
2,463,635 

4Sheets-Sheet1 

·F,H,McINTOSH 
ELECTRON DISCHARG? D?VTCE AND 
METHOD OF MAKING THE SAME 

0riginal Filed 0ct,22,1943 

March 8,1949. 

  

  





2,463,635 McINTOSH H, 
ELECTRON DISCHARGE DEV?CE AND 

F, March 8,1949, 
METHOD OF MAKING THE SAME 

0riginal Filed 0ct,22,1943 4 Sheets?Sheet 3 

"? 

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  



March8,1949? FHMNTosH 2,463,635 
ELECTRON D?SCHARGE DEV?CE AND 
METHOD OF MAKINGTHE SAME 

0riginal Filed Oct,22,1943 4Sheets-Sheet 4 

  



Patented Mar?8,1949 2463,635 

UNITED STATES PATENT OFFICE 
2.463,635 

ELECTRON DISCHARGE DEVICEAND 
METHOD OF MAKINGTHESAME 

Frank H?McIntosh,Chevy Chase,Md? 
Originalapplication October 22,1943,Serial No. 
507.314?Divided and thisapplication Novem 
ber18,1946,Serial No.710461 

2Claims? 
1 

This invention relates to electron discharge 
devicesand methods of makingthesame,More 
particulary,it relates to products adaptedfor 
aSSembly ine production with a minimum of 
hand operations? 
Inthe manufacture ofelectron dischargetubes 

0f the prior art,it has been customarytomake 
Upindividualunits ofthetubes,suchasthecath 
0de with heater,thegridandtheotherelements, 
andthentoaSSemblethemonabasetowhichan 
envelopeWaSSubSequentlyappied,sealedof,and 
evaCuated,AS theart has developed,thesize of 
thetubes for ordinaryamplification and detec 
tion has Steadiy decreased until,atthe present 
time,SOme of the tubesare sosmalthat hand 
aSSemblyishighlyimpractica1?Wherethespac 
ing of electrodesiscritical,andit becomesmore 
S0 in theSe Very Smal tubes,hand methods of 
aSSemblyarenotonlyexpensive,butverywaste 
ful and rejections Sometimes run as high as 
ninetypercent?Thewholetendencyof develop 
ment haS,therefore,beentoaccentuatethepro 
duction dificultiesand expensessocharacteristic 
Of handaSSembly. 
The present invention consists primariy in 

producinga Structurein whichtheelementsare 
all Suitably arranged to permit automatic 
maChine OrjigaSSembly. Theelectrodesmaybe 
made of Sheet or wirestock and passed through 
the machine to be CUt of after being placedin 
position?In this way,nothing except possibly 
the heaters forthe cathodes will require indi 
VidualaSSembly,It,therefore,becomes possible 
tomake Uptubes bymachine onanassembly1ine 
basis,With their characteristics substantially 
fixed andunVarying,The number of rejectswil1 
be enOrmously reduced,and the replacement of 
damaged partsVeryreadily providedfor?Among 
the ObjectS of thisinvention may be mentioned 
the production of an electron discharge tube 
Capable Of machine assembly,possessing preci 
SiOn fixed spaCing of the elements,mechanical 
Stability,Iong life,Substantial freedom from 
microphonic noise,andreadyadaptationtopar 
ticular Specialized problems?An important 
feature of the proceSSis thatit permits changes 
and VariationSin the product bysimple machine 
adjustment,without change in the basic process 
Or mechanism for performingit. w 
Otheradyantages Willappear from the follow 

ing deScription When read in Conjunction with 
the aCC0mpanying draWings,in Which:? 
FigUre 1 is a perspectiVe VieW of an electron 

dischargetubeembodyingthe presentinvention, 
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aportion of the enVelope being broken away to 
show the interior Construction; 
FigUre 2 is an exploded View showing the in 

terior parts of thetube of Figure1 priorto their 
aSSembly; 
?igUre3isa modification in Which the spacing 

elements of the tubesarearranged to prOVide an 
Unobstructed path for the electron emission; 

