension 3 of cylinder 3 is 
provided at 28 at the upper end of the beam 
former structure. The seal at 23 Serves Several 
important functions. It must not only insulate 
the beam former cylinder from the lead cylinder 
f3 but it must also withstand air and water pres 
sure and retain mechanical juxtaposition of the 
beam former and cylinder 3 in the region where 
it is mounted. 
As previously mentioned, because of the heat 

developed by the cathode in close juxtaposition 
With the beam former, it is necessary that the 
bean former be cooled. This is achieved in the 
construction illustrating the invention by forcing 
water into a tubular water inlet 33 which sup 
plies water to channel 36 from which it moves 
upwardly through the concentric channel 35 and 
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through tubular extension 3 and over a water 
partition 3i, and then spirals down Water chan 
nel 34 against the inside surface of the copper 
member from which the beam forming elements 
are formed. Water then continues down chan 
nel 34 and is Withdrawn from the tube at Water 
outlet 33. 
Since a very effective eiectron optical System 

is employed in our tube, the grid electron absorp 
tion is very Small hence the grid heating is of 
Sufficientiy Srinall amount to make possible the USe 
of radiation for dissipation of the grid heat 
losses. At the flexible grid mounting device ), 
heat is removed by means of a copper conduct 
ing member 3. This heat conducting path from 
the grid at to the ring i8 is provided so that 
excessive heating of the flexible mounting de 
Vice may be avoided. 
The anode cooling path may be described as 

follows. Water is forced into the System through 
inlet 38 which is connected to a cavity header : 
closing the upper end of cylinder 2 which, in 
turn, communicates With a long, thin cylinder 
cavity 4 through which cavities Water foWS to 
the region 42 where its direction is reversed and 
it is forced up through narrow Serrated water 
channels or grooves Which channels present 
an increased Water-copper interface for the re 
moval of heat from the inner Surface of the 
anode 4. From these slotted grooves 4, Water 
moves upWardly into cavity 43 and Subsequently 
leaves through tube 39. It will be Seen, the thin 
cylinder member 44 acts as a partition between 
cavity 4 and the slotted or grooved water chan 
neis in the anode metal as shown at 4. This 
partition extends down to the region 42 as in 
dicated. 
The channels 4 may be somewhat Spiral in 

shape to improve the structural strength of the 
anode cylinder. Thus, each of the channels may 
execute a one-half turn around the cylinder. In 
addition to increasing the strength of the anode 
cylinder over one with straight channels, there 
is also increased cooling efficiency because of the 
increase in the turbulence in the COOlant. 

It may be seen that openingS Satisfactory for 
exhausting the tube are provided by the inside 
Surface of cylinder 3 communicating through 
holes in the mounting member 45. After ex 
haust, the exhaust tube is pinched Off at a posi 
tion near 47 and protected from damage by a 
cap 48 threaded into the cathode mounting ter 
minal 25 as indicated. During the exhaust op 
eration, the anode Water circulating appurte 
nances 38, 39, and header 49 water partition 44 
need not be in place. This is permissible be 
cause that part of the anode cooling System is not 
part of the vacuum tube envelope or evacuated 
System. 

Large glass insulating cylinders 5 and 50 are 
respectively associated with flanges 22, 20, 9 
and 6. These various fanges are gaSSed in a 
vacuumtight manner by a device to be described 
later in connection. With a more detailed descrip 
tion of the envelope mounting means. The Wari 
OLS vacuum tight members may be seen to be 
anode enclosure 52, anode Surface 4, extension 
2, anode lead cylinder 2, ring 23, gasket 9', 
flange 96, cylindrical member 95, glass cylinder 
5, cylindrical member 85, fange 20, wire gasket 
f7, steel ring f S, ring 5 f, steel ring f 6', wire 

ring gasket 7', cylindrical glass sealing mem 
ber 85, glass cylinder 50, cylindrical member 95, 
flange 96, gasket 9, ring f, cylindrical exten 
sion 30', beam forming extension or lead cylinder 
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10 
f7, ring 64, sleeve 6, seal at 28, sleeves fos and 
58, extension f3, exhaust tube i3 and pinch-off 
42. In the cathode heating lead system, flexible 
Copper diaphragm 26 conducts heating current 
to cylinder i3 and also provides limited mechan 
ical fiexibility between elements 25 and cylinder 
3 So that expansion due to the temperature dif 

ferences imay be absorbed in the diaphragm 26 
rather than to unduly strain the seal at 28. 

It should be observed that the electron conduc 
tion Space in the present tube is kept to such 
dinnensions that electron and ion paths are short. 
This feature is obvious when One considers the 
electron Conduction Space in the region of the 
cathode, beam former, grid and anode. 

Special precautions are taken to shield long 
l'adial Spaces as occur in the inactive beam 
former region from ion migration. Shield 69 
(See Figures 2, 3) is provided for that purpose. 
It operates at the potential of the grid top hat 
2 and extends as a concentric cylinder around 
the grid mounting device 9 and axially downward 
to a point just below the top end of the beam 
former. This shield prevents the movement of 

5 gaS ions from the anode 4 radially inward to 
Wards the mounting device 8 and the exhaust 
region of member 45. At the lower end of the 
active electronic region near the cathode sup 
port , there exists no opportunity for ions to 
iiOWe in long paths radially inwardly. 

Figures 9 and 10 represent the device for 
nourating the cathode and grid strands or sec 
tions and which will be described in detail with 
reference to the cathode mounting at 8. This de 
Vice contemplates providing cathode wires or bars 
With ground notches or grooves or reduced cross 
sections as shown at 76 which provides a head 7 
formed by the intersection of the original large 
and the ground small cross section 7 6. After 
grinding the Section is placed in a press provided 
With a Suitable die and hot headed or forged to 
form knife edge T. For use in conjunction with 
Such a knife headed wire, we have found that a 
notch 78 combined with a V-groove 79, in a 
Copper block 80, provides a unique means for 
mounting cathodes with a tensional force in the 
direction of arrow 8 . It can be seen that the 
knife head on the cathode section or wire will seat 
and center itself in the V-groove 9. We have 
found tungsten wire to be of sufficient mechani 
cal strength at elevated temperatures to with 
Stand Sufficient tensional force and to insure ex 
cellent and Sufficient contact between the copper 
block 89 ad the wire f. Such a mounting expe 
dient obviates the necessity for employing tedious 
Welding means in the mounting of cathode or grid 
Wires. Such a mounting means also further pro 
Vides a simple method for mounting tube struc 
tures without the use of heat. W. N. Parker ap 
plication Serial No. 95,432, filed May 26, 1949, and 
aSSigned to the assignee of the present applica 
tion describes in detail and claims the knife edge 
mounting and method of making the same. 
The temperature along a cathode wire. Section 

, is greatly influenced by a notch therein. Re 
ferring to Figure 10 it is apparent that because of 
heat conduction from cathode back through 
block 8 and the mount at 8 there would be a 
temperature gradient along the cathode in the 
absence of the notch and constricted portion 76 
So that the proper temperature for emission 
Would be reached a substantial distance away 
from the mounting. By enlarging the groove and 
thus the constricted portion 76 a relatively poor 
thermal path is provided; the region immediately 
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below the notch in Figure 10 being at Substantial 
ly the same temperature during Operation as a 
point removed therefrom along the cathode. By 
providing Such a lead loss correction emission is 
obtained from substantially the entire length of 
the cathode element with a substantial saving in 
heating current. Such an electrode structure is 
described and claimed in the application of L. P. 
Garner, Serial No. 95,398, filed May 26, 1949, and 
assigned to the assignee of the present applica 
tion. 

Referring to Figure 3 the inflexible cathode 
mount A is seen to be accomplished by the pre 
viously mentioned clip and groove arrangement. 
The groove and notches are provided in band 
which band is made separate from the beam 
former array 2 and fastened thereto by Solid 
diffusion taking place between gold plated band 
7 and beam former 2. This Operation is accol 
plished in pressure fixtures and at temperatures 
below the melting point of either gold or copper. 
The flexible grid mounting O is also accomplished 
by use of the aforesaid V-notch and groove clip 
arrangement, i.he enlarged knife head on the 
end of the grid wire 3 is mounted in a small V 
groove in copper block 86' which is made integral 
with other parts of the grid pantograph it by 
means of gold diffusion. The laminated panto 
graph ) is built up of thin laminations 84 of high 
speed tool steel copper-clad and gold diffused at 
the extreme ends as indicated. The high speed 
tool steel laminations are heat treated to form 
Springs. In other Words in the case of the grid 
pantograph the laminations 86. Which Serve aS 
hinges also Serve as tension SpringS. 
Each copper mounting block 80' is provided 

with flexible copper lamination 3 to conduct 
heat from the grid at points of contact to ring 8. 
This precaution is taken for two reasons, one 
being that high speed tool steel will lose its 
temper when heated above certain critical tem 
peratures and another reason being to provide 
additional radio frequency conductivity to the 
grids from ring 8 on the cathode-grid side in 
which cavity enormous radio frequency currents 
may flow. 

