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1? C?aims?(?1,315—12)? 

This invention reiates to electron tUbes,and, 
more especially to tubes of the kind whereinthe 
electron beam is controllably shifted Over a pre? 
determinedarea. 
Aprincipal object of the invention relates to 

anelectrontube having a novel Controllable eleC 
tron beam cut-of arrangement for producing 8 
resultant beam whosetrajectory termination Can 
be controllably shifted in any desired pattern. 
Another object is to provide an electron tube?10 

11aving anelectrode array for controlably shift? 
ingan electron beam along a path whichextends 
paralle1 to the length of an electron-emitting 
cathode,while restricting the efective area of 
thepathode to 8.1ogalized regiongf.hega?hode, 

Another_object is to provide a.novel_organizar 
tion.ofelectrodes for confining the efective emit 
ting.area of a cathode.to a signal-controlled 
shiftable localized portion of the cathode SurfaCe, 
Another.object is to provide.a.nQVel meth02 

and.organization of electrodes in an electron. 
tube.for,Scanning a_target or Series_of targets 
witha localizedelectron beam.? 
Another object is to provide a novel formsof 

20 

cathode-raytubefor subjecting anelectron beam,25 
to two-dimensional mQVement.over an.area.t0, 
bescanned. 
A further object relates to an.electron tube 

having a n0yel combination of elementsfor CaUS 
ing an electron?beam to be controlably Shifted 
in three mutualy perpeadigular relations, 
Anotherobject is to provide a novel form of 

electron tube of the beam-stepping kind. 
A feature ofthe inyention relatesto an.elec-, 

trontube having a pair of electron beam con 
troling segtions of mutualy opposite variable 
mu Characteristi38 to 8elect a particülar portion 
ofthe electron beam from 8 cathode of extended 
area,and for variably shifting the trajectory, 
termination ofsaid selected portion, 
Another feature relates to an electron tube? 

havinganelectron emitting C8th0de,in Conjung 
tion with a pair of electron contro1sections of 
opposite variable-mu characteristics. 
Anotherfeature.relates to a cathode-ray tube? 

having a fluorescent target which is mountedat. 
substantially right angles to an elongated gath-, 
oderand arpluralityGf Variable-mu electrode ar 
rays and magnetic field-producing means to 

30 

35 

40 

45 

cause thesaid targetto be scannedina circu- 50 
1aror"annular area by electrons emitted from 
controllably 10calized*areas along the 1eng?h of 
the Cathode. 
An0?her,feature?relates…to an?electron tube 

havinga primary?emitter;-a secondary-emitter 55 

2 
and a collector or target,in-conjunctionwith 8? 
seriesof variable-muelegtrodesorgrids-forCaus? 
ing-the target?to be scanned by the?electrons… 
emitted from any desired area of thecathode, 
Another feature…relates to an electron tube… 

haVing a series of variable-mu grids loCated be? 
tween-a primary-emitting cathode and a target;- 
whichgrids are mountedin-predeterminedangu?? 
1arrelationandenergized so that·thetarget can 
be Scanned in any-desired pattern by…suitabie? 
energization of Sai?grids.… 
A furtherfe8èire·relates to the novel organ 

ization,arrangement and,relative…location…and, 
interconnection of parts-Which.cooperateto pro 
Vide-a novel and,improved electron?tube of the, 
electron 86anningbeamtype? 
Other features and advantages not particu 

1ariy enumerated,Will become apparent?after a 
consideration of the foilowing detailed descrip 
tionand the appended Claims. 
In the drawing,which shows certain preferred? 

embodiments, 
Fig:1 is anelevational andsectionalview of an? 

electron tubeaccordingto the invention. 
Fig.2 is a plansectional viewof Fig…1,taken… 

along the Jine 2?2 thereof. 
Figs.3,4 and 5 are graphs used in explaining? 

thetube of Figs:1 and2.° 
Fig,6 shows one typical circuit arrangement, 

forenergizing the electrodes ofthe tube of Figs.? 
1 and 2. 
Fig,7isa modification of the circuit arrange 

ment ofFig.6. - 
Fig,8*is a perspective and partialy broken 

aWay View of the?ube 0f Figs.1 and2.? 
Fig. 9 is an elevational view of a cathode-ray 

tube embodying features of the invention, 
Fig.10 is,a plan view of the tube-of Fig.9? 
Fig·11 is a further modification of the inven 

tion empioying a primary emitteranda second 
ary emitter.? 
Fig,12 is an elevationa1 view of a further, 

modification of the invention? 
Fig.,13 is a Sectional viey-of Fig,12,taken, 

a10ngtheline 13?13 there0f: - × - 

Fig.14is a perspectiveview of another modi 
fication of the invention,for producing coordi? 
nate SCanning, 
Fig.15is a furthermodification of theinven 

tionembodied in a double coincidence detector.? 
Fig,16 shows a stil further embodiment of? 

the invention embodied in a stepping tube for, 
producing stepping motion of an.electron beam, 
Fig,17is a graphexplanatory ofthe operation 

-of Fig.-16, 

| ? 



2,672,573 
3 

Fig,18 is an enlarged view of the grids of 
?ig. 16. 

FigS. 19 through 25 represent respective addi 
tiOnal modifications of the invention. 