BigUre 4 is a m0dification in Which meansis 
providedforincreasingthe leakage path between 
electrodes in the aSSembled tube; 
Figure 5isa View showinga,modified scheme 

for clampingtheinsulatingand C0ntrolelements 
t0gether; 
Figure 6isa View showinganother method of 

inCreasing the leakage path betWeen tube ele? 
ments,and a method of efectiVely placing the 
controlgrid closeto the cathode; 
Figure 7isa perspective View of the interior 

structure of an electron discharge tube of m0di 
fiedform,the enVelope and base being rem0Ved; 
Figure8isa horizontalsectionalView Substan? 

tially on the line 8?80f FigUre 7; - 
Figure 9isadiagrammatic View of One form of 

apparatusSuitablefor carrying Out methods em 
bodying the present inVention; 
Figure10isa detailed View of the mechanism 

for varyingthe spacing of thegrid wiresasthey 
arefedtothe machine of Figure 9; 
FigUre11 isa detailView of a baset0Whichare 

attached both terminals and prongs,this baSe 
being suitable for hopper feeding in the appa? 
ratus of FigUre 9;and 

Figure 12 is a,perspective View showing the 
structure of Figure1Withcertain ofthegridWires 
1aid parallelto the axis of the Cathodeto mini 
mize tube CapaCity, 

Referringfirst to Figure10f the drawing,ref 
erence character 15 designates an enVelope of 
conventionaltype,capabie of construction byany 
improved practice found in the art,16 desig 
natesa base,to which the enVelope 15is Sealed, 
the base being ofanysuitableinsulatingmaterial? 
Mounted within the envelope is an assembly 
composed of a,plurality of frame elements 1T, 
Which maybe ofanySuitableinsUlating material, 
these elements beingassembledasindicated,With 
electrodes and terminal leads placed betWeen 
them and Securedin place by clamps 48?This 
manner Of clamping inSUreS permanent and 
efectiVe electrical contacts,and maintains the 
electrodes Under Suficient tension to discoUrage 
Saggingandother changesWhich mightalter the 
characteristics of thetube? - 
The relation of the parts in the asSembly of 
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Figure l will be cleariy understood from refer 
enceto Figure2,in which the exploded Viewin 
dicates the position of the Various parts prior 
totheirassemblyinthe unit?Ashereindicated, 
theframeelements17 areSQuareinCroSSSection, 
butitisobvioUsthatin practicethey mayaSSume 
various forms,For example,they may be Cir 
cularinform,The Unit may beemb0diedinany 
Suitable type of structure Without regard to the 
number of elements used,For example,it may 
be 8,tri0de,However,Since the problem of 
clearances bec0mes inCreasingly aCute as the 
number of COntrol elements is inCreaSed,and 
since the problem appears in an accentuated 
form in the pent0de,a,pent0de has been here 
illustrated? 
In Figure 2,reference character 19 indicates 

the USual plate,Which is dispoSed at the most 
remote p0Sition from the Cathode 2f With itS 
heater 22,Reference Character 23 designates 
the controlgrid haVingatermina1connection24. 
25isthe high voltage or screengrid,havinga 
terminal plate 26,and 2Tisthe cathode orsup? 
preSSOrgrid havingaterminal plate28,Asin 
diCated,these parts ShoWn in Figure 2 are as 
SembledinabuttingrelationandSecuredtogether 
by the clamps 18(Fig,1),thus holding the 
partSinprOperlySpacedrelationforeficient op 
eration,the Spacing being predetermined bythe 
thickneSS of the Various frame elements 17. 
When Securey clamped t0gether,these frame 
elements hold the parts in fixed position,with 
all of the eleCtrodes under tension,This not 
OnlyinSUresgood electricalCOntact,but mainte 
nance Of prOper c0ntact and of proper tension 
in the Various elements throughout the ife of 
the tube?Another advantage of this structure 
isthatifany of theelements should fail;if,for 
example,the heater22should be burnedout,it 
would be p0SSible to dismantle theassembly,re 
place the burned-Out heater element andreas 
Semble the parts,Without altering the charac 
teristics of the tube and without wasting any 
of the parts which make up the assembly,It 
WOuld be neCeSSary merely to replace the en 
Velope,Sealitand evaCuate the tubeinthe case 
0f a tube Of the Vacuum type?If the structure 
Should beatube of thegas-filledtype,reassem? 
bly Would,Of Course,require anew fling ofgas 
in orderto makethe Structure operative? 
Afterthe clamps18aresecuredin positionand 

