


PROPOSED MANUTACTURING TECHNIOUEE FOR PO-F TUIE!;

PHILCO CORPORATION

TNTRODUCTION

Thc POf tube prercntr r numbcr of manufacturlng problcma
of whicb thc followlng ere probably tbe most rigniflcant:

l. Printtng of pborpbor lincc on tbc face, of auch a abape
rnd rrrrngcmcnt thet the clectronr will land cxclu-

. aivcly on rcd, Srctn or bluc phocphore when they
origtnatc from tbc rcd, grcen' end blue gunl retPcc-
tivclY.

z. Atignmont sf thc grtllc ctructurc with thc phorphor
line a truc turc .

3. Altgnmcnt of thc tubc nech witb tbc grtlle rtructurc.

1, llenulecturo of grtllcr.

Thls rcport wlll dorcrtbe hro gcneral approacbee to thc problem
of printtng pboepbor llnaa, bqth of whlch emptoy clcctronic metbods to

ptodo"" rubmaatcrc. Tbc rubmaatcrl are thcn ured to print phorphor
iit 

"r 
by opttcal mcthodr al.mllrr to thorc uced witb Applc ' Thc report

alao ditcuttct ruttrbtl mcthoda for rolvlng the rcmalniug problcma
ttrtcd rbovc.

l (A) PRINTINC or. FJoSIPHQR LINqS :- frrlt eroporrl

It tr proporcd to prtnt phoapbor llnec by a combinrtlon of

clcctronlc rnd opttcrl tccbatquaa. Thc ori3lnel conccptlon of cloctronic
printlng lnvolved dtrcct clcctronlc GrPoture for each rct of pborphor
itne r; thir tmplice tbc rrrembly, rcattGmbty rnd evacutdon of cacb
tubc tbrac limcr. At crcb errembly accurttc duplicrtton of both
mcchrnlcrl and clcctrlcrl lnramctcrr le crEentiel'

Tbc prcrcnt proporel avoldr tbcrc problcma. In thc firrt
plrce, I mtltcr front prncl le crporcd for ell pbolphor ltnce et oncc;

tbir crobodlca in e rhllc prncl rll thc rcletlve eccurrcy rcquircd of

tbc pboephor lincr. submartcrr for opticrl printtng arc mrdc by

photogrepbtng thlr pencl in I prcclrlon clmcra. Front penclr are
i.t.oi"a wfth pborpbor by optical cxporurc ln a prcclrlon proJector'
Tbte part of tbc tcchnlqur clorcly perellclr Apptc metlrodr.

To be morc epcciflc about thc mcthod, lt 1r propoecd to bave

- t-



I

r demountabte vacuum eyrtcm tn wblch to makc the ortginal front panel

from wblch tbc opttcel rubmeltcrl erc mrdc. Tbir vacuum ryrtcm
pt""ia.r (f) " kticmatic mowrtfor thc front penel (Z) t klnemettc mount

for e grlllc rrrcmbty. Thcro two urountr rbould bc on I common belc;
thcir purporc tt to pcrmtt rccurrtc placcmcnt ead rcpleccmcnt of tbc

prnot.rra u" grlttc, botb rchtivc to cecb othor and to tbc balc' Thlr
common baac is, in turn. hlnemattcally mountcd in tbc dcmountable

vlcuum ayatem i1 ptopor relation to thc gun-ncck arsembly' Thie lat-
tcr duplicrtcr thc "oti".pon,3ing 

pert of tbe"picture tubc' Figurc I

rhowc I dcmountrbtc ryrtcm cqutppea with kincmrtlc mount' Dctetll
of thc kincmatlc mount erc glvcn tn Figurc 2 '