Reference may now be had more particularly to 
Figures 7 and 8 which are fragmentary perSpec 
tive Views of the upper end of the tube structure, 
showing in detail the regions beyond the actual 
electronic region. It was seen that the cathode 
is flexibly mounted at 8 in a pantograph-type 
mounting which provides flexibility only for 
longitudinal deformations Of the cathode Sections. 
The means for supporting or anchoring the cath 
ode wires in such pantographic mounting device 
was described with reference to Figures 9 and 10, 
namely, the clip-type cathode mounting. Ten 
sion for maintaining excellent thermal, electrical 
and mechanical contact between each of the 
cathode wires and its pantograph notch ar 
rangement at 8 is provided by a Spring 63 in a 
cavity of circular cross section inside tube 62. 
Tubular members 62 may be concentrically ar 
ranged in respect to a ring or base member 3 and 
corresponding in number to the cathode sections. 
In each instance the spring 63 acts against the 
base of a Small pointed insulating member 72 
which, in turn, exerts force against an arm de 
Vice (see Figure 3) which pivots about a full 
crum in ring 56 and exerts pressure on the under 
Side of the cathode pantograph at 68. The in 
sulating member 72 is required because the spring 
is at the potential of the far end of the cathode . 
The cathode pantograph mounting device 8 
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2 
consists of a large number of very thin lamina 
tions 82 of copper Which laminations are joined 
or bonded at their extreme ends but left free be 
tween the bonded regions. This free region of 
laminations provides a very fiexible hunge-like 
and pantograph-like device which can flex per 
pendicular to its plane. The device being made of 
copper presents relatively high thermal and elec 
trical conductivity required to supply the cath 
ode heating current. The cathode heating cur 
rent is conducted from lead f3, 3’ through flange 

6', ring 56 to the pantograph device then to the 
clip and to the end of the cathode wire . 
The independent flexible mounting and the 

clip-in mounting for the electrode elements is de 
Scribed and claimed in said Garner application 
Serial No. 95,398, filed May 26, 1949. In the ap 
plication of W. E. Harbaugh Serial No. 95,442, 
filed May 26, 1949, are described and claimed the 
Specific pantograph-like electrode element Sup 
ports ShoWn herein. Said Harbaugh application 
is also assigned to the assignee of the present ap 
plication. 
As an aid in guaranteeing accuracy of juxta 

position, and for other reasons to be discussed 
later, the vacuun Seal at 28 possessing consider 
able mechanical Strength and adequate insulat 
ing properties is mounted adjacent to the upper 
end of the beam forming element 2. This seal 
includes an appropriately shaped array of con 
centric metal sleeves 59, 60, sealed with glass 65, 
in Such a manner as to give a vacuumtight seal 
and One of great mechanical strength. U-shaped 
portion 66 of member 59 serves to aid immensely 
in Supplying mechanical strength. The concen 
tric Seal is installed by R. F. induction welding 
at 29 and 29' into sleeves 58 and 6 which sleeves 
have previously been silver Soldered to their re 
Spective proper lead members. 
In order that each cathode wire be mechan 

ically independent of adjacent and/or all other 
cathode wires the cathode mounting pantograph 
8 is arranged to have a separate hinge and clip 
joint for each cathode together with tension de 
Vice if, insulator 72, Spring 63, and spring cav 
ities 62. 

In Figure 6 it can be seen that each spring 
cavity is associated with a particular cathode wire 
only. The spring cavities 62 are arranged in a 
cylindrical cluster and all joined together by 
silver Soldiering at their ends to ring 73. This 
entire array can be fitted into a cavity between 
the beam former and sleeve 6 after completion 
of the R. F. induction Welding operation at 29, 
29'. As is apparent in Figure 3, the beam former 
is recessed adjacent its upper end and a ring 64 
connected thereto at the shoulder forms a seat 
for ring 73. Ring 64 may be provided with an 
annular slot into which the lower end of sleeve 
6 may be soldered. 

Heat conducted from the cathode clip mount 
ing 8 back through the pantograph laminations 
82 is further conducted through member 56 to a 
sleeve 06 connected to tubular extension 3. 
Extension 3 (Figure 3) above the portion there 
of to which sleeve f6 is affixed, is set back with 
partitions 07 radially disposed between exten 
Sion 3' and sleeve f(6 forming channels 07' 
which communicate with one another at the 
upper ends thereof over the upper edge of par 
titions 07. Flange 06’ on sleeve G6 is silver 
Soldered to extension 3'. Sleeve 06 extends 
Somewhat below water partition 3 and carries 
an arcuate ledge member 8 extending out 
Wardly therefrom and over channel 35. Alternate 
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channels f Ol' communicate with channels 35 by 
means of passages 99 formed in extension 3' 
while the remaining channels it communicate 
with channel 34 through the region above ledge 
108 by means of holes it in sleeve 06. Thus, 
coolant travels from channel 35 up through paS 
sages to 9 and alternate channels O' Over par 
titions OT and down through those channels 
Ol' which communicate with channel 34 through 

holes le. It is apparent that an effective ar 
rangement is provided for removing the heat con 
ducted from the mounting 8. 

It should be seen at this point that the mechan 
ical mounting of each cathode wire or element is 
such as to guarantee its mechanical independence 
from all other cathode wires. Associated cathode 
wires are mounted inside beam forming cavities 
in such a way that no cathodes can be greatly 
influenced by other associated Cathodes. 
The grid electrode 3 is seen to mount inflexibiy 

in the clip type mount at 3. This mounting, de 
vice is supplied in grid support hat 2. Grid 
support hat 2 is in turn held in position ne 
chanically and insulated by insulating member 

. The insulating member is preferably made 
of a ceramic body silver soldered or otherwise 
sealed to grid support hat 2. The detail of this 
silver soldering structure will be further dis 
cussed later. The insulator is further Silver 
soldered to member 53 which is Supported me 
chanically by mounting member 55 which in turn 
is supported by the cathode pantograph Struc 
ture at 55. The ceramic to metal silver soldering 
technique provides Sufficiently strong and rugged 
connection between metal and ceramic parts that 
it is possible to mount the grid support hat 2 
in a machine which holds it with respect to grid 
mounting grooves at 9 and machine shoulder 
83 in Such a Way as to guarantee parallelism and 
concentricity. Shoulder 83 is then mounted on 
mounting member 45 which in turn has been 
accurately located with respect to the cathode 
pantograph by means of shoulder 55 and Screws 
54 threaded through ring 44 and screws 54. 
The actual assembly of part 33 to 45 is conducted 
by passing screws 4 into place through holes 
75 in grid hat 2. The holes 75 in grid hat 2 are 
subsequently closed to ion conduction paths of 
ion shield 62 which also prevents ions from mi 
grating into the inner surface of the insulator 
from the grid anode region. Shield 6 is held in 
place on grid hat 2 by means of bolts 9 in 
threaded engagement with tapped holes 20. 
In fabricating the grid pantographs extensive 

use of the solid diffusion method of joining metals 
is made. The radial array of grid pantographs 
O are mounted between rings 3 and 42 which 

are clamped thereto by bolts 43 in threaded en 
gagement with retainer ring 4t. Bolts 3 
threadedly engaged to ring A serve to connect 
the same to ring 5 (see Fig. 3) in Such a Way aS 
to guarantee the V-notches being concentric 
with the beam former 2. In this Way the tube a S 
sembly is expedited in that no individual adjust 
ments are required for each grid wire. 
As mentioned earlier the vacuum- or gastight 