the asembled Unit placed on the base 16,the 
enVelope 15 may be placed,evacuated or filed 
withgas,andthensealed of 
In Figure 1,the Variousterminalscarried by 

the baSe f6 areindicatedgenerally bytherefer 
ence character 29,Each of these terminalsis 
SeCuredinthe base 16and hasalead31contacted 
With its reSpective connector place,andis held 
in p0Sition without Soldering or welding,by the 
clampingtogether oftheassembledunitmadeUp 
of the Various frame elements,together withthe 
electrodes?Obviously welded or soldered con 
taCts may be USedif desired,Controlelectrodes 
fabricatedin this manner are characterized by 
having a Single point electrical Contact between 
each Wire and the terminal plate. Hence,the 
eleCtrode Wires areneVer short circuitedandno 
pathsareafordedforthe fow of circulatingor 
eddy CurrentS,It is p0SSible in astructure of 
thistype to Utilize the plate 19asan end closure 
for the Unit?When So used this plate could 
function readiy to radiate heat and thus coo? 
thetube? 
ItiSindicatedin Figures1and2thatthecross 
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Section of the tubeis rectangular or Square and 
thateach of the frame elements T haSthe Same 
CrOSS Sectionalarea,InaSmuch as the electron 
beam frOm the cathode tends to diVerge asit 
travels away from the cathode,Figure 3 indi 
Catesa Scheme Whereby the efect of this diVer? 
gence may be utilized to increaSe the eficiency 
of the tube,In Figure 3,reference character 
17 indicatesaframeelement similartothe frame 
element Shown in Figures 1 and 2,thetwo first 
frame elements holding a Cathode 2f With an 
emitting surface 32,Interposed betWeen a SeC 
0nd frame element 11 and a larger Successive 
frame element 33 is the controlgrid 23,cor? 
reSpOndingto that of Figure 2. Here,the next 
frame elementis deSignated34andit CooperateS 
With the frame element33in holdingthescreen 
grid 25?The next frame element 35,whichis 
Of Still greater diameter than the element 3? 
C00perates With the frame element34to holdthe 
plate2T. Inthisfigure,thestructureillustrated 
is a SCreen grid triode,and the frame elements 
are held t0gether in a manner similar to th8t 
indicated in Figure 1,It Will be seen that the 
diVergence of the electron flow pathissuchthat 
the major portion of the electronsemitted from 
the emittingSurface 32 will strike the plate2T, 
whereas,if the frame elements 33,3? and35 
Were of the same diameter asthe element 17, 
Substantial numbers of these electrons would 
Strikethe frameelementsandbe defectedorab 
SOrbedinStead of Strikingtheplate directiyasin 
the CaSe of the Structure of Figure 3,Thisar 
rangement haStheadditionaladvantage of pro 
Viding a COnVenient means for tying the elec 
trOdest0gether in a doubletube structure when 
a Complete Set of electrodesis disposed on each 
Side Of the Cathode? 
Figure 4 ilUstrates a,further modified struc 

ture,in Which the frame element 17 has the 
Same structure as that indicated in Figures1 
and2,but meansis providedin the form of an 
insulated element 280 interposed between the 
plate27andthetwoframeelements17dand f7b, 
to increase the leakage path betWeen the plate 
27 andthe Screengrid25?Bythe Use of anin 
sulating member of this character,which would 
necessarily aSSume a Configuration Simiar to 
that 8,frame element 17,it becomes possible 
t0deCreasethe Spacing between the Variouselec 
trodes Without decreasing the leakage path be 
tWeen them?Figure 4 not ony Shows the ele? 
ment280,butitindicates howthe Variousframe 
elements may begrooved as indicated at 39 to 
aSSist in holding the electrodes Under tension 
When the frame elements are assembled and 
clamped together,Here the terminals ?g are 
round as indicated? 
FigUre 5 isa partial Sectional VieW similar t0 