Referring to FigS. 1 and 2 Of the draWing,the 
numeral 10 representS any Suitable evacuated 
enClOSing buib or envelope having for example, 
at One end thereof,the usual preSS or header L? 
through Which the Various lead?in and electrode 
Süpport Wires are Sealed, 

Suitably mounted on the Support Wire 2 is an 
electron-emitting cathode 13,which may be of 
any type Well known in the electron tube art. 
Merely for illüstration purpoSes,this Cathode is 
ShOWn in the draWing as of the indirectly heated 
type,Comprising an elongated thin Walled metal 
SleeVe ? having on the interior thereof an in 
Sulated heater wire 15,Surrounding the cath 
Ode i3 and Supported on the usua?grid Side rods 
16,17,is a wire Wound grid f8 such as is weli 
Known in the electron tube art. This grid is of 
the Variable-mutype,that is,the individual turns 
or grid laterals are Spaced apart unevenly along 
the length Of the grid. For example,as shown 
in Fig. l,the turns or laterals Which Surround 
the upper end of the Cathode 3,are relatively 
ClOSely SpaCed,and the Spacing betWeen SuCces 
Sive laterals increaSe toWards the lower end of 
the Cathode. Preferably,the spacings of suc 
Cessive grid 1aterals vary in accordance with a 
predetermined law. For example,this spacing 
may inCreaSe in an exponential manner. It 

ill be understooi,however,tha? the invention 
is not limited to any particular spacing Sequence. 
The action of Such variable-mu grids in con 
trolling the Cut-of of the piate Currenä of an 
ele3trOn tube in aCCordance with the voltage ap 
plied to the grid,is Well known in the art,and 
for a detailed explanation there0f,reference 
may be had to "Radio En?ineering" by F. E.Ter 
man,published by McGraw-Hill Book Company, 
?nc.,New York,N. Y.,First Edition,page 355. 
AlSO SurrOunding the Cathode f3 is an additionai 
Variable-mu grid 19 having the grid 1aterals 
WOund arOund or Supported on the reSpective 
grid side rods 20,21, 
In aCCOrdance With One phase of the inven? 

tion,the grid 19 has its grid laterals spaced 
apart in a manner Which is a reverse of the 
spaCing of the grid laterals of grid 18. Thus,as 
Shown in Fig,1,the grid laterals of grid 49 ad 
jaCent the Upper end of the 3athode 3,are 
Widely Spaced and this Spacing decreases to 
Wards the 1owerend of the cathode. Preferably, 
although not neceSSarily,the grids 3 and 18 
SUrrOund eaCh Other in relative?y Close relation 
aS COmpared With the SpaCing betWeen the grids 
and the Various Succeeding electrodes,such for 
example aS the an0des 22. 
AS ShOWn in Fig. 1,the grids are Surrounded 

by a Series of Short Cylindrical metal plates or 
anodes 22,Which are spaced or insulated from 
each other and each of which may he provided 
With a Separate lead-in Wire 23. It wi11 be under 
StOOd,Of COurse,th?? if desired,a We?-Known 
SuppreSSor grid an3 SCreen grid may be inter 
posed betWeen the variable?mu grid ?9 ani the 
anOdes. It will alSO be understood that for cer? 
tain appliCations,inStead of us*ng a series of 
Separate anodeS 2?,8 Sinrle Continuous anode 
may be provided,Furthermore,While the tube 
shown in Figs. 1 and 2 has the e°e3tro3e8 in the 
?Or?a Cf tüular or Cv1inirical eierents,this is 
?10? hecessary. For example,the grids 48 and 19 
?13y be Single planar elements mounted in paral? 

15 

4 5 

4 
1el planar array with a corresponding Series of 
planar &nodes or plates,and if desired these 
anodes and plates may be coated with Suitable 
fuoresCent material,which fluoresces visibly 
in res?onse to electron bombardüent. The Wari 
able-rau grid f8 is proVided WiU1 its reSpeCtive 
ieaf-in ?4,and the variabie-mu grid 19 is alSO 
provided with its respective lead-in 25. 
Fig.6 Shows in SchematiC forón,a typiCal man? 

ner Cf Conne3?ing the Various eiectrodes of Figs. 
? and 2 in Circuit to aChieve the objects of the 
invenüOn. The elernents Of Fig. 6 Which are 
identical With those of Fig. ?,be@r the Same 
desigmation numerals. Thus as shown in Fig. 6, 
the e?egtron-emitting Cathode ?3 iS COnnecteü 
through a Suitabie adjustable bias CirCuit,com 
prising for ex8mple the potentiometer 26 and 
the direct Current bias SourCe 2?; the negative 
ter?ainal of thi8 bias SOurce peing Connected 
throügh resistor 28 to the variable-mu Control 
grid f8. Likewise,the Second variable?mU grid 
#3 is COnnected through resistance 29,arid thenCe 
through the potentiometer?bias elements 26,27, 
to the Cathode !3. ?n order to adjüst the rela 
tive direct Current bias on the grid 9 with re 
Spect to the grid 8,the reSiStances 28 and 29 
have brid?ed thereaCross,another adjustabie 
potentioneter resistor g@,whose &djustable arm 
3} is éonne3ted directly to the grid 19. The cen 
ter point of resistor 3@ is directiy eonnected to 
the grid 43. A Suitable direct current source 32 
i8 ponnected BCross resistor 3? With the polarity 
as indicated. By this arrangement it is possible 
to vary in 3ny desired manner the direct current 