Thedemountrblcryltcmleflrrturcdtomakeafrontpanet
containlng inforrnrtlon on thc placcment of rll thrcc rctc of pborpbor

linct. Tbtr tr donc by cortlng a front prncl slth clectron'renritivc
emulcion. Tbc pancl ir thcn ptecca on ltr kincmatic mount, togcbcr
with tbc grille eieptcr and gtittn, both thcn bclng on the common bare

end tbut ln propcr rc6ttvciocrtton. Thc bele ie thcn, ln turn, placed

in thc dcmountable on tte hlncmetlc mount, lo it lr propcrly loceted

wllb rcepcct to tbc grrn urcmbly. All tbreo clectron gunt, thc dcflcc-

tion clrculte, end tha otbcr aupply voltegcr rrc t'hcn rctivetcd' Tbc

cxpoture lt tbur mrdc; tbc otoclron focullng end GxPosurc ttmc bclng

ruch ar to glvel on devclopmcnt of thc panel, a ret of opaque blach

Itnes with clcar sprcc! bchrcen of approxlmatcly equrl width' Thcse

;;;;; ri".r-ro"rie tbc porltlonr of ivcry phocphor llne, altlrough t'bcy

do not idcntifY ttr color.

To provido color ldcntulcrtlon end tbur to enrble reprratc rub'

mertcre to bc medr, thror morc lnnch erc orpoecd' Thc ortglnel
prnel will bo rcfcrrcd to ac pencl numbcr l; thc eddltlonrl prnclr will
bc rcferrcd to ar numbc tt lt 3, rnd 4 rcrpcctivcly. Pancl numbcr

2 provldcs ldentiftcrtlon of tbc rcd pbolphor liaer. It te cxpoecd

eimllerly to tbo ftrtt pancl, wlth thc crccptionr that (r) only the rcd

gua lr turncd oo rad (l) tUc clcctron focur i rcndcrcd lcrr ebrrp' thc

cxposure timo lr lncrerlod. or by othcr mcthodr the width of t'hc

black llne on thc ptncl'Ia incrcrlcd by e factor of ebout two ' Tbta

cecond pancl, wuon dcvclopcd, wlll brvc blech tlncr et tbc location

of tbo rod pbotpbor linca only; but tbcre bhck tincr rtll bc romerrhat

*tAot (p"rLp"'t*i"" er wtdci er thc corrctPondlng llncr tn tbc firrt
pencl. Thc tttta penel lt madc rtmllarl'y, but wlth grccn gun alone

turncd on; wbllc ior thc fourth prncl only thc bluc gun ie rctivatcd'

To mahc e red rubmertcl, I Prcclrlon clmcrl !e urcd' It.-

bea (r) r fhrmeit. -o,-t for tbc fioai Prn?l.ldcatlcrt wtth tbrt urcd

ta the dcmountrblc (b) e pbotogrlphtc lcnr (c) an illumlnrnt' It lr ltlur-
tretcd diagrammetlcelly m ftlurc f . Thc ftrlt pencl tr placcd on tbe

klncmatic mount, end I prectelon platc il placcd tn tbc kincmetic phtc-
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bolder. An Gxposurc ts thcn rnedc, wbereby the platc receivea a latcnt
imege witb tlncr corrcrpondlng to rll, tbrcc rctr of phorpbor lrncr. Thc
plrtc tr lcft in porltion in tbc platcholdcr, whilc the flrrt prncl ic re-
movcd and tbc tocond rubrtttuted for it. A rccoad Gxltorure ir then
medc; durlng thlc rxpoaure thc bleck line r of lbc recond panel protect
tbe uncxpoEcd rcglonr tn tbo platc wb,lch corrtrpond to thc rcd pborphor
llncs. The otbcr nncxporcd linca arc cxporcd or "foggcd" out by thc
clear 6paces of tbe rccond pancl. Becausc thc black iincr of the rccond
peneI art .orrrcwhrt widcr tbsn thorc of tbc flrrt, rninor inaccuracier
(ruch ar would aricc from dilfcring elcctrical condltlonr in the two
cxporurcc) cen be tolcrrted, and will producc no inaccurecy tn thc
ftnel rubmartcr platc. Thc ptetc lr now rcmoved from the platcholder
rnd dcvcloped. It will hgve nrrrorr clcar liner detcrmincd excluaivcly
from thc locatlon of corrcrllonding blsck llncr on thc llrrt panol.
Tbcrc cleer llncr will corrGrpond ln porltion to tbc rcd phosphor lincr
only. Tbe tntcrvcnlng rprcar, conriettng of broad bleck llnog, covcr
tbc vlrtual locrtlonr of tbc SrGGn rnd btuo llncs.