that of Figure 4,but showing 8,m0dified strUC 
ture Whereby the clamping action between the 
VariOUS frame elements is increased,Here the 
frame elements designated 41 haVecurved faces 
42adjacent theirpoints of contact With the vari 
OUS electrodes?This arrangement may be ad 
Vantageous When the electrode materialis cut 
of by machineshearsasin Figure9. 
Figure 6isa View similar to Figure50fastil 

further modified Construction Which makes it 
poSSibleto Space the electrodes closely,and par 
ticUlarly the Controi grid with respect to the 
electronemittingSurface,Without decreasingthe 
1eakage path betweenelectrodes. Here,thisre 
SUlt is accomplished by substituting for one of 
the frame elements f7 aspecialframe element 
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43,carrying a,rib 44,which contacts with the 
electrode,in thisinstance the controlgrid23? 

?t is indicated above that the grid electrodes 
areall of tensioned Wire,This may betrue alS0 
of the plate?The fact that the Wires are aS? 
sembled under tension and Supported at both 
endsmakesit unnecessarytorely Upon the Stif? 
nessof the materialfor Support,ConSequentlya 
Wire of smalergauge and,hence,0f greater ef 
ficiencymaybeused,Whilewireisthe preferred 
materialitis obyiously practicable to USe Woven 
mesh,photo-etched or perforated sheet StockaS 
electrode material,and Such useiscontemplated 
When it is expedient?Where wiresare used in 
building Up the grids,the wire Spacing may be 
Variedas desired to produce tubes haVing Vari 
able mu characteristics?The wire grid Struc 
turealso hasa marked advantage OVer priorart 
structures in that the Wires are not Short Cir 
cuited,and hence do not cause circulating or 
eddy currents to fow?Where grid wires are 
Wound about Conducting posts and Welded at 
each point of contact,as in the usual practice, 
numerous pathsforthe fow 0f undesirable eddy 
CUrrents are formed? 
?n Figure2it is indicated that the electrode 

Wires inadjacent electrodes are parallel,but al 
ternatesets may be made parallelto the axis of 
the Cathode in Order to CUt down the tube CapaC? 
ity,especialyat highfrequencies,Forexample? 
andasindicatedin Figure 12,the wires of grid 
25might extend paraleltotheindicated position 
of contact strip 26?In this Way no Wires Would 
contact aninsulatingframe directlyin line with 
Simiar Wires of the next eleCtr0de ContaCting 
theirframe,The position of the contactStrip 26 
Would,of Course,have to be approximately 
Changed to make it Cross the Wires,This struc? 
tureis produced by plaCingthe Wiresalternately 
Vertically and horizontally,observing the rela 
tion of the wiresofgrid25 toother conductorsas 
indicatedaboVe? 
The structure So far described inVolVes a 

radical departure from the Usual practice in 
making Vacuum tubes,While the basic under 
lying idea,is that of making each 0f the eleC 
trodes uniplanar and in placing all of the eleC 
trodes in the aSSembled StrUCtUre Under tension 
and in parallelspaced relation so as to permit 
Continuous orjigassembly,thisarrangementin 
volvestheuse ofspecialy-constructedpartssuch 
as the frame elements,It is possible,however, 
to make Use of stock materials of types Which 
3re aVailable according to preSent practice and 
to aSSemble them by machine,So as to acCom 
plish many of the advantages of the present in 
Vention and to eliminate the disadvantages of 
Prior art Structures?A Compieted tUbe Unit, 
assembledin this wayisindicatedin perspective 
in Figure 7,Figure 8 beinga horizontalsection 
toindicatemoreclearly howthe Variouselements 
are placed?In the structures of Figures 1 and 
2,it has been indicated that the tube employs 
a single Set of electrodes in COmbination With 
the cathode?Itis,howeVer,poSSibleto duplicate 
the structure and embody the functions of two 
tubes in one,using a Single Cathode having two 
emitting Surfaces on Opposite faces,In other 
words,it is possible to duplicatein Figure 2,to 
the left of the cathode 21,aset ofgrids aSindi 
cated on theright,anda plate,Sothat the tube 
Wilembody asingle Cathode,Six grids and tw0 
plates?Figures 7and8indicate how this double 
structure can be carriedout Withoutradical de? 
parture from present practice,but achieVing 
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6 
substantial benefits Which are CharaCteristic Of 
the improved practice contemplated according 
to the present inVention? 
Referringnowto FigUre 7,thereference char? 