; bias potential On grid 1@ and on grid 19. 
Since the grids 13 and 19 each have a variable 

pitCh Winding or Variable-mu control charaCter? 
istic,as the bias applied to each is made to vary, 
for example by adjusting the potentiometer 
arms 31 and 33,the cut-of point for the fow of 
plate Current to the anodes 22 travels linearly 
along the length of the Cathode 13. fn other 
VOrds,Considering the Cathode f3 and the first 
grid #8,for Very high negative potentials the 
electrons from the Cathode fow through the 
grid only at the more open or wider spaced 
regionS Of that grid. Therefore,by reducing 
this negative direct current bias from its maxi 
rpum to a lower negative bias,the efective 1ength 
Of the Cathode 13,SO far asemission through the 
grid 18 iS COncerned,Can be made to vary1inear 
1y with the direct current bias applied to grid 
18. Likewise,with respect to grid 19,for a pre 
determned maximum negative bias on that grid, 
electrons from the cathode will pass through 
grid 19 only at the open or wide spacing end 
thereOf,but as this negative bias is reduced in 
magnitude,SuCCeSSively greater areas along the 
iength Of the Cathode 3 becone efective in 
emitting electrons through the grid 19,There 
fore the windings or spacings of the grid 1at 
erals Of the two grids f8 and 19,Can be so ar 
ranged that there is Only a Smal "open° over 
lap of the two efective Sections of the cathode 
COntroiled reSpectively by eaCh of the two vari 
abie-mu grids. In other words,the two grids 
are both electronically "open" to simultaneous 
1y pass electrons to the anode or anodes only 
OVer a Small p0rtion Of the Cathode,the size 
and location of Which portion varies with the 
relative potentials applied to the grids 18 and 
49. This relation is roughly and diagrammat 
iCally illustrated in Figs,3,4 and 5. 
ín Fig. 3,the abscissae represent the succes 

Sive magnitude of voltages applied to grid 18, 

  



and the ordinates represent thecorresponding? 
efective length of the Cathode 13 so faras.elec-r 
trons passing to the anode are concerned. The: 
Shaded area in Fig. 3 therefore represents for 
any given grid Woltage the:c0rresponding ef 
fective conductive area along the length of the, 
cathode,Likewise,in Fig,4,theabscissae rep 
reSent the COrreSponding relation between the 
VOltage8applied to grid 19 and the correspond 
ing efective ernitting length of the cathode,13, 10 
S0far aSelectrons paSSing.t0theanode are con-, 
Cerned. Fig,5 Shows the Combined result of 
the Simultaneous action of both grids?18 and 19? 
in Controlling the fiow of plate:current to the? 
anode or anodes,Aswill be seen from Fig.5, 
the efective emitting area ofthecathode,so.far 
aS·electrOnS reaChing-the anode oranodes are 

15 

COncerned,that is the.overlapping"open" sec?? 
tions of both.grids,is relatively narrow and.it 
moves along the length of the Cathode in.a rel 
atively linear manner. If,therefore,each ofthe 

20 cathode ?3. Thegrids ?? and 4? have respec-- 
anodeS 22 is prOVided With a fiuoreScent Coat-.… 
ing, the wariation:0f the potentials on the grids 
18?and 19,Will reSult in the electrons-Which 
paSS the grid 19 impinging Successively upon the 
Said anOdes,Which impingement Will be?indi-? 
Cated by a correSponding fluorescent efect. 
Fig.8 shows in.pict0rial.perspective form,the 

position Of the electron Stream from the Cathode 
for One particular relation of potentials.applied 
to grids,18 and 19. By reaSOn of the alignment 
Of the,grid Side rods, the electron stream is 
Shadowed by thoSe Side-rods in a manner well 
Known in the electron tubeart,so that the elec?? 
trons Which pass through the grid?19 are Sub 
Stantially in the form of:fan-Shaped sheets or 
Streams extending diametrically,opposite from, 
the?Cathode 13 t0,thean0de,In the particular 
relation ShOWn in Fig,8,these,eleCtron Sheets, 
by reaSon of the particular potentials applied to 
the grids 18 and 19,impinge upon the:Second 
anode 22,and by varying the relative potentials 
on the grids 18 and 19,theSesheets Can be made 
to travel upwardly and downWardly as indicated 
bythe arrows,thus impinging in SucceSSion upon 
the·reSpective anodes?22. 

25 
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?t Will be underSt00d,Of COurse,that Singethe? 
grid 19 is closer to the anodes thanthe grid 18, 
it may be necessary to adjust the potentials of: 
thesegrids in Such a Wayasto produce the 1inear 
relation illustrated in Fig, 5. Thus in Fig,6, 
the armS 31,and 33 Can be ganged to a Common° 
Control member or device 34 to preserve there-, 
quired potential relations. It Will,be under 
stood,0f CourSe,that it is not absolutely neces 
sary that these relations be truly 1inear, since 
in any event the Combination Will result in the 
production of a Sheet or beam 35 of the desired 
thickneSS 36 and WhoSe position Can be,made 
to vary linearly along the Cathode With reSpect 
to any desired parameter. 
The invention is not limited to the Conjoint 

adjustment of the potentials on the grids 18 and 
19. These potentials may be made to vary in 
dependently of each Other,and in fact thethick 

50. 

55 

60, 

65? 
ness,36 of the beam 35 can be made to vary? 
While its location Considered along the 1ength? 
of the cathode is being varied. Thus,it is pos 
Sible to COntrol the beam width So that it can. 
OVerlap two Or more adjacent anodes 22. 

If desired,the two grids 18 and 19 can,be? 
70. 

excited by alternating current potentials. Thus? 
as shown.in Fig,7,the grids 18 and 19 are con 
nected across the Sec0ndary Winding 37 of a, 
suitable input transformer whoseprimary wind 75 

ing38 isenergized fromasuitable-sources39Fof? 
signal-controlled alternating:current potentials.s? 
The:Cathode.f3 is returned.to an adjustable tapy 
?? on the Secondary Winding?3T through a re 
Sistor 41. Thetapi40.can be adjusted so:asto: 
COntrol the"open° Overlappingelectron-paSSing? 
Sections of the two'grids*18 and 19,thusinfefs 
fect Causing.the elegtronsto:Scan-the anode 22. 
in.adireCtion.parallel to thelengthofthe Cath-? 
Od6 13, 