envelope is demountable, it being held together 
by a large number of bolts such as 92 in Figs. 
1, 2 and 3. It can be seen that the insulating 
glas member 50, Fig. 2, is sealed at its two ends 
to cylindrical members 85 and 95, such members 
being of a satisfactory alloy to permit glass-to 
metal sealing. Glass sealing member 95 is seen 
to be flanged at 96, such flange having small 
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4. 
and the other being outside the bolt circle. The 
glass sealing alloy fange 38 is Copper brazed to 
flange f6 of the same general analysis but of lower 
quality. The heavy flange 6 serves primarily 
as a mechanically rigid member capable of With 
standing considerable mechanical force with 
out causing deformation of the glass seal at the 
extremity of 95. The beads 8 are provided to 
facilitate applying enormous local pressures to 
Softer metal gasket 9. The gasket 9 is posi 
tioned between highly polished lands 2 on 
ring and the polished beads 87 on fiange 96. 
By means of bolts 92 provided with nuts 94 and 
97 and Washers 93 and 89, the system can be seen 
to be adapted for squeezing flat copper gasket 9 
with enoromous local pressures under beads 87. 
It has been found that when sufficient pressure 
is applied to a System of this character to guar 
antee plastic flow of gasket 9 there can be pro 
duced a vacuum tight yet demountable seal. In 
an envelope Satisfactory for a demountable vac 
uum tube and yet applicable to a Vacuum tube 
which may be sealed off and baked and pro 
cessed in a manner Satisfactory for attaining 
high Vacuum it is necessary that the demounta 
ble joint be made a refractory device. Bolt 92 
is a heat treated bolt made from a tool Steel alloy 
which has 'red-hard' characteristics. By virtue 
of these “red-hard' characteristics together with 
elongation characteristics such a bolt may be 
used as a Spring. These bolts 92 are com 
pounded and heat treated So that they will With 
stand long bake-outs at temperatures of 450° C. 
without losing their temper and at the same 
time without suffering normalization. In other 
Words nuts 97 and 94 may be drawn up so tight 
as to cause an elongation in bolt 92 correspond 
ing to a tensile stress of approximately 200,000 
pounds per square inch and when the bolt under 
this elongation is baked for many hours at 
450° C. the Spring action of the bolt is not 
seriously impaired. In other words, when the 
bolt is baked in the stressed and elongated con 
dition it does not seriously normalize or strain 
relieve but retains an enormous tensile Stress. 
Since ring and flange is are of a lower 

expansion material than bolt, 92 it is necessary 
that some expansion compensating means be 
provided. This means is provided in washers 93 
and 89 which washers are built of a material 
having a sufficiently high expansion coefficient to 
equalize the total expansion of bolt 92 with that 
of flange 6 and ring . By this means it is 
possible to bake the tightened system for many 
hours without the unit stress or Strain being Sub 
stantially modified. 
The material of which bolts 92 are made is 

an alloy compounded by the Carpenter Steel 
Company and sold under the name “883.' The 
washers as 93, 89 and So forth, are made of a 
stainless steel '18-8.' The rings 23, f, flanges 
5, 6 and 22 are made of “Kovar.’ The nuts 94, 
97 and so forth, are made of “18-4-1’ tool steel. 
The nuts and bolts are heat treated to high hard 
ness for reasons of strength as Well as reasons 
which have to do with preventing “freezing' 
under long high temperature bakeout. 
The detail of the anode gastight demountable 

seal or joint is in all respects Similar to the One 
just described between ring and flange 96. 
Glass member 5 (Figures 2 and 3) is Sealed at its 
two ends to cylindrical members 85’ and 95" simi 
lar to members 85 and 94. The fiange 98" On 
member 95 is copper brazed to flange 22 while 

radius beads 87, one being inside the bolt circle 75 member 85’ is similarly connected to flange 20. 

V 
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As will be noted the corresponding parts of the 
two seals have been identified in the drawings by 
the same numerals with those relating to the 
parts of the anode seal having a prime affixed 
thereto. 
A ring 6 and wire gaskets and 8 utilized 

in effecting the demountable gastight Seal at the 
grid terminal ring 5 is shown in detail in Fig 
ures 11 and 12. In Figure 3 it is clearly ap 
parent that ring 5 has two annular grooves, One 
in its upper and one in its lower Surface. Rings 

6, 6' are brazed or otherwise connected into 
each of the grooves. Each ring 6, 6’ has 
an annular groove in its face opposite to that 
connected to ring 5A, forming lands 22, 23 
which are highly polished. A suitable material 
from which rings i G, 6' may be formed is 
Carpenter Steel Company alloy sold under the 
name “Vega. The air hardening characteristics 
of this alloy give sufficient hardness when heated 
to the silver soldering temperature required to 
join this material to copper. Flanges 9 and 28 
are made of Carpenter Steel Company alloy '883' 
which air hardens to adequate hardneSS at cop 
per brazing temperatures (1100° C.) when the 
flanges are joined to glass sealing cylinder's 5, 
85'. 
highly polished lands 24, 25 similar to lands 
22, 23 on ring 6 (Fig. 12). Wire gaskets 7, 
8 are interposed between the respective coin 

plementary lands on the abutting rings and 
flanges as shown in Figure 3. AS in the case of 
the anode and cathode terminal bolts 92 and 
nuts 94, 9 are utilized to apply enormous pres 
sure to cause plastic flow of the copper wire 
gasketS. 
In order to render flanges 9 and 23 vaccum 

or gastight they are electroplated with approxi 
mately a .0015 inch thickness of copper previous 
to their being brazed to their respective cylinders 
85, 85’. Rings 6, 3' are also rendered vac 
uuntight by first coating with approximately 
.001-0015 inch copper and then .00075 inch silver 
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prior to silver soldering said rings to ring 5 
utilizing the Ag-Cu eutectic Solder which forms 
from the coatings. 

It is apparent that two types of demountable 
gastight compression Seals, that at the grid ter 
minal and those at the cathode and anode ter 
minals, have been described and either may be 
utilized as desired. 

Referring once more to Figure 2 and as pointed 
out herein above, the central cathode lead 3 is 
electrically connected with terminal 25 through 
flexible diaphragm 26. Teriiniinal 25 is insulated 
from flange terminal 34 by means of a mica, 
Washer 2, which Washer is claiaged between 
stainless steel rings 3 and 2. This insulated 
Seal is watertight because cooling water inside 
cavity 36 must be kept within the water cooling 
System. These stainless steel rings is and 22 
are also provided with pressure intensifying lands 
as indicated to guarantee watertight seals be 
tween flanges 24 and the fianges of lead 23 and 
the diaphragm. 35. BoltS 23 of stainless steel 
'18-8' and nuts 28, :33 effect the Watertight 
seal as described above. Bushing 27 of ceramic 
or the like as well as mica, washer 23 serve to 
insulate bolts 26 and nuts 33 from terminal 
25. Diaphragm 25 is provided to insure sufficient 
longitudinal flexibility to cathode conductor 3, 
3' to guarantee that during processing or opera 

tion should excessive temperature differences oc 
cur between conductor 3, 3’ and beam former 
2 cylinders , 39, 30' that excessive mechanical 
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Strain Would not be ingoSed upon the vacuumi-. 
tight Seal 23. The diaphragm 26 is sufficiently 
Well water cooled to insure safe operation even 
though a catinode current of Several thou Sand 
amperes may be required to heat the cathodes. 
AS previously pointed out Water for cooling the 

Various internal structures of the tube is admitted 
through inlet 32 which communicates with chan 
nels 33, 35, it; and 34, and is withdrawn through 
outlet 33. The Water partition 3i (Fig. 2) can be 
Seen to be Silver soldered at 3 to the inner por 
tion of ring S and has a flange 2 abutting a 
Shoulder 99 on the inside of cylinder 30. Copper 
tubing 32 is wound around partition 3 to form 
a helix which serves to guide the cooling Water 
in a Spiral path as it travels doWinWard in chan 
nei Si. In addition tubing 32 spaces partition 
3 from cylinder Ai. 
AS described above, the pantographic mount 

ing consists of a large number of thin laimina 
tions ShoWin Schematically joined rigidly in two 
extreme end regions, said end regions being Sep 
arated by parallel slidabie laiminations. Because 
of the ununited long portions of laminations, the 
evice is very flexible and because of the geo 

inetric Shape resulting from the aggregate Stack 
thickneSS of the lamiinations, the device flexes in 
a manner Similar to the Weli-known pantograph 
which is the basis for designating the construc 
tion as a pantographic mounting. As a panto 
graphic not inting device flexes in a plane per 
pendicular of the plane of the laminations, the 
deflected end remains Substantially parallel to its 
Original position. By virtue of this feature, the 
mounting Will introduce little or no bending 
movement in the cathode and/or grid mounted 
therein. 