acters5fand52designateinSUlatingplatesWhich 
may be of mica,or other similar material held 
in spaced relation by insulating or metal postS 
53,54,55and56,Since this fgure represents 
a doublestructure,the two micasheets 51 and 
52 are secured together by eight pairS0f theSe 
insulating posts,each terminating in the mica 
sheets51and52?Thetwoplates19aresupported 
by the posts 53?These posts when made of 
ceramic material,such as glaSS,may have the 
platessecured together bya,slight fusion Of the 
glass to form overhanging gripping lipS?Sim? 
ilarly,the suppressor or space Charge grids 2T 
are supported bythe posts 54,PostS 55SUpp0rt 
the two high Voltage or screengrids 25,and p0StS 
56support externally the two Controlgrids 23, 
andinternaly the Cathode2f,with the enclosed 
heater 22,The cathode must be mountedin an 
insulatingsheet toinsulate it from the p0sts56 
andthuspreVentshort circuit ofthe COntrolgrids? 
The relation of these parts is indicated more 
clearlyin the horizontaisection of Figure 8,and 
it Wil beseen thateach of the emittingsurfaceS 
of the Cathode2f is directed against one of the 
tWoSets Ofgridsand plates?InSUcha,StrUCture 
the two grids 23 will be electrically connected? 
Similary,the two grids 25 wi1 be electricaiy 
connectedandsimilarlyforgrids27,2Tandplates 
f9,19?This arrangement then is connectedas 
asingle pentode? 
Whenthe posts53,54,55and56are of metal 

theelectrodeWiresmaybeWeldedtothem,Weld 
ing surfaces Can beinserted betWeenthe parallel 
electrodesand preSSUreapplied duringthe weld 
ing?The Wires and posts may then be Cut of, 
The bottom plate 51 mayheattachedto a,con 
Ventional tube baSe and Connections made Sub 
stantially asin Bigure 1?This weldedassembly 
may be made in a,proceSssimilartothat shortly 
to be desCribed? 
The tWo micaspacer plates 51 and52 may be 

enclosed in the UsUal glass enVelope having a 
base carrying prongs Which are Connected by 
leadsfrom the Variouselectrodesand Controlele 
ments of the tube Structure?It is also possible, 
by makingthesheets 51 and52 of glass to C0m? 
Dletetheenvelope byweldingaglassstriparound 
the periphery of the assembly shown,Such a 
glass Strip is indicated at 85 in Figs,7and 8, 
When the plates5fand52are of mica obviously 
the use of SUch a,Strip is not practicable,The 
structure may bereadilyshieldedbytheaddition 
of shielding plates as indicated at 50,0r these 
maybeomitted, 

It will be Seen that structurally the arrange 
ment of Figure 7is quite similar to that of Fig 
Ures land 2,in thatall of the elementsare Uni 
planar,al of the planesare paralle1 in thefn 
ished tube,and algrid wiresare Undertension 
and SUpported at both ends?This eliminates 
811gridWire windingoperationsandinsuresuni 
form spacing of the parts while makingit pos 
Sible to adapt the arrangement to continuous 
assembly line construction orforassembly on a 
Suitablejig,Figures 7and8showastructurein 
which raw sheetand wire Stock may be utilized 
andadapted to the Scheme indicatedin Figures 
1and2? · 