Figs. 9.and i9 ShOW the-invention embodiedin. 
8 two-dimensional scanhingtube of the cathode 
raytyper This,tube:may Comprise a Suitable. 
enClOSig envelope @2 having mounted interior 
lythereofat oneend;anelectrode-assembly com… 
prising an elongated or linear electron-emitting 
Cathode 43, a first variable-mu grid ?*, a second? 
Variabie?mu grid ?5, and,an anode ?3 having:a. 
Slot ?? in*linear alignment…and p2ralel to-the… 

tive Opposite Variable-inu Charagteristic8 as:de-- 
SCribed above forgrids:?8 and?!ä. Con8equently, 
When the grids afe suitabiy e31ergized,as ab0ye? 
deSCribed,the "open' oyerlap region of thè-two, 
gfids ?4 and ?$ wil travel along the ength of 
the cathode ?3-to produce,in efect a relatively/ 
narrow beam ?3,'husthevertical height ofthe 
beam is Controled by" the above-mentioned 
"open" overlap of thegrids:??3ad ?3,and the: 
Width Cf that beam;is?e0ntrolled by the width 
Gf theSlot ?. Moünted.inthe path of this beaa1, 
?8 is any Suitable beam-defecting-Systern,com-- 
prising for exampie the latepaliy-Spaged electro-… 
Static defegtor plate8 @9 and ?3:Which caa,be? 
energized in any desired manner to i@?ect the* 
beara ?3 in a direction?transverse to its move-? 
rrent relative t0,the?length of the Cathode ?3. 
8uitably mGunted within'the envelope,2 at the? 
03Posite end from the Cathode ?3;? 3?8Creen-Or… 
target Which may Cornprise·a Series of Giscrete? 
elementS 51,Carryinganywell-KhoWa ?UogosCent, 
material which füoresces when impinged Upon 
?y the electron bearn ?8,Thus i? is possible to: 
subject the beara &3 to any desired tWo?dimen-- 
si0nal SCanning moveraent by appropriate en-- 
ergizati0n of the grids ?,??,and of the-plates? 
49anG ??? 
As pointed Out above,it is not negessary that 

the WO QppoSite Wariable-?1u"grid8 Ge-mounted 
iri Parallel array. ThuS in F??11 thesegrids, 
areshown mountedinperpendicularrelationand? 
COOperating With a seCOndary?ernission Surface, 
Thus in Fig. 11,the primary electroh-emitting, 
Cathode 3* may be Similar to,the cathode-43. 
and may have mounted adjaéent one sidethere-… 
of a planar control grid ?2 having the gridwires* 
or laterals spaced 8part SuCCeSsively greater dis 
tances considered frorn Ope·en? of the Cathode 
td the Other. Mounted in inclined relation,t0, 
the cathode?5*is a secondary emission plate? 
ortarget 53 which has its surface facing the 
Cath0de 5f treated"or C03ted,so a8 to render·it? 
an eficient emitter Of seCOndary eleetrons Wien: 
bombarded by primaryelectrons from cathode 54. 
Mounted ii spaced relation to the target $3, 
and for exampie at right &ngles t6 the cathode? 
54e,isanothervariable-mücontrolgrid??inaving 
the grid laterals successively spaced unequalyto 
provide the desired Wariable-mu Characteristic, 
Motntedin Spacedrelationto the ogposite Side of° 
grid ?? is a suitable electron collectorplate55° 
which coliects the secondary electrons that pass, 
throughthegrid $?. By mountingthegrids5?and" 
54 With their fine mesh portions adiacent as? 
shown,it.is clear that the grid.52 when it.re 
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ceives a potential of a Certain magnitude,per 
mits the primary electrons from Cathcde 5* to 
pass therethrough from a relatively restricted 
portion along the length of that cathode &S in 
dicated by the shaded area. LikeWise,the be8?i 
56 of secondary electrons Wil have a CorreSp0nd? 
ing width. However,because of the variable? 
mu or cut-of characteristic of the grid 54,0nly 
a portion of the width of the beam $3 is able 
to pass through the appropriate mesh Cf the 
grid 54 to reach the collector 55. Thus by vary 
ing the relative potentials on the grids 52 and 
54,the Section 57 of the beam 53 can be made 
to move across the target 55 as indiCated by 
the arrows. The manner of Connecting the Cath 
ode 51a,the grids 52,54,and the target 53 in 
circuit,may be the Same aS that ShOWn in 
connection with Figs.6 and 7. The collector 35 
will of course be connected to a Suitable 10ad 
circuit 58 and to a Suitable positive direct Cur 
rent biasing potential 59. 