It Will be noted that the pantographic mount 
ing device is quite rigid with respect to all de 
grees of freedom except that in a plane per 
pendicular to the plane of the aiminations in 
their bonded regions. This plane which is per 
pendicular to the plane of laminations is chosen 
as the plane in which freedom in one degree or 
direction is provided the elements being Sup 
ported or carried in the paintographic mounting 
devices. AS previously pointed out, the freedom 
of motion in One degree or direction is required 
for each section or element of a cathode or grid 
Wire On account of the elongation thereof due to 
expansion. This inherent elongation of the wire 
is accommodated by the flexing of the panto 
graphic mounting device perpendicular to the 
plane of its lailinations in their bonded regions. 
It can thus be seen that the pantograph con 
Strains motions perpendicular to the axis of 
elongation or the axis of the wire. With each 
Wire provided With an individual mounting de 
Vice, it is obvious that no cathode or grid wire 
Section in a structure of any size is in any way 
influenced by expanding or deforming of any 
other Wire Similarly mounted. Obviously, the in 
troduction of Such a mounting device as con 
templated by our construction, obviates limita 
tions of Over all or aggregate size of such devices. 
Further, a tube may be constructed comprising 
literally an unlimited number of such independ 
ent mounting devices with the assurance that no 
cathode or grid wire section will be influenced 
by any other Cathode or grid wire section. 
The Cathode as shown in the electron optical 

device of Figure 6 can be seen to be of a trape 
Zoidal CrOSS section. The wire originally is round 
in CrOSS Section but may be deformed or shaped 
trapezoidally by heating the round tungsten wire 
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in a hydrogen atmosphere and moving the wire: 
hot, into roller-type tubes, one of which rollers. . 
is ground With a recessed annular. Contour COr 
responding to the Smaller face, contours of the 
tungsten wire. 

Section in one pass therethrough... The grid ele 
ments 3 of the present tube are likewise made of 
tungsten by a proceSS of forming round wires 
into other cross-sections more appropriate for use 
as grid elements in the electron optical System. 
The apparatus for forming the cathode and grid 
wires are expedients which are not Specifically 
parts of the present invention but are utilized 
therein to facilitate, the production of our tube. 
As indicated the cathode and grid Sections are 
made of tungsten however other suitable metals 
may be utilized. 
Another novel feature of construction of the 

present invention relates to insulating member 
which is supported on metal member 53. Briefly, 
the process involves silver soldering or fusing by. 
copper brazing or otherwise the ceramic member 

to the dish-shaped metal hat 2 and dish 
shaped metal piece 53. In order that a satis 
factory metal to ceramic bond be insured and 
that said bond be insured between metals and 
ceramics of widely different thermal expansion 
characteristics, the metal pieces in the region in 
contact with the ends of the ceramic are Ser 
rated in such a manner as to form finger pieces 
or Small areas. Of metal in contact with the 
ceramic so that the stresses resulting from ther 
mal expansion mismatches of the metal and 
ceramic do not exceed the rupture Strength of 
the ceramic material. This facilitates the Inak 
ing of accurate insulated partS or Support struc 
tures. The strength of such a metal to ceramic 
bond or seal is sufficiently great that the grid 
Support 2 may be mounted in a machine and SO 
mounted with respect to the mounting notches 9 
that the ledge 83 of metal part 53 joins through 
ceramic i to hat 2 and may be directly ma 
chined to critical diameters and face Shaped. 
This procedure greatly simplifies accurate mount 
ing of the grid hat 2 With respect to central 
conductor 3. 
The seal at 28 is mounted in the tube in a 

manner utilizing high frequency induction Weld 
ing and covered by a co-pending application filed 
by L. P. Garner and W. N. Parker and bearing 
Serial Number 17,824, filed March 30, 1948. 
The intensely cooled anode 4 as previously de 

scribed is so constructed that the outer exten 
sion 24 may be made of the same piece of copper 
as the intensely cooled bombarded region 4 in 
which the cavities 4 are formed. The thin Wall 
tubular extension 2' is made to fold back around 
region 42 as indicated (Figures 2 and 3). It may 
be seen with reference to Figure 2 that the exter 
nal anode Water connecting and directing System 
38, 39, 49 and water partition 44 are mounted 
together in such a way that they need not be in 
stalled until the tube has been processed and is 
ready for operation. The header 49 is seen to be 
connected by bolts. 33 secured by nuts 34 to 
steel ring 35 silver soldered to cylinder 23 ad 
jacent the upper end thereof. A copper ring 36 
is silver soldered to steel ring 35 and to cylinder 
2 . A rubber or cork gasket 137 between ring 38 
and header 49 serves to make the seal Water 
tight. Prior to the assembly of the header 49 to 
cylinder 2, a flange (not shown) may conven 
iently be utilized to close the end of cylinder 2 
during processing of the tube or the anode. Water 

As the Wire, proceeds through 
the Set of rollers it assumes a trapezoidal CrOSS 
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cavity may be evacuated with header: 49 in place. 
An auxiliary jacket 38, the lower end of which 
may be connected to ring 23, is provided around 
the Upper portion of cylinder 2, and has an inlet 
39 and outlet 4). During a late stage of the 
Vacuum processing When the cathode strands or 
sections are heated and the anode surface is heat 
ed by radiation from the cathodes, the anode tem 
perature rises to approximately 800° C. To avoid 
deleterious Oxidation of the outer Surfaces of the 
anode and adjacent parts this is carried out in a 
vacuum or a non-oxidizing atmosphere. Heat 
radiated from the anode heats up cylinder 2, and 
by circulating coolant through jacket 33 rupture 
of the anode terminal seal is prevented. Also 
the Silver Solder joint between cylinder 2 and 
extension 2 f' is kept from being melted by the 
heat by providing cooling at the upper end of 
cyinder 2i. When a vacuum obtains in the anode 

I water cooling region the anode is protected . 
against collapse as a result of the difference be 
tWeen the internal low pressure and external at 
mospheric pressure Which otherwise would be 
present. 

In processing the tube illustrated, the lower 
end of cylinder 3 is connected to a vacuum pump 
and the interior electron region is evacuated. 
The cathode Wire Sections are flashed at Some 
what below operating temperature for short in 

i-tervals and then the tube is placed in a vacuum 
oven for bake-out where the temperature is grad 
ually raised to 400° C. and maintained for sev 
eral hours. The temperature is then gradually 
lowered to room temperature and water. is ad 
mitted through inlet 32, following which the an 
Ode is processed as described above. After, the 
anode has cooled, header 49, etc. is installed and 
the cathode is heated to Somewhat above operat 
ing temperature. Further out-gassing is then 
carried on by the conventional method of elec 
tron bombardment of the grid and anode. Final 
ly the tube may be sealed by pinching off metal 
tube 4 as indicated in U. S. Patent No. 2,427,597 
issued to T. P. Garner. 
A tube having the following internal Spacings 

and With forty-eight discrete cathode sections and 
forty-eight discrete grid Sections having an ap-. 
proximate active length of 7.5-inches when tested 
by us had a power output of 500,000 watts with a 
plate voltage of 20,000 v., driving power 1,000 
watts, and cathode heating power 13,000 watts. 
The anode active surface was spaced 0.320-inch 
from the beam former (protruding. Surfaces) 
While the beam former channels. 2d were 0.100 
inch in width. The active surface of each cath 
ode section was 0.056-inch in width and Set back 
in its beam former channel to a depth of 0.25 
inch. Each grid section was 0.062 inch thick in 
the direction toward the anode and Spaced 0.030. 
inch from the beam former. 
The glass envelope, together With means for 

mounting and constructing the Sane, may en 
ploy ordinary conventional glass blowing prac 
tice, employed in the manufacture of envelope 