While devices of the present inVentionare ca? 
pable offabrication in numerous ways,the par 
ticular advantage of these structures liesin the 
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fact thattheyaresUitableforassemblyline C0n 
struction,especially Where the Control elementS 
of the tubes,suchasthe platesand the VariouS 
grids,8re made Up Of ContinuoUS bar Or Strip 
material,?t is possible to make Up the CathodeS 
from continuousstrip material Whichis pUnched 
at intervals to receive a heating element,and 
the heaters maybeassembledinthestripSothat 
thestripasawhole,carryingthe heaterelements, 
may be fed to the machine?This will be more 
clearyunderstoodfromareferenceto Figure9 
of the drawing,in which reference character 61 
designatesa maChine bedforminga,raceway be 
tweentwosets offeeding belts,0ne0fthem,des 
ignated 62,being driven from one of the pulleyS 
63,Asimilar beltis disposedat the back of the 
machine,SO that the tWo of them form a,Con? 
Verging throat,terminating between two spaced 
parallelguide members64,SeCUred to the b8Se of 
the machineasindicatedinthedraWing? 
MoUnted at the inComing end of the raceWay 

are a,plurality of combS 66,pivoted about hori 
ZOntal piVots 67,on the machine base,The de 
tais of this COmb arrangement are ShOWn in 
FigUre 10,where it isindicated that the perfo- ? 
rations 68,through which the grid wires pass, 
proVide for maximum Spacing of these wires by 
adjusting the p0sition of these Combs,Asindi 
Cated in dotted ines in Figure 10,the spacing 
can be Varied to suit requirements;thatis,the 
SpaCing decreasesasthe Combappr0achesa hori 
20ntal p0Sition,SUitable clamping means with 
calibratedspacingindicators may be providedto 
holdthese Combsin anyadjusted position,For 
Simplicity,theSe clamping means are omitted 
from theillustration? 
This apparatus produces a,double pentode 

structure of the type shown in FigUres 1 and2 
of the drawing,except that the partsare dupli 
cated as in Figures 7 and 8,Passinginto the 
throat from suitable reels isastrip of cathode 
material Tf containing the heater elements as 
indicated more clearly in Figure2 of the draw 
ing,The line of separation between the indi 
Vidual cathodes is indicated,but the Severance 
is not complete,Passing outwardly from this 
central cathode aresets of paralel movinggrid 
Wires T2 of the Controlgrid,730fthescreengrid, 
and T4 of the SUppressor or space charge grid, 
Theplatematerialappearsat?5. 
The Continuous Strip material be it Wire or 

Sheet Stock,may be de-gassed by heatinginan 
inertatmOSphereinaCCOrdancewith known prac 
tiCebef0reitentersthe machine. 
Disp0Sedabove the throat of the machineisa 

h0pper T6,throUgh which arefedsets of frame 
elements 1°Suficient ineach layerto produce a 
double pentode asindicated,Whenaset of in 
sulatingelementsisfed downwardy betWeenthe 
Spaced Strips of element material,the aSSembly 
passes forward continuously unti1itis diposed 
under a second hopper T7,from which are fed 
the sets of lead wires which are adapted to be 
clampedinto the 8SSemby S08S t0 inSUreg00d 
electricalcontact betWeentheleadsandthe Con? 
trol elements of the Units?After the aSSembly 
passesthe hopperTT,the mechaniSmCauSeSthe 
siderai164 to be SWUnginWardlySuficiently t0 
compacttheframe elementsandtobringthemin 
close ContactWiththeleadsT8,WhereUp0nclamp 
ingmaterial8 isfedaCrOSStheguideWay byany 
suitablemeans,The forming members T9 Oper? 
ate by swingingupwardyto engageandbendthe 
clampsaboutthe frameelements,asindicatedat 
81,Similar forming members(not Shown)Will 
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8 
be usedabovetheframesto bendthe topclamps 
down?At thistime,bases f6,which may have 
the COntaCt prongSalready applied to them,are 
fed downWardly from a,hopper 82 and dropped 
into p0Sition,ThoSe b3Ses may also Carry the 
1eadsalready connectedtotheprongsasindicated 
in Figure 11,With theaSSemblythus completed 
aSa,Unit,8 rot8ting CUttingor Shear deVice indi 
Catedat 83Swings downwardy between unitsto 
Severthegrid,plate andCathodestrips,thUs re 
leaSing a,COmpleted Unit asindicated,This as 
Sembly takes place continuously so long as the 
hOpperSare kept filled with material,andS010hg 
as Strip material and bar Stock is fed into the 