Referring to Figs,12 and 13,there is Shown 
a further moGification of the invention,wherein 
the beam can be Subjected to Controled motion 
in three mutually perpendicuiar directiOnS. fh 
these figures,the parts which are the Same aS 
those of Figs. 1 and 2,bear the Same designa 
tion numerals. They include the Central elec? 
tron-emitting cathode t3,the first Variable?mti 
controlgrid 13,and the SecOnd Variable-mu C0t1… 
trol grid 19. The anode 22 may be in the forra 
of a single continuous metal Cyinder. Suitabiy 
mounted at the upper end of the de8?ribeü elee? 
trodes is a Circular disc 63 Which ?ay be COate@ 
with fluorescent material. This diSC may,for 
example,be of mica or other transparent ma 
terial having the fuorescent Coating thereon Ol 
the Surface facing the electrode aS8einbiy,8u?? 
rounding the envelope or bulb 13 is a Series Cf 
excitation coils 34,62,63,6?,which can be Con- 4 
nected to a polyphase alternating Current sup 
ply,so as to produce a rotating electrornagnetic 
field whose axis of rotation is along the length 
of the cathode 43. Mounted adjacent the iGWer 
end of the bulb is another COil G5 for producing 
an electromagnetic field extending through the 
tube parallel to the 1ength of the Cathode 3. 
As a result of the combined rotary field and the 
1ongitudinal field acting on the electrons from 
the cathode i3,and as a reSult of the Selective 
opening efect of the two variable-mu grids 18, 
19 as above described,the beam Which reaChes 
the surface 6@ can be given a rotary motion as 
indicated by the arrows in Fig,13,8nd the ter 
mination of this beam at diSc ?$ C&n be Varied 
in a radi&l distance outWarüly from the Center 
thereof. In Cther Words,when the grids #8 and 
19 are relatively energized So that Only a re 
stricted region at the upper end of the Cathode 
13 is effective,the Selected beam trajectory pass 
ing through the overlapped open Sections of the 
two variable-mu grids terminates at the disC 89 
near the Center thereof,8nd at the same time 
canbegiven a rotary motion. On the Other hand 
when the potentials of the grids 13 and 13 are 
adjusted so that the efective beam is that leav 
ing 1ower regions of the Cathode ?3,this beam 
strikes the surface 69 at a correspondingly 
further distance from the center thereof,3nd 
1ikewise can begiven a rotary motion. This ar 
rangement therefore provides a convenient meth 
od of producing fuorescent traces in polar co 
ordinate fashion. For example,the radial di8 
tance of the flUorescent Spot appearing On the 
disc 60 Considered from the Center thereof,Can 
represent one coordinate Such aS distance,and 
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8 
the circumferential position of that spot con 
sidered around the Center of the diSC 60 Can 
represent angular position or azimuth. It will 
be understood, of Course,that the Windings 
$???4 Can be energized at a fixed rate of Speed, 
and if desired an additional grid 66 can be 
mounted between the above?deSCribed electrodeS 
and the disc 69,and thisgrid 66 Can be energized 
with Suitable blanking pulses or the like So as t0 
Cut of the beam Striking the diSC 69 eXCept When 
received signals are to be displayed on that disc. 

Fig. 14 shows,in perspective diagrammatic 
form,a further modification of the invention, 
and Wherein the elements which are the Same 
as those of Figs. ? and 2,bear the Same designa 
tion numerals,Thus the electron emitting Cath 
ode 13 is provided with a pair of oppositely-di 
rected variable-mu control grids 18,19,whose 
grid laterals 67,68,may extend perpendicular to 
the length of the cathode 13. BetWeen the grid 
15 and the fluorescent target or anode 22,there 
is mounted another pair of variable-mu grids 
69,??,However the grids $3 and 0 have their 
grid laterais 71,72,disposed at right angles to 
the laterals 6?,68. Here again,however,the 
1aterals of grid 69 are Spaced unevenly from 
one Side of the grid to the other,and likewise 
the laterals of grid ?? are spaced unequally from 
One Side to the other of that grid but with 
the opposite reiation of Spacing aS Compared 
with the spacing of the laterals of grid 69. Con 
Sequently,by Suitably energizing the grids t3 and 
?3 as above described,there is produced in efect 
a beam or sheet 3? Which moveS Vertically along 
?ne length Cf the Cathode. In a Similar manner, 
by Suitable energization of the grids 69 and T0, 
the sheet Which passes grid 19 is further Sub? 
divided in a horizontal direction,that is,a di 
rection perpendicular to the length of the Cath 
ode,So that in efec6 the target or anode 22 can 
be scanned by an eiectron Spot,and this spot 
can be given any desired coordinate movement 
or pattern of trace over the Surface of target 22. 
?t wili be understood, of Course,that the Show 
ing of Fig. ?4 is SChematic and that the VariouS 
electrodes are Supported in any Conventional 
manner within an evaCuated envelOpe Or bulb 
which is omitted from Fig,14 for purposes of 
Clarity. 

Fig. 15 shows a still further modification, 
wherein the invention is embodied in a double 
coincidence detector orgating tube. In this em 
bodinnent,there is provided the Cathode 13 and 
the oppositely-directed variable-mu grids 18,19, 
above described,In addition,another Set of 
variable-mu grid8 3,?4,is provided,these latter 
grids having oppositely-directed variable-mu 
characteristics,For example,the grid 73 may 
have its laterals Spaced unevenly,0r to produCe 
a variabie-mu efect Similar to that produced by 
grid i8; whereas grid ?? has its laterals spaced 
to produce a variable-mu efect Similar to that of 
grid 13. ConSequentiy,in order to have any out 
put at the anode 2?,it is necessary that the sig 
nals applied from the SOurce 75 and the Signals 
applied from the Source 3,be Coincident in time 
and adequate in magnitude. 
As pointed Out hereinabove,the invention is 

not limited to any Special law of Variation of spac 
ing of the variable-mu grid laterals of each pair 
of grids,So long aS the openness of their respec 
tive meshes varies in 0pposite considered along 
the length of the cathode. However it is possi 
ble with certain predetermined spacings to 
achieve Speical reSults,Thus instead of the spac 
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1ngbetWeenthesuccessivelateralsóf8 gridvary 
ing.progressively.these laterals ofthegrid-may 
3bearrangedingroups.and maybeused to pro 
*Vide animproved formsofsteppingtube. Thus 

ClOSes an elongated electron-emitting cathode:78 
{anda"Seriesofanodes-ortargets?3,?nterposed 
ibetWeen thecathodeandranodes.s 8 frst vari 
*8ble?mügrid 88 which has its grid laterals ar 
ranged in?roupswith thespacing between the 
individual laterals ofahygivengroup equal,but 
With the interlateral spacingin successivegroups 
10f increasing openness"or mesh, ?ikewise the 
?SeCOnd WariabJe-mu grid:3?rha8?ts(1aterals ar 
(ranged in groupsTwith the interlaterB1:spacing 
for any given group equal, butrwith the inter 
1ateral,Spacing in?SUccessive grougs grogressive 
1yincreasing. These.two gridsare mounted.so 
thatthe progression of thermesh inoaegg? ex 
"teads in theopposite dire3tion to theprogression 
-0f the meSh in theio?hergrid,the relation of the 
two grids being more clearly.Ilustrated in the 
"magnified view of Fig.18. 