We prefer to form each 
of the cylinders 5 or 50 from a pair of glass 
spools: They are constructed, however, in Such 
a way that conventional glass blowing practice 
of jigging is used only in glassing the metal to 
one end of a glass spool at a time, the other end 
of each glass spool remaining unattached until 
later when the free ends of glass of each Spool 
are joined to form cylinder 5 or 5. While the 
metal-fanges associated with each of the un 
attached glass spools are held in a precision. jig. 
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which guarantees extraordinary accurate joining 
of the glass spools to insure that the metal flanges 
are parallel, concentric and/or coaxial. This 
jigging device consists essentially of flanges to 
which the envelope flanges are rigidly mounted, 
said jigging flanges being Supported on a central 
rod or mandrel which is held in a single glass 
lathe chuck. By utilizing the mandrel to guar 
antee coaxial and parallel condition of the en 
velope flanges rather than two glass lathe chuckS, 
it is possible to achieve a substantially higher 
degree of accuracy in the mechanical physical lo 
cation of the flanges than could be achieved 
through the use of current glass lathe techniques. 
After the flanges have been glassed and the two 
flanged members joined, the sealed edges of the 
flanges 6, 9, 20 and 22 are lapped to guarantee 
sufficient flatness to avoid warping and conse 
quent breaking of glass during the Subsequent 
mounting operation which involves bolting the 
insulating Spool flanges to lead ringS. 
Though we have described our invention with 

respect to the specific tube illustrated we do 
not desire to be limited thereto since Various 
modifications within the Spirit and scope of Our 
invention may be made thereto. As for example, 
the cathode and grid Sections though having been 
shown as flexibly mounted at One end and in 
flexibly at the other may also be flexibly mounted 
at both ends. Furthermore, instead of position 
ing the cathode centrally and the anode as the 
outermost electrode their order may be reversed 
and the anode may be centrally located. Other 
modifications also readily suggest themselves, each 
of the electrodes may be arranged in single planes, 
and therefore the foregoing are offered by way 
of illustration and not by way of limitation. 
Therefore, while our invention is subject to ob 
vious modifications by those skilled in the art, 
it is intended to cover all such modifications as 
come Within the Scope of the appended claims. 
We claim: 
1. An electron discharge device, comprising an 

electrode having an array of mechanically sepa 
rate elements, a control electrode having an array 
of mechanically separate elements, and a mount 
for Said electrodes including resilient means for 
independently tensioning each element of said 
electrode and each element of said control elec 
trode. 

2. An electron discharge device, comprising a 
pair of Supporting conductors in spaced apart re 
lation, one of Said supporting conductors having 
a plurality of channels formed therein, an elec 
trode having a plurality of discrete spaced apart 
elements one in each of said channels and con 
nected adjacent one end thereof to said support 
ing conductor, flexible means removably con 
nected to each of said elements adjacent the 
other end thereof and supported on the other of 
Said conductors, and resilient means on Said 
channeled conductor and in engagement with 
Said flexible means. 

3. An electron discharge device, comprising a 
supporting conductor having a plurality of chan 
nels formed therein, an electrode having a piu 
rality of discrete spaced apart elements one ex 
tending through each of said channels and con 
nected adjacent one end thereof to said support 
ing conductor, and means separately and inde 
pendently tensioning each of said elements ad 
jacent the other end thereof. 

4. In an electron discharge device, a pair of 
Supporting conductors in spaced apart relation, 
One of Said Supporting conductors having a plu 
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20 
rality of channels formed therein, an electrode 
having a plurality of discrete spaced apart ele 
ments one extending through each of Said chall 
nels and connected adjacent one end thereof to 
Said Supporting conductor, flexible means remov 
ably connected to each of said elements adjacent 
the other end thereof and Supported on the other 
of Said conductors, resilient means supported on 
said channeled conductor and insulatingly en 
gaging said flexible means, and means insulat 
ingly connecting and spacing said conductors. 

5. In an electron discharge device, in combina 
tion, a beam forming electron optical System in 
terposed between a cathode and an anode and 
a flexible pantographic mounting mechanism for 
said Cathode. 

6. In an electron discharge device, in combina 
tion, a beam forming electron optical System in 
terposed between a cathcde and an anode, a flex 
ible mounting mechanism for said cathode, Said 
cáthode being corposed of separately mounted 
discrete elements, each of said elements adjacent 
the ends thereof being removably connected to 
said mounting mechanism through a slot formed 
therein, and resilient means for maintaining each 
of said elements taut under all conditions. 

7. In an electron discharge device, an elec 
ti'Ode having an array of discrete Spaced apart 
elements, coaxial and concentric liquid cooled 
Slipporting conductors in spaced apart relation, 
flexible means connected to each of said elements 
and to one of said Supporting conductors, resili 
ent in eans on the other of Said Supporting coil 
ductors and in engagement with said fiexible 
means, each of said Sections being connected to 
Said other Supporting conductor at a point re 
note from Said flexible means, and a partition 
positioned in the space between Said Supporting 
conductors and coaxial there with. 

8. An electron discharge device, comprising an 
electrode having an array of discrete elements, 
coaxial and concentric liquid cooled Supporting 
and conducting members in Spaced apart l'ela 
tion, flexible means Supporting each of Said Sec 
tions and Supported on the inner one of Said men 
bers, resilient means on the outer member and in 
engagement with said flexible means, each of 
said sections being connected to the outer mem 
ber at a point reincte from Said flexible means, 
and a partition positioned in the Space between 
said members and coaxial therewith, said outer 
member having an inlet and outlet communicat 
ing with the channels formed by said partition, 
said inner member having channels therein ad 
jacent said flexible means and communicating 
with the channels between the inner and outer 
members for conducting heat away from Said 
flexible means. 

9. An electron discharge device, comprising co 
axial and concentric liquid cooled Supporting 
conducting members, the outer member having 
a plurality of channels formed therein, an elec 
trode having a plurality of discrete elements 
one extending through each of Said channels and 
connected adjacent. One end thereof to said outer 
member, a plurality of mutually independent 
flexible means one for each of Said Sections and 
supporting the same adjacent the other end 
thereof, said fiexible means being Supported on 
said inner member, a plurality of resilient lineans 
on Said outer neimber one for each of Said flex 
ible means and engaging the same, a palitio. 
positioned in the space between said members and 
coaxial therewith, Said outer member having an 
inlet and outlet communicating with the chan 
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nels formed by said. partition, and said inner 
member having channels therein adjacent. Said 
flexible means and communicating . With the 
channels between the inner and outer menabel's 
for conducting heat away from Said fiexible 
eaS. 
10. In an electron discharge device, a cathode 

having a circular array of a plurality of elon 
gated discrete and separate elements, a grid havn 
ing an array of a plurality of elongated discrete 
and separate elements concentric with Said 
cathode, and a beam forming conducting member 
electrically connected to the cathode and having 
a plurality of channels formed in its Surface one 
for each of said cathode elementS,...each of Said 
cathode elements extending through cine of Said 
channels, and said grid elements being angularly 
radially Offset from Said Cathode eleinentS. 

11. An electron discharge device, coln prising a 
circular array of a plurality of discrete cathode 
elements, inner and outer coaxial conducting 
supporting members, a circular array of a plu 
rality of flexible means mutually independent at 
the end thereof where reach one SupportS one of 
said cathode elements, said flexible lineans being 
supported on Said inner member, each of Said 
elements being connected to the outer member at 
a point, remote, from said flexible means, a cir 
cular array of tubular me?abel's Supported o: Said 
otter. In ember adjacent the flexible means, and a 
plurality of resilient means one in each of Said 
tubular members and engaging One of Said flex 
ible means. 

12. An electron discharge device, coin prising a 
circular array of a plurality of discrete cathode 
elementS, inner and outer coaxial conducting Sup 
porting members, a circular airay of a plurality 
of flexible means mutually independent at the 
end thereof where each one supports one of said 
Cathode elements, Said flexible means being Sup 
ported on Said inner in ember, each of Said: ele 
In entS. being connected to the outer naenager at a 
point remote from said flexible means, said outer 
member having a recessed portion forming a 
shoulder adjacent Said flexible means, a circuiar 
array of a plurality of tubular members One for 
each of said flexible lineans and positioned. On 
said shoulder, a plurality of resilent means one 
in each of Said tubular inherinbers, and in Sulating 
members one slidable in each of said tubular 
members, Said resilient means uirging Said in 
sulating members against Said flexible means. 

13. An electron discharge device, comprising a 
cathode forning a circular array and composed 
of a plurality of individual elements, Water 
cooled coaxial and concentric Suppoiting coll 
ductors, a plurality of illexible means one in 
dividually supporting each of Said cathode ele 
ments and Supported on the inner one of Said 
conductors, each of Said elementS being connected 
to the outer conductor at a point remote from Said 
flexible means, said outer member having aire 
cessed portion forming a shoulder adjacent said 
fieXible means, a circular array of tubula.; SAn 
bers on said shoulder one for each of Said flex 
ible maans and coranected to said outer conduc 
tor, a plurality of resilient means one on each of 
said tubular members and each engaging one of 
said flexible means, means insulatingly connect 
ing and Spacing said conductors at the ends there 
of adjacent Said flexible means, and an axially 
flexible conducting, diaphragm connected to said 
innei conductor adjacent the other end thereof 
and insulatedly supported from Said outer con 
ductor, 
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14. An electron discharge device, comprising 

a cathode and grid structure...each forming a cir 
cular array and concentrically mounted, Said 
cathode and grid each being coin posed of a plu 
Itality of individual bar-shaped elongated ele 
ments, and meals individually tensioning, each 
element of said cathode and each element of Said 
grid. 