A olmiler proccsl, involvlng a llrst Gxpoourc from thc flrrt
pencl rnd e rccond cxpo.urc from tbc thlrd penel, wtll providc a sub'
mtrtcr for thc 8r€cn pboaphor lincr. A furtbcr rpplicgtlon of thc
rnclhod, uelng prncle I end d in ruccclrlon, will givc a bluc rubmactcr.

The rubmrrterc rre urcd to print pbosphor lince on frout panclr
by exactly thc ramc process as ErGd with Applc. ln fact' thc came
preclaion proJcctora crn bc uced, with clight modillcetlonr being requlrcd
to adept tbc klnemetlc mount for tbc cylindric faccptate uaad on the
POf tubc. A typtcrl prcclrion proJcctor b ahown, in diagrlm form,
ln figurc {.

It would bo dcrirrblc, wbcn dorignlnS thc preclcion ctmcrt, to
arrangc tbat tbc front nodel polnt of lhc lcnr lier on tbc chord of thc
electron traJcctory bctwcrn grillc and front pancl. Gcnerel .EIectric
cng:inccrr brvc rhown (at lcert for plano grtllc and penet) tUat ttrtc
chord ls r fixed line for eny glven arrival angle of thc clGctron beam
at tbe grillci end that tt ls noi cbnnged by moving the pancl witb rcrpcct
to the grtllc. Thur minor varletions of tbc panol rurfacc would not
alfcct thc rccurrcy of linc placcmcnt on tha rubmectcr plrtc if thc
nodel potnt of thc lcnr ir on thir chord. The rlme princlple ohould bc
obscrvcd in dcrigning tbc prtntlng proJcctor by locetlng the front nodal
polnt as suggcetcd abovoi tbia corrctponds to thc practlcc. in Apple
printing, of brvtng tbc front nodal point of thc proJector lcns at tbc
effecttvc deflcction center. Thc chord of a givcn clectron traJcctory
will intcrecct thc exit of thc tubc ln a point which wrll be called tbe
cffcctivc clcctron centcr. Gencral Elcctric cnginecr! havc pointcd
out tbrt tbc clfcctlvo clcctron cenlcr docr not rcmeln et thc aeme point



r' the deflection engle incrcarct, tnd thlt corrcctlon must bc made

for this wbcn prtntlig pborpbor linco by optlcel cimulatlon mcthodr'

It mey bc obeirved b-ni" tbrt tbis lr e much morc important fector
when endeavoring to provldc complctc opticel eimuletlon of the electron

p8th, as ba= bcci tngeniourly accompliahed ln thc PA tube by mernr

of a corrccting lcnrr- than it lc for tbc mcthod proporcd hcrc' ln tbc

former case it tr nececsary to kcop the light rey in coincidcnc-e'rplth

tbe ch.rd of the electron traJectory ot"t tU. wbolc dirteace (ebout -

t iach) between grilte tnd tcrccn. But in thc cltc of the combincd

clectronlc-opticil method, departurcc of tbo cbord only occur during

thc much rhortcr dlrtancca correeponding to thc departurc of thc

panel surface from ideal. Thur it 1r tikcly that a very ratirfactory

"o-p"t-iee 
can bc obtalncd by placing the nodal polnt at aomc

location reprcEenting tbc avcrrSG Potitton of tbe etlectivc clcctron
ccnter.

ItgbouldbcnotcdtbetthilmcthodolscrcGneppllcation
lcnds ttscu wcll to thc currcat Apple tcchniques of acperating phor-

phor lincs by inert blrck llncr. Tbls glver lubgtantlal ambicnt pro-

tcction by covcring up the alumlntainSln thc rpaccr bctwcon tJrc pborphor

lines. It algo aidr tha cffcctive accuiacy of pborpbor linc pleccmcnt

because thc black tFrces rrc lrld down first, from a ringle submastcr'