?raceway,Whiletheterminalmembers78arein 
dicated as being fed in finished form from the 
hopper T7,it will beunderstoodthatthey may be 
fedfrom Continuous barst0ckand Cut ofas S00n 
asthe aSSemby paSSes the hopper 71,It isalso 
to be UnderStoodthat Suitable mechanism Willbe 
Utilized for actuating the parts disClOSed,but 
since actuating mechanism of this type is Well 
knownintheart,itisnoti]iustratedinthedraW 
ings. Whenthe Unitsarecompleted,they maybe 
placedin an enVelopeready for Sealing of,and 
Wilthen 8ppearasin FigUre1. Whilethe proceSS 
has been described in Connection With a double 
pentode havinganinternalStructurecorrespond 
ing to that shown in Figures 1 and 2,jt Will be 
ObVioUS thatit may be adapted to the manufaC? 
tureandaSSembly of Various arrangementsindi 
catedin the drawingincludingthe formshown in 
?igUres 7 and 8. The 8ddition Cf the enVelopes 
and the Sealing of may obviously comprisestepS 
intheprocessof Figure 9, 

It Will be Clearfrom the foregoing deSCription, 
that the preSent invention ofers numeroUS 
advantages over prior art Schemes. It makesit 
possibleforthefirsttimetoassembleelectron dis 
charge devices by8continuouspr0cessWhichin 
sures Uniformity0fproduct,eSpecially asregards 
SpaCingoftheelementSwithrespect toeachother, 
Thisisimportant,particularlyin tubes ofsmall 
SiZes and those having fiVe electrodes where the 
Clearancesare Criticaland highlyimportant,It 
Willalso be Understood that While the invention 
has been decribedas being carried oUt bya,Con? 
tinuous method0faSSembly,it willbepossibleto 
aSSemble the elements by meanS Of jigS,Upon 
Which the Various operating parts are Set Up, 
Here,again,the advantage of using raw Stock 
Will be apparent?The inVention,therefore,not 
Only ofers the advantage of high Speed produc 
tion WithimproVedeficiencyand material redUC? 
tion in laborcOStS,butit WillalsoreSult ina ma 
terial S8Vingin the nUmber of rejectSand,Con 
Sequenty,in a,marked decrease in the Cost Of 
productionfor bothreasons? 
The inVention has been deSCribed in the form 

oftWoembodiments of theeleCtron discharge de? 
Viceandasingle method of assembly,butit Will 
be Underst00dthattheinVentionisnotS01imited, 
andit isintendedthat thefolloWingClaimSShalk 
be Construed broadenoUghto coVeral1equiyalent 
StrUCtures Solong as they are Clear Of the prior 
art,It isto be underst00d that the COncept of 
manufacturing tubes haVing their electrodeS 
under tension is a broad concept Which When 
Coupled with the machineaSSembly herein Shown 
and describedis not limited to the precise tube 
configuration disclosed,ConSequenty,the preS 
ent disclosure isintended to begeneric and to 
covervariationsin the design when thistension 
arrangementispreSent, 
Thisapplicationisa division of myapplication 
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Serial No.507.314,filed October 22,1943,now 
Patent No.2.415,360dated February4,1947? 
Having thus described the invention,what I 

claimis: * 

1?An electron discharge tube unit comprising 
a pair of parallel SpacedglassSheetS,a plurality 
of Spaced pairs of p0sts for holding Said sheets 
in Spaced relation and for SUpportingtubeelec 
trodes,an electrode bridging each pair of posts, 
andaglass strip Woundabout Said unitto bridge 
the space betWeen plates and Sealed thereto to COmpleteasealedenVelope? 
2?Anelectrondschargetube Comprisinga pair 

0f parallelSpaced Sheets ofinSulation,8 plurality 
of pairs Of glaSS posts Secured to Said sheetsto 
holdthemin rigid spacedrelation,Said pairs of 
posts beinginSpaced planes,andelectrodesmade 
Up of parallelspaced wires mountedin bridging 
relation to the p0Sts ofeach pairand Secured to 
the posts byfuSedglass? 
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