15. An electron discharge device, comprising 
a plurality of elongated bar-shaped individual 
cathode elements arranged in a circular, array, 
a plurality of elongated bar-shaped individual 
grid elements arranged in a circular array Con 
centric with said cathode elements, and means 
individually and independently: tensioning each 
of said cathode and grid elements in the direction 
of their longitudinal axis. 

16. An electron discharge. device, comprising 
a pair of coaxial and concentric Supporting con 
ductors, a plurality of elongated individual 
cathode elements, means readily removably con 
nected to each of said elements adjacent the 
ends thereof and connected to said conductors for 
tensioning said elements longitudinally, a. plu 
rality of elongated individual grid elements in 
spaced relation with said cathode elements, a grid 
support member insulated from and Supported 
on one of Said conductors, each of Said grid ele 
ments being supported by said grid support mem 
her adjacent one end thereof, and resilient means 
readily releasably connected to each of said grid 
elements adjacent the other end thereof for 
tensioning the Same. 

17. An electron discharge device, comprising 
a pair of coaxial and concentric supporting con 
ductors, a plurality of elongated spaced apart 
cathode elements, means quick detachably con 
nected to each of said cathode elements adjacent 
the ends thereof and connected to said con 
ductors and tensioning said cathode elements 
longitudinally and Supporting the Same in a 
cylindric array, a plurality of elongated spaced 
apart grid elements, a grid Support member in 
Sulated from and Supported. On One Of Said con 
ductors, each of said grid elements being sup 
ported by said grid support member adjacent 
one end thereof, a grid terminal, and resilient 
means Supported from Said grid terminal, and 
quick detachably connected to each of Said grid 
elements adjacent the other end thereof for 
tensioning and positioning the same in spaced 
relation to said cathode elements. 

18. An electron discharge device, as described 
in clair in 17, wherein said resilient means.com 
prises a plurality of Spaced resilient members 
readily removably connected to said grid ter 
minal. 
19. An electron discharge device, aS, described 

in claim 17, wherein said resilient means com 
prises a plurality of spaced resilient members one 
for each of said grid sections... and releasably 
clamped in circular, array to said grid terminal. 

20. An electron discharge... device, comprising 
a pair of coaxial Concentric, hollow supporting 
conductors, a plurality of elongated Spaced apart 
cathode elements each individually quick detach 
ably flexibly Supported. On Said conductors, a 
grid Support including an insulating member re 
movably supported on one of Said conductors, 
a grid-terminal, a plurality of Spaced apart re 
silientinenbers-releasably supported from said 
grid terrainal, a plurality of elongated Spaced 
apart grid elements equal in number, to said 

75 cathode elements and each...individually quick 



2,544,664 
23 

detachably flexibly supported by said grid Sup 
port and said resilient members. 

21. An electron discharge device, as described 
in claim 20, wherein said grid support further 
comprises an apertured cup shaped member hav 
ing an outward extending peripheral flange, Said 
insulating body has an aperture therethrough in 
registration with the aperture in Said cup shaped 
member, and a shield is supported on Said Cup 
shaped member and connected thereto which 
closes said apertures and is adapted to form an 
ion barrier. 

22. An electron discharge device, as described 
in claim 21, wherein a second shield is connected 
to said cup shaped member, Surrounds Said 
peripheral flange, and extends to the active 
region of the device, said shields being elec 
trically connected to said grid elements. 

23. An electron discharge device, comprising 
a reentrant anode having an end thereof turned 
back upon itself, a hollow anode conductor co 
axial with said anode and connected to Said 
turned back portion, a header connected to Said 
anode conductor, a cooling fluid partition de 
pending from said header and extending between 
said reentrant anode and said conductor, Said 
anode having channels formed therein and coin 
municating at One end with the region between 
the anode and the partition and at the other end 
communicating with the region between Said 
partition and said conductor. 

24. An electron discharge device, comprising 
a reentrant anode having a closed end and the 
other end turned back upon itself, an anode Con 
ductor coaxial with said anode and sealed to Said 
turned back portion, a header demountably Con 
nected to said anode conductor, a cooling fluid 
partition depending from said header and extend 
ing between said reentrant anode and Said COin 
ductor, said anode having channels formed there 
in along at least a portion of its inactive Surface, 
said partition Snugly Surrounding said anode SO 
as to close all but the ends of said channels, Said 
channels communicating at one end with the 
region between the anode and the partition and 
at the other end communicating with the region 
between said partition and said conductor. 

25. In an electron discharge device, in Com 
bination, a beam forming electron optical Systern 
interposed between a cathode and an anode, Said 
optical system including beam forming cavities 
into which sections of the cathode are positioned 
within the protruding edges of the beam forming 
elements, a sectionalized grid the sections of 
which have a thin edge formed by an acute angle 
with the surface opposing the bean former, Said 
thin edge being positioned in a direction perpen 
dicular to a line drawn between the Cathode and 
the anode, thus minimizing electron collection by 
the grid elements. 

26. An electron discharge device, comprising 
a plurality of spaced cathode elements, means 
movably supporting each of Said cathode ele 
ments in a mutually independent array, an elec 
tron optical system including a beam former, 
said beam former having Spaced recesses within 
which are located individual Sections of the 
cathode, said beam former constituting means 
for focusing electrons. 

27. An electron discharge device, comprising 
concentrically and coaxially arranged cathode, 
beam former, grid and anode structures forming 
cylindrical arrays, said cathode and grid each in 
cluding a plurality of spaced elements, Said ele 
ments and beam forming Surfaces being of equal 
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number and the arrangement of the beam former 
being of intermediate diameter to the cathode air 
ray diameter and the grid array diameter, a pan 
tograph for mounting Said cathode, a pantograph 
for mounting said grid, means for cooling Said 
anode, and an enclosing envelope for all of Said 
electrode structures. 

28. An electron discharge device, comprising 
concentrically and coaxially arranged cathode, 
beam former, grid and anode structures forming 
cylindrical arrays, said cathode and grid each in 
cluding a plurality of Spaced elements, Said beam 
former having recesses with beam forming Sur 
faces intermediate said recesses, said elements 
and beam forming surfaces being of equal num 
ber, one of said cathode elements being located 
in each of said recesses, the beam forming Sur 
faces being of intermediate diameter to the cath 
ode array diameter and the grid array diameter, 
each of said bean forming Surfaces being angul 
larly coincident to one of Said grid elements. 

29. An electron discharge device, comprising 
concentric cylindrical arrays of Spaced Cathode 
elements and spaced grid elementS, a panto 
graphic system independently supporting each 
element of said cathode array and each element 
of said grid array, an anode having a cylindrical 
Silrface which Surrounds the cylindrical array of 
electrode elements, means for focusing the elec 
tron stream, and cooling means comprising a plu 
rality of members forming channels through 
Which a cooling liquid is circulated. 

30. An electron discharge device comprising 
concentrically and coaxially arranged unitary 
Structures including a cathode, beam former, grid 
and anode having progressively different diam 
eter's in the Order mentioned, said cathode and 
said grid further comprising a plurality of me 
chanically independent elements. 

31. An electron discharge device, comprising a 
beam forming electron optical element having a 
plurality of Spaced cavities formed therein and 
interposed between a cathode and a grid, said 
cathode comprising a plurality of spaced elements 
which elements are out of round in cross section, 
each of Said elements being mechanically inde 
pendent of the others and confined withiin Said 
spaced cavities. 

32. An electron discharge device, comprising a 
beam forming electron optical element having a 
plurality of spaced cavities formed therein and 
interposed between a cathode and a grid, Said 
cathode comprising a plurality of spaced elementS 
One in each of Said cavities which elements each 
have a trapezoidal cross section, said elements 
being mechanically independent of each other. 

33. In an electron discharge device, in combina 
tion, a beam former integrated into an electrode 
system comprising a cathode, a grid and an anode 
so as to produce an electron optical System, the 
cathode and the grid each comprising a plurality 
of spaced and individually mounted elementS, the 
cathode elements having an emitting surface at 
least on one side and constituting the Source of 
an electron stream, the beam former being re 
cessed intermittently so as to form Spaced cavi 
ties into which the several cathode eleinents are 
dropped within the protruding edges of the bean 
forning elements, the grid elements being ar 
ranged and Supported away from the bearin fori in 
er and Without the electron Streal. 

34. In an electron discharge device as described 
in claim 33, wherein the beam forming element 
operates at Substantially the potential of the 
cathode. 
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35. In an electron discharge device as described 
in claim 33, Wherein each cathode element is trap 
eZoidal in CrOSS Section and each grid element is 
triangular. 