The pbcsphor linesL.y thcn overlap thc black llncs, siucc thcir

cffcctlve widtb is detcrmincd by tbc 3PtcG bctwesn tbe bleck lines'
A suitablc aubmaetcr may bc oLtaincd from thc firlt lnncl in tha

above procGcal by revcroal dcvcloprnent of thc platc aftcr tbc firrt

"rpo"Jrr. 
submistcre for red, grccn, and bluc prlnttng could oren

be obtaincd by photogrePbing psncls 2' 3' and { dircctly'

z (A) ALIGNMENT Otr. THE GRILLE ST& TURE \f,tTH THE PHOSPHO4

LINE STRT'C RE

Allgnment of tbe grille rtructurc wtth the pborpbor linc atruc-

ture representl a futdam"t t t problem with tb. POr tubc ' Thcrc arc

aeveral methode of approacb. AII rcck to ecbieve thc berrc prlnclptc

of placing th,c gritle ttructurc in thc lame poeitlon reletlve to tbc

feceplale scat€d on ito klnematic mount (a duplicato of thrt ucod in

6hc demountablc tyrtcm) at waa thc mreter gritlc tn thc dcmoqntrblc '
All atrume tbat tlre worklng grlllc l' ldcnticel to tbe mrrter grillc '
Any dcpartures will be tccommodeted by abaorblnS romc or ell of thc

tolerancesrcmainrnglntlrcsyctemaftcrlincapplicntlon.

Locetion of rny riSld body requirea thc rbeorption of aix dogrcca

of freeclom. Thcrc -.y U" tUougbt of iundamcntrlty aa conglsting of

translationc in tbrce mutually pJrpendfcular diroctionl' couplcd with

rotations about cacb of thcre thrcc BxGt. ln tbe crcc of tbc cylindor

defrned by the grillc wlresr one of the lxes may convcnlently bc chosen
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to cui4cide wi.tb the axis of the cyl,indor. Of th€ six rcstraints requrred
tg define its poeitlonr oD€ is required to rertrain lt from motion along
thc cylindsr rxis (th^et rc, in r dlrcction prrallel to tbc rrircs). Tbtr
one rs obviourly not crilicrl, end tccuretc rcrtilint ir not aeccatarlr.
The othcr fivc degrecr o{ frccdom to bo ebrorbcd erc (t) truelatlon
elong thc tubc "*.i 1e) rotrtiou rbout tbc tubc uil (3) tranrletlon
along an ax15 pcrpendiculrr to tho wircr end llt tubc axre (4) rotrtron
abr:ut tbrr axic, ud (5) rotetion about tbc sylindcr exir.

Onc mctbod whicb appcrrr to hevo porribilttice ir rimiler
in general conccPt to e aotbod orlgtnstly ProPoscd et thc GE. Hcrc
thc wrres, rlrung oDe,Il accUra!r Srillc jig ere cemeatcd to ruitrblc
ridgct moul,led rnto tbc inridc rur{cca o{ tbo tuba fecc. l3 ir hcrc
prop.rred to modify tbio by provrding tbe grille Ji3 witb kiacmetic mouat'
lng lect identical wlth tho6 urcd iD tb. dcmountrblc ryrtcm3 for prcf-
uti..o thc jig itacU rhould bc ro dcrlSncd tbrt it cgn bc ured in tbc
demouttabte in tbo proce st of meking .ubmrtt rr'. Such r grillc Ji;
ic shown a6 an elcmeni of tbc complctc Jig eyrtem illurtratcd in
Figurc 2. It ie furthcr ptoPorGd 3o rubjcct tbo tubc prncl to e PrG'
liminary macbining Proc.rs u81ng a diamood wbeol, whoreby lbcT
topr of thc ridgct tr. rccurttcly cut to r cyllndtr of tbr propcr rrdiut.
The macbrning ir pcrformcd whilc the penol ir moun0rd on e htnomrtic
cbuck rdentrcel to tbo mounS urod in tbc dcmountable; tbc brsc of tbc

aamc jig uacd ln thc dcmoualeblr ryrtem could bo urcd. In this wey
the axic of tbe cyliadcr k rlweyr dctcrminod accuretcty witb rclpcct
to the kinematic mount. U tbc glerr ir accuratoly mouldedr tbc