By,applying increasing poteptialstorthegrids 
?80 and,8f,forexample?by moving thecontact 2 
;arms 31,33,the electrons from Successiveregions 
-of the Cathode along its 1ength wi11 beselectively 
paSSedin SuCCession to the corresponding anodes 
19,aS indicated by the arrows in Fig,16. While 
Fig.16 ShOWS°8?series of beams striking the re 
'spectiveanodes,itwill beunderstood tha;forary 
given energization of the grids 88.and 34,only 
One"Such beam will arrive at the porresponding 
an0de. Fig. 17 ShoWS in compogite Chart and 
{graph form,the relation?0etWeen the wo grid8 
·and the blanking"on" and"of" of the beam in 
SUCCeSSive steps,asit moves from one.anode.to 
another. 

Since the invention isconcerned broadlywith 
the provision.ofa tube having.at least wo:suc 
GeSSive Wariable-mu sections,itrwi1,be under 
St0od that the two overlapping variable-mu ef 
fects Can be aChieyedby other well-knownmeans. 
For exampleyinstead of usingtwo successive vari 
able?mu Wire-wound grids,one such grid.may 
be USed,and the Cathode itSelf may be Coated 
along its length in a Wariable manher. Thus as 
.shOWn in Fig. 19,the Cathode82 is coated so that 
the thigkness or diameter of the co8ting decreases 
frOm the Upper end to the lowerend. The grid 
83Wil then be a variable-mu grid with its closer 
·meSh.adjaCent the üpper end of the cathode,and 
this mesh inereaSing in openness toWards the 
*iOWer end of ?he Cathode. With the arrange 
??meat of Fig. 19,the electron beam will move 
downwardly from the top to the bottom of plate 
…8? aS the direct CUTrent plate potential is in 
Creased from a iower p0sitive Value to a higher 
POSitive Va?ue,While the grid potential is Simu?? 

·tane0usly Varieá fr0m a less negative to a more 
üegatiye Valüe. 

Fig,20 shOWS anQther embodiment Wherein the 
CathOde?? i3 UQifCrmly Coated along its length, 
hut is inC?ined with respect to the Variable-mu 
grid ??,this griá haVing its Closer spaced mesh 
adjace?1t the nearer part of the Cathode 85 80 
that the sgaping betWeen the cathode 85 and the 
?gri?8@ ?g in reiation to the openness of the grid 
me8a. ThUs by?ngressing Suitabie potentials on 
the grid 8?,electr0318 from corresponding local 
izedareas of the cathode 85 Will impinge upon the 
aL10{e ??. 

It Wil 3e ungerstood,of Course,that ?he in 
Vention is not limited to the USe of Wire-wound 
?ridS. For exa3aple aS.shoWn.in Eig.21,.the 
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-üaiy Varying thickneSS? 
8imilarly construCted,yut mounted in the re 
*Verse senSewith reSpect to grid·95? 

10 
pathode88-hasass0ciated ?herewith tworc0ntrol 
grids?9, $?-and an anode 91. 
89 hasatapered slot 92,and likewise thegrids9? 
has a reverselyp0sitioned tapered Slot.93, thus 
prOViding the Tequired SuCCessive,variable-mu 

The Control grid 

efects SO that When the grids 89 and,9? are 
energized as explained in,Connection Wi?h Fig?6 
0r Fig,7,the eleCtrons from C0rresponding 10cal 
ized regions along the length of Cathode38 Strike 
the anode 91. 

?f desired,the variable-mu efect,may be 
aChieved both by a Variation of the openness of 
the grid wire mesh, and also by a variation in 
?he thiókhess of the Said Wire; mesh,Thusras 
*ShOWn in Eig,22, the Cathode 94 hasrassociated 
thereWith Wariable-mu grids 95,·96,and anode 
??,The grid Jaterals of grid 95are progressively 
spaced apart,and theSe laterals are also of grad? 

The grid 96?may?be 

?nsöead of USing variable?mu grids With paral 
161 grid Side rOdsiand With the grid laterals of 
equal lengthextending betWeen the siderods,the 
grid8 maybe made With inclined'side rods. Thus 
a8 Shown in Fig.23,the Cathode38 hasassOciated 
thereVith Variable-rnu,grids 95,·96, and?anOde 
1??. Ehe side rods.??2,?63, of grid 39 are in 
Clined t0Wards eaChrother,and the grid laterals 
???:may either be equally SpaCed OrOfprogressive 

The grid:?09 maybe Similarly…con 
structed,but mounted in·a,reVerse·mannerto 
achieye ?he loCalization Of,therelectrOn bearm 
.fr0m,WariDUS regions along;therlength of the 
CathOCe,33. 