36. In an electron discharge device as described 
in claim 33, wherein each grid element is trape 
Zoidal in cross Section and the broadest Surface 
thereof faces the beam former. 

37. In an electron discharge device as described 
in claim 33, wherein each Cathode element has a . 
cross section with one side larger than the others 
and said larger side being disposed toward the 
opening of said beam former cavity. 

38. In an electron discharge device as described 
in claim 33, each of said grid elements having one. 
Side broader than the others and disposed toward 
the beam former surface, each of the adjoining 
surfaces of the grid element being - of less area, 
than the surface opposing the beam former. 

39. In an electron discharge device having at 
least two spaced apart terminals surrounding the 
Sane and Sealed to conductors which extend into 
the device, an insulating member surrounding 
said device and having metallic flanges sealed 
thereto at the ends thereof, said insulating men 
ber being disposed between said terminals with 
each of Said flanges opposed to one of said ter 
minals, a metallic gasket softer than said ter 
minals and flanges and interposed between each 
of Said opposed terminals and fanges, the aSSo 
ciated flanges and terminals having a plurality 
of allined holes formed therethrough and in an 
endless array, each of Said flanges having con 
tinuous endless, bead portions projecting from 
the Surface thereof, and in registration with said 
gaskets One being positioned in Wardly of said 
holes and one outwardly, the bead portions on 
the fianges registering With the bead portions 
on the opposed terminals, a plurality of threaded 
means one extending through each of Said holes, 
means in threaded engagement with each of said 
threaded means and applying sufficient pressure 
to Said associated flanges, bead portions, gaskets 
and terminals to join them in airtight relation. 

40. In an electron discharge device, ... as de 
Scribed in claim 39, wherein said threaded means 
further comprises bolts having red-hard char 
acteristics capable of retaining a tensile stress 
Of approximately 200,000 pounds per Square inch 
While being baked at a temperature of approxi 
mately 450° C. 

41. In an electron discharge device, as de 
scribed in claim 39, wherein said threaded means 
further comprise bolts and wherein said terminals 
and said flanges are of lower expansion material 
than Said bolts, and washers of Sufficiently high 
eXpansion coefficient to substantially equalize the 
total expansion of Said bolts With that of said 
terminals and flanges are interposed between 
each of the means in threaded engagement with 
Said bolts and the flanges, and terminals aSSO 
ciated thereWith. 

42. In an electron discharge device, a terminal 
encircling said device, an insulating member 
forming part of the air-tight enclosure of Said 
device and having at least one end provided with 
a flange Sealed thereto, and means readily de 
mountably sealing...said insulating member to said 
terminal, said means comprising a Second flange 
of thicker cross Section than said first mentioned 
flange and Sealed thereto, Said Second flange. en 
circling said device and having an endless array 
of holes formed therein, a ring Sealed to Said ter 
minal, said ring and Said terminal having holes 
formed therein in registration with the holes in 
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said second flange, said second flange, and said 
'ring being in registration one with the others and 
having continuous complementary lands one in 
Wardly. Of the array of holes and one outwardly 
thereof, one Wire gasket between the complemen 
tary lands on Said terminal and Second flange, 

... and a plurality: of means extending through: said 
i.alined holes and maintaining Said terminal and 
... Second: flange, under. Sufficient compression to 
0. form...an airtight seal between Said complemen 
...tary lands and said Wire: gasketS. 

::43. In an electron discharge device having a 
ring-shaped terminal Sealed through the air 

...tight envelope thereof, means readily removably 
15, connecting said terminal to said envelope.com 

prising a pair of annular flanges one connected 
I to each end of said envelope and in opposed re 

...lation, Said terminal extending between said 
5...iflanges, a pair of rings one sealed to each side 
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of Said terminal and in registration with ones of 
Said flanges, each of said rings being associated 
With . One of Said flanges, said associated rings 
and flanges, having complementary lands formed 
therein which are in registration, a plurality of 
holes extending through said flanges, rings and 
terminal intermediate said lands, wire: gaskets 
positioned between each of said complementary 
lands, and a plurality of means one extending 
through each of said holes and maintaining, said 
flanges and ringS under sufficient compression to 
form an airtight seal between said complemen 
tary lands and said wire gaskets. 
44. An electron discharge device, comprising a 

plurality of tubular electrode lead-ins and sup 
porting Conductors, a gastight envelope, each of 
Said Supporting conductors forming a portion of 
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said envelope and being coaxial and concentric 
One With the other, a plurality of discrete spaced 
elements forming a cathode and quick detach 
ably connected to two of said supporting con 
ductors, one of Which has a plurality of chan 
nels formed in a Surface thereof and each of the 
cathode elements extending in one of said chan 
nels, an anode connected to a third one of said 
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supporting conductors and coaxial therewith, an 
annular grid terminal interposed in said envelope, 
a plurality of discrete Spaced apart elements 

* forming a grid electrode, and means connected to 
Said grid terminal and one of said supporting 
conductors, and quick detachably engaging, and 
Supporting each of Said grid elements. 

45. An electron discharge device, comprising 
three concentric coaxial supporting conductors, 
a gaStight envelope, each of Said Supporting con 
ductors forming a portion of said envelope, a 
Cathode, grid and anode, said cathode and grid 
each comprising a plurality of discrete spaced 
apart elements, flexible means connected to the 
innermost of Said Supporting conductors, each of 
Said cathode elements being quick detachably 
connected to. Said fiexible means and to the mid 
dle one of the three supporting conductors, an 
annular grid terminal interposed in the enve 
lope Wall and Surrounding at least the two in 
nermost Supporting conductors, additional flex 
ible means connected to said grid terminal, grid 
Support means on the innermost of said Sup 
porting conductors, each of Said grid elements 
being quick detachably connected to said last 
mentioned flexible means and to said grid. Sup 
port means, and Said anode being connected to 
the Outermost of said Supporting conductors. 

46. An electron discharge device, comprising 
three concentric coaxial, Supporting conductors, 
a gastight envelope, each of said supporting con 
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ductors forming a portion of said envelope, a 
cathode, grid and anode, said cathode and grid 
each comprising a plurality of discrete Spaced 
part elements, flexible means connected to the 
innermost of said Supporting conductors, each 
of said cathode elements being quick detachably 
connected to said flexible means and to the mid 
dle one of the three supporting conductors, an 
annular grid terminal interposed in the envelope 
wall and surrounding at least the two innermost 
Supporting conductors, additional flexible means 
connected to said grid terminal, grid Support 
means on the innermost of said Supporting con 
ductors, each of said grid elements being quick 
detachably connected to said last mentioned flex 
ible means and to said grid support means, and 
said anode being connected to the Outermost of 
said supporting conductors, said cathode, grid 
and anode extending in the region between the 
middle and outermost of said supporting conduc 
tors. 

47. An electron discharge device, comprising 
three concentric coaxial supporting conductors, a 
gas-tight envelope, each of Said Supporting Con 
ductors forming a portion of Said envelope, a 
cathode, grid and anode, said cathode and grid 
each comprising a plurality of discrete Spaced 
apart elements, flexible means connected to the 
innermost of said supporting conductors, each of 
said cathode elements being quick detachably 
connected to said flexible means and to the 
middle one of the three supporting conductors, an 
annular grid terminal interposed in the envelope 
wall and surrounding at least the two innermost 
supporting conductors, additional flexible means 
connected to said grid terminal, grid Support 
means on the innermost of Said Supporting con 
ductors, each of said grid elements being quick 
detachably connected to said last mentioned 
flexible means and to said grid Support means, 
and said anode being connected to the outermOSt 
of said supporting conductors, Said cathode, grid 
and anode extending in the region between the 
middle and outermost of Said supporting con 
ductors, said middle supporting conductor hav 
ing a plurality of channels formed therein and 
extending longitudinally thereof, each of Said 
cathode elements extending through one of Said 
channels. 

48. An electron discharge device, comprising 
an envelope, a central tubular Supporting con 
ductor forming a portion of said envelope, a 
cathode and grid each comprising a plurality of 
discrete spaced apart elements in circular array, 
means supported on said central Supporting con 
ductor and quick detachably connected to each of 
said cathode and grid elements, another tubular 
supporting conductor coaxial with Said central 
supporting conductor and quick detachably con 
nected to each of Said cathode elements, an an 
nular grid terminal interposed in the envelope 
wall, means connected to said grid terminal and 
quick detachably connected to each of Said grid 
elements, an outer tubular Supporting conduc 
tor coaxial with said central supporting conduc 
tor, and an anode connected to Said outer Sup 
porting conductor. 

49. An electron discharge device, comprising 
an envelope, a central tubular Supporting conduc 
tor forming a portion of said envelope, a Cathode 
and grid each comprising a plurality of disCrete 
spaced apart elements in circular array, means 
Supported on said central supporting conductor 
and quick detachably connected to each of Said 
cathode and grid elements, another tubular Sup 
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28 
porting conductor coaxial with said central Sup 
porting conductor and quick detachably con 
nected to each of said cathode elements, an an 
nular grid terminal interposed in the envelope 
wall, means connected to said grid terminal and 
quick detachably connected to each of Said grid 
elements, an outer tubular supporting conductor 
coaxial with said central supporting conductor, 
and an anode connected to said outer Supporting 
conductor, said other supporting conductor hav 
ing a plurality of longitudinal channels formed 
therein, said cathode elements extending in said 
channels but out of contact with said other Sup 
porting conductor in the region of Said channels. 

50. An electron discharge device, Cornprising 
an envelope, a central tubular Supporting conduc 
tor forming a portion of Said envelope, a cathode 
and grid each comprising a plurality of discrete 
spaced apart elements in circular array, means 
Supported on Said central Supporting conductor 
and quick detachably connected to each of Said 
cathode and grid elements, another tubular Sup 
porting conductor coaxial With Said central Sup 
porting conductor and quick detachably connect 
ed to each of said cathode elements, an annular 
grid terminal interposed in the envelope Wall, 
means connected to said grid terminal and quick 
detachably connected to each of said grid ele 
ments, an outer tubular supporting conductor co 
axial with said central supporting conductor, and 
an anode connected to said outer Supporting con 
ductor, said other Supporting conductor having 
a plurality of longitudinal channels formed there 
in, said cathode elements extending in Said chan 
nels but out of contact With said other support 
ing conductor in the region of Said channels, 
said anode and said outer Supporting conductor 
also forming a part of Said envelope. 

51. An electron discharge device, comprising 
an envelope, a central tubular Supporting con 
ductor forming a portion of Said envelope, a 
cathode and grid each comprising a plurality of 
discrete Spaced apart elements in circular array, 
means Supported On Said central Supporting con 
ductor and quick detachably connected to each of 
said cathode and grid elements, another tubular 
Supporting conductor coaxial with said central 
Supporting conductor and quick detachably con 
nected to each of said cathode elements, an an 
nular grid terminal interposed in the envelope 
Wall, means connected to Said grid terminal and 
quick detachably connected to each of Said grid 
elements, an outer tubular Supporting conductor 
coaxial With Said central supporting conductor, 
and an anode having a portion turned back upon 
itself and joined to said outer supporting con 
ductor, said anode and Said outer supporting coin 
ductor also forming a part of said envelope. 

52. An electron discharge device, comprising 
an envelope, a central tubular supporting con 
ductor forming a portion of said envelope, means 
Sealing one end of said central supporting con 
ductor in gaStight manner, a cathode and grid 
each comprising a plurality of discrete spaced 
apart elements in circular array, flexible means 
connected to Said central supporting conductor 
and quick detachably connected to each of said 
cathode elements, grid Support means connected 
to the other end of said central supporting con 
ductor and including a pair of dish-shaped mem 
bers With their concave surfaces opposed, said 
dish-shaped members having central apertures 
formed therethrough, the inner portions of said 
dish-shaped members being serrated, an insulat 

75 ing member joined to said serrated portions, and 
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Spacing said dish-shaped members, one of Said 
dish-shaped members having a peripheral flange 
With a plurality of notches formed therein, an 
annular grid terminal interposed in the envelope 
Wall, flexible means connected to said grid termi 
nal and quick detachably connected to each of 
said grid elements, each of Said grid elements 
also extending through one of Said notches and 
quick detachably connected to Said peripheral 
flange, another tubular Supporting conductor co 
axial with said central Supporting conductor 
and insulatedly connected to the same, each of 
said cathode elements also being quick detach 
ably connected to Said other Supporting conduc 
tor, an outer tubular Supporting conductor Co 
axial with said central Supporting conductor, and 
an anode connected to said outer Supporting con 
ductor, Said cathode elements, grid elementS and 
anode extending in the region between said outer 
and said other Supporting conductors. 

53. An electron discharge device, comprising 
an envelope, a central tubular Supporting Con 
ductor forming a portion of Said envelope, means 
sealing one end of Said centrali Supporting Con 
ductor in gaStight manner, a cathode and grid 
each comprising a plurality of discrete spaced 
apart elements in circular array, flexible means 
connected to said central Supporting conductor 
and quick detachably connected to each of said 
cathode elements, grid Support means connected 
to the other end of said central supporting con 
ductor and including a pair of dish-shaped mem 
bers With their concave Surfaces opposed, said 
dish-shaped members having Central apertures 
formed therethrough, the inner portions of said 
dish-shaped members being Serrated, an insulat 
ing member joined to said Serrated portions and 
spacing said dish-shaped members, one of Said 
dish-shaped members having a peripheral flange 
with a plurality of notches formed therein, an 
annular grid terminal interposed in the envelope 
wall, flexible ineans connected to Said grid termi 
nal and quick detachably connected to each of 
said grid elements, each of Said grid elements 
also extending through one of Said notches and 
quick detachably connected to said peripheral 
fiange, another tubular Supporting conductor co 
axial with Said central supporting conductor and 
insulatedly connected to the same, said other 
Supporting conductor having a plurality of elon 
gated chaniels formed along a surface thereof, 
each of Said cathode elements also being quick 
detachably connected to said other supporting 
conductor and extending in Said channels, the 
other of Said dish-shaped members having a pe 
ripheral shoulder, means connecting said shoul 
der to said central supporting conductor and 
alining Said notches With the intervals between 
Said Channels, an outer tubular supporting con 
ductor coaxial with Said central supporting con 
ductor, and an anode connected to said outer sup 
porting conductor, Said cathode element, grid 
elements and anode extending in the region be 
tween Said outer and Said other supporting con 
ductors. 

54. An election discharge device, comprising 
an envelope, a central tubular supporting con 
ductor' forming a portion of said envelope, a 
Cathode and grid each comprising a plurality of 
discrete Spaced apart elements in circular array, 
means Supported on Said central supporting con 
ductor and quick detachably connected to each 
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of Said cathode and grid elements, another tubu 
lar Supporting conductor coaxial with said cen 
tral Supporting conductor and quick detachably 
Connected to each of Said cathode elements, an 

5 annular grid terminal interposed in the envelope 
wall, a plurality of Spaced apart resilient means 
connected to said grid terminal and One quick 
detachably connected to each of said grid ele 
ments, an outer tubular Supporting conductor 

10 coaxial with said central Supporting conductor, 
and an anode connected to said outer Supporting 
conductor. 

55. An electron discharge device comprising a 
gaStight envelope, a pair of tubular coaxial elec 

13 trode lead-ins and Supporting conductors form 
ing a portion of Said envelope and mounted one 
within the other, means joining Said Supporting 
conductors adjacent one end thereof in insulated 
gaStight relation, a cathode having a plurality 

20 of discrete Spaced apart elements, flexible means 
connected to the central one of Said supporting 
conductorS and quick detachably connected to 
each of Said cathode elements, each of said cath 
Ode elements also being quick detachably con 

5 nected to the other of Said supporting conduc 
tors, an annnular cathode terminal sealed to the 
other of Said Supporting conductors and coaxial 
therewith, a tubular anode lead-in and support 
Coaxial With Said Supporting conductors and sur 

:: ) rounding the Sane, a tubular anode closed at one 
end and Sealed to Said anode lead-in and support 
at its other end, said anode extending within 
Said anode lead-in and Support and surround 
ing Said Suppolting conductors, an annular anode 

35 terminal Sealed to Said anode lead-in and Sup 
port and coaxial therewith, an annular grid ter 
minal encircling the other of Said Supporting con 
ductors coaxial therewith and spaced therefrom, 
Said grid terminal being intermediate said cath 

3t: Ode and anode terminals, said envelope includ 
ing ineans joining said terminals in gastight in 
Suiated relation, grid Support means on one of 
Said Supporting conductors and insulated there. 
from, a grid having a plurality of discrete spaced 

45 apart elements, each of Said grid elements being 
quick detachably connected to said grid support, 
means, and flexible grid Support means connect 
ed to Said grid terminal and quick detachably 
Conilected to each of said grid elements. 
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