Fig. 24 Shows a still further modification 
whereir the-cathode-195 and the plate oranode 
??? are Congentric and:substantially…6ylindfiCal, 
whereas the firstgrid ???is of the VariableWind? 
.ing pitch type.ahd.is al80:0f COniCal Shape.With 
the harpoV-end of the:COne adjacent-thetop Of 
?e Cathode ?5 and the Widerend"Of…the:COne 
.adjacent the lowerendof the Cathode, Onfthe 
other,hand,the?Second grid???8 is alSO ofothe 
variable Winding?itchtypeandis alSO of COnical 
,Shage but With the harzoWend of theCOneradja 
Cent the lower end-ofthe CathOdeandrthe Wider 
end of therconeadjacent the Upper=end of the 
°Ca?hQGe. 
grids????,·??3,as illustrated in-Fig.6or-Eig.7, 

Thus,by varying theDotehtials on the 

the desired steppingaction of the eleCtrOn beam 
.aleng ae1ength ofthe plate1@8 can-beefected. 
?t…?8 not necessary that theindividual turnsof 
thegrids,1@? and ??8 be of Wariable Winding 
gitch,thatiswith diferentspacingsbetween-Sug 
cessiveturns, Ifdesired,each of these gridsr?{I, 
.??8,may be.of Uniform Winding pitCh?Sineethe 
*mu" of the first grid 19?-at SUCCe8sive,leWels, 
va*ies with,the distance betWeen??he tW0-grids 

?3,and the "mu" of the Second,grid,1?8 
1?ewise varieswithits distance to theanodel06 
*at Sug6essive levelS. 

Fig.?25?shows a *still?further modification 
wherein 6he cathode4@9 and the anode.orplate 
??? are coaxial and ofsimple?CylindriGal:fOrm. 
?n this embodiment theinnergrid ! ? Can be of 
Uniforra pitch and of cylindrical?form, that is 
ofuniform diameteralongthe lengthof the Cath 
ode, Ga theother hand,the Second grid?112 

70can be of conical form andwith?swideread 
asijacent the upperend of the Cathodexand itS 
1oweread adjaCent the loWer end of the Cathode. 
Hereagain,thevariable-muefect of thegrid 411 
at anygivenèleyelis determined bythe variable 
…spacing betWeen"grids ?and i?2?and thewari 
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able-mu efect of the grid 112 at any given level 
is a function of the spaCing betWeen that grid 
and the anode 1? at any given levei. If desired 
of course,either or both of the grids 111 and #12 
can be of Variable-mu or progreSSively variabie 
winding pitch. 
What is Claimed is: 
1. An electron tube, comprising an evacüated 

envelope enclosing an elongated electron?eait? 
ting cathode,a first variable-mu electrode h8ving 
a series of openings of progressively diferent size 
with the openings disposed along the length of 
the cathode,a,Second Variab?e-mu electrode also 
having a Series of Openings of progressively dif? 
ferent size and extending along the length of the 
Cathode,the said first electrode being mOunted 
with its openings decreasing progressively in size 
Considered frora One end of the CathGde to the 
other,and the Said SeCond electrode being f1ount 
ed With its openings inCreasing progressively in 
size considered 8long the opposite direction of the 
length of Said Cathode? 

2. Electron tube apparatus, comprising an 
evaCuated envelope enclosing an eiongated elec? 
tron-emitting cathode,anode means for Said 
Cathode,and means to 8Can said anode means 
with an electron beam emanating from any de 
Sired section along the length of the cathode, 
the last-mentioned means including a source of 
Variable Voltage,and a pair of Variable-mu con? 
trol electrodeseach Connected to Said source,said 
electrodes having respectively oppositely-directed 
variable-mu characteristics considered along the 
1ength of the Cathode,With the Said Characteris 
tics progressively varying along the electrode 
1ength. 
3,An electron tube, comprising an evacuated 

envelope enclosing an elongated electron emit 
ting cathode,anode means for said cathode,at 
least one variable-mu grid located between the 
cathode and the anode,Said grid having a pro 
gressively coarser mesh along its 1ength,Said 
cathode being inclined toward said grid with the 
closer end of the Cathode adjacent tha? portion 
of the grid having the finer mesh. 

4. Electron tube apparatus, comprising an 
evacuated envelope enclosing an elongated elec? 
tron-emitting Cathode,first and Second variable 
mu control grids Surrounding Said cathode said 
grids having their grid laterals arranged to form 
the electrons into a disc-1ike beam,one of said 
grids having its 1aterals of progressively increas 
ing SpaCing from One end to the Other end of the 
cathode,the other of said grids having its 1aterals 
of progreSsively deCreasing spacing from said one 
end of the cathCde to said Other end of the cath 
ode,and meansto appiy respective control poten 
tials to Said grids to cause Said beam Selectively 
to shift to any desired region along the length 
of said cathode. 

5. Electron tube apparatus according to claim 
4,in which a plurality of target elements are 
mounted in SpaCed array along the length of Said 
Cathode and Süccessively Scanned by Said peam 
in response to Said Control potentials. 

6. Electron tube apparatus, comprising an 
evacuated envelope having an electron?emitting 
cathode,anode means for Said cathode,firstgrid 
means for cutting of electron flow from said 
Cathode to Said anode means,Second grid means 
for Cutting of electron fiow from Said Cathode 
to Said anode means,Said first grid means hav 
ing a prOgreSSively increaSing Cut-Of efect Con 
sidered in One direction alCng the Cathode,the 
other grid means having a progreSSively decreaS 
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ing cut-of efect considered in said one direction 
along the Cathode,and means to apply control 
potentials Simultaneously to Said grids to cause 
the electrons from the Cathode to impinge Upon 
Said anode means in any desired localized region 
thereof. 

7. Electron tube apparatus according to claim 
6,in which said anode means comprises a series 
oftarget elements mounted in spaCed array along 
the length of the cathode,each of Said grids be 
ing Wire wound to form the electrons Which paSS 
the Second grid into a Sheet-like beam. 

8. Electron tube apparatus, Comprising an 
evaCuated enClosing envelope,an electron emit 
ting Cathode,anode means for Said cathode,Said 
anode means Comprising a plurality of targetSt0 
be scanned by an electron beam,Said Cathode 
Constituting one of the electrodes of an electron 
gun for developing Said beam,a pair Of Variable 
mU eleCtrodes having reSpective opposite Var? 
iable-mu characteristics considered along one di 
menSiOn Of the CathCde and eaCh Variable?mu 
electrode having a progreSSively varying variable 
mu CharaCteristic along its1ength,means includ 
ing a Source of Wariable Voltages connected to 
Said Variable-mu electrodes to Cause said beam 
t0 SCan Said targets in one direction,and Sepa 
rate beam defiector meansto Cause Said beam t0 
Scan Said targets in a diferent direction. 

9. Electron tube apparatus according to claim 
3 in which Said cathode is of elongated shape 
and Said Variable-muelectrodes and Said variable 
yoltage source cut-of Said beam from reaching 
Said targetS exCept in a region Corresponding to 
a desired 1ocalized portion along the 1ength of the 
cathode,Said Separate beam deflecting means de 
fieCting the non-cutof portion of the beam in a 
direction transverse to the length of the cathode. 

10. Electron tube apparatus according to ciaim 
8 in Which each of said variable-mu electrodes 
is a variable-mu controlgrid,the saidgrids being 
reSpectively of progressively varying mesh along 
their lengths and with the coarse mesh of one 
grid in registry with the fine mesh of the other 
grid? 

ll. An ele3tron tube,Comprising a prinary 
eiectron emitter,a Secondary electron emitter, 
6arget means,a first variable-mu electrode lo 
Cated betWeen said emitters,and a second vari 
able-fau electrode located betweensaid secondary 
emitter and Said target for subjecting 8aid target 
?D SCanaing by electrons @erived from any se 
?3Cted portion &long he length of said emitter. 

12. ?lectron tübe app2?etus,comprising an 
elongaúed eleCtrora?eraitting Cathode,anode 
rneans forsaid Cathode,meanS inciuding frs?and 
8eCOnd Variable-t?1U grids and 8,SOUree of vari 
able Foltages CCrinected tC Said grid3 to eXert a 
?ariable-mu Control on he e?ectrons frCrn the 
CathCde to produCe a pearn Which ernanates sub? 
Stantially radially froya a?y desired Section along 
th3 ?ength of the Cath0?3 in &CCordanCe W??h said 
Variable potertials,Signal ContrClled electrip field 
means to deflect Said beam in a dire2?ion parale1 
to the legath of the Cathofe,aná other electric 
field meah8 to C&Use s2i@ defiegted heam to rotate 
arCund a longitudin31 a?is Cf Said Cathode. 

?3. Electron tube &pparatu83CCording to ?laim 
?2,in Whi?h 8 1U2?niassCent a1get is ?aOuzated in 
ConCentric r6lat?0a to S&id Cathoße at One enri 
thereCf,and is 8382nred in SuCge5sive eircular 
?aths Gf inCreasing radius Under Con?rol of S8id 
yaria81e-mu mean8 820d both 88id field means. 

i4. Electron tube apparatus,CCmprising 8 @eh 
tral linear C8?hQGe,3n0de means surrgunding 
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Said Cathode,a firs?wariable-mugrid Surrounding 
the Cathode,a Second Variable-mu grid Surround? 
ing the cathode,target means concentrically 
mounted aéjacent one end of the Cathode,neanS 
to Simultaneoüsiy energize Said Control grids by 
respective potential8 to Select a particular region 
0f the C8thode to be efective in producing an 
electron beam terminating at Said target means, 
and field producing means to defect said beam 
radially outward from the center of the target 
and for rotating the beam Concentrically arOund 
the target, 
15,An electron tube,Comprising an elongated 

cathode,target meansto be scanned by electr0nS 
from the Cathode,a first Variable-mu beam COn? 
trol electrode having a progressively inCreasing 
mu along its 1ength,a Second Variable-mu beam 
control electrode having a progreSSively deCreaS 
ing mu alongits length,saidgrids being mounted 
with one grid having an increasing mu from the 
top to the bottom of the cathode,the other grid 
being mounted to have a decreasing mu from the 
top to the bottom of the cathode both ofSaid eleC 
trodes being 10cated betWeen the Cathode and 
target and energized to sübject the electrons frOm 
the cathode to a Series of SuCCeSSive variable-mu 
cut-of efects and thereby to cause Said target 
to be scanned at any desired localized area 
thereof. 

16. An electron tube according to claim 15,in 
which the first variable-mu means Comprises a 
pair of variable-mu grids of the unevenly-spaCed 
grid lateraltype,said pair ofgrids being mounted 
with the coarse-spaced laterals of one grid in 
registry with the fine-spaced grid laterals of the 
othergrid andwith thegrid1aterals of both grids 
extending transverse to the length of the Cath? 
ode;said second Variable-mu means C0mprising 
another pair of Variable-mu grid8 0f the Un? 
evenly-spaced grid lateral type with the COarsely? 
spaced grid laterals of one grid in registry With 
the finely-spaced grid 1aterals of the other grid, 
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the grid laterals of both 0f Said seCond pair of 
grids being mounted Substantially parallel to the 
length Of the Cathode. 

17. Electron tube apparatus,Comprising an 
evaCuated envelope enclosing an electron-emit 
ting Cathode,a Series of target electrodes 
mounted in spaced array along the lergth of the 
Cathode,a first Variable-mu grid having its mu 
progreSSivelyincreasing alongitS length,a SeCOnd 
Variable-mu grid haVing itS mu progreSSively de 
Creasing along its length,both of Said grids being 
iOCated betWeen the Cathode and targetS,Said 
grids being mounte@ With the Coarse mesh of one 
grid in registry With the fine mesh of the other 
grid,the meshes of both grids being correlated So 
that for successive increments of Control po 
tentials applied to both grids the electrons from 
the Cathode are formed into a beam Which SuC 
CessivelySCanSSaidtargets, 
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