opcration ncsd not rGErovc mUcb mate rirl, For profcrcnca thr cut
clouid go a littlc bclor tlc tbooroticrl cylindcr, co tbrt ln tbc fotlorln3
opcretion of ccmontin3 tbr rrircr in plrcc, thc cclncnt rr.y Fnctretc
under thc wirer. tt mey bc poscibtc to ettech tbc wlrrr by lurlng tbl
glaoa ridgc beforc tbc jtg ir lcrcrcdi for tbtr PurPo.G e lov trmpcrehrrc
lu". .ooid pcrhapr bc prccortcd rlont tbc top of tbo ridge . Tblr
irrtation mrgbt elimiurtc lhc mrchrnlng oPcrrtloo. lt mey bc dcrirablc
to prcheet th; wircr by perring currtnt tbrougb tblm during tbc fucing
opJration. AIlcr ccmcatin8 or fssing thr wirco tn plecc, thcy rr' cut
.*"y from 3bo jig end tbo Ji3 ir removcd. U tbc wircl wGrG {urcd
tn phcc, I coatiag oI conductivc metcriel mu.t' of courrc' bc eppltod.

A morc r.c.nt propocal of cE ir to Eount tbt wrrcr on r
reperetc framcr which ia tbca rnourrtcd from extrnllonr of tbl rGrliug
flenge. Arruming tbat thc rurlect on wbicb tbc wircr arc sccurad lr
e true cylindcr of tbc corrcct rrdtulr tblr proporel PolGr r problrm in
mountini tho wirc lrrmr accurr!.ly. It ir cuggcrtcd thrt r remikiac-
metrc morurling bc urcd ln rrbich thc rlx dogrccc of frordom lrc ebrorbcd
by six wcldo rccuring tho grrllc tn e menncr to bc dcrcrlbod bclow '
Allcrnatrvclf r tn placc of wrldr, thc wcll-known tcchnlquc of glerr bcedr
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can be used.

In practiclng tbir methodr rir flat rtript or wlrcl proJect from
thc grrlle framc. Thcec are weldcd or glarr-.bcedcd to slx appropriatcly
placcd stripr or wlrcl weldcd to tbo metal rerllng flangc or inrcrtcd
in thc glarr front pencl. Tberc rrc mrny poeaiblc rrrlagemcntr whicb
can bc workcd out, dcpcnding upoD thc cract mcchanicrl cberectcrrtlicr
of tbc front panel. Beforc tbc wcldiag or bcading opcretron ir cerrlcd
out. bmrcvcr, it il nccccarry to porrtion thr 3rttlc rrrombly wlth
rcrpcct to the front prncl. This le donc by mcrar of a jig brving hinc-
mrtic mountc; tbc jrg crruld bc thc sltr!€ unit rr ir utcd i,n tho demoun-
tabtc. An edditionrl unlt cerryin3 r aet of micro.copec ia hincmetrcelly
mountcd from tbc brce of tbc jlg. Thc microrcolrca havc poailioning
and focusing adJuctmcnlr. Inittaliy tbc Jig ir earcmblcd wltb tJre mrrtcr
grrlie end the mlcrolcopc uniL Tbe microrcollct erc {ocurad, rnd
adJuctcd ro thrt thelr croarhairr coincidc rith tolcctcd marglnrl wircr
of tho marte r grille. The meeter grrllc it thcn removed from tbe
jig barc, lnd tbc workin3 3rillc ir rubrlitutcd for it. For tbir purporc
thc uorking grillc ie rccrtrcd b e klncmrtic mouat eractly dupllcrtlaj
tbat providcd on lbe maetcr 3rillc. Jfc worhing grlllc mount her
adjurtmcntr whicb cneble thc arillc to bc porllloned witb rcrpcct to
the microscop.!. By mGlnr of thrsc rdJuatmcntr. tbe worklng gritlc
tr positioncd ro that ib rims arc ln idonticel .prcc locrSloar rith
rerpcct to tbc brrc of tho ji3r rr wGrG corrcrpoadrag wlrcr of tbc mrrtrr
grille. Th. microacop. unit is ramovcd, r front prncl complctc wlth
phosphor linec lr lnrtalled on tbc klnematic Eount. rnd tbc bcedr or
welds arc madr. Th. working grillc ir tbur lrcrmrnGntly errcmblcd
to the front pencl ia cxectly tbc rigbl locetion rcbtiva to tbc pborpbor
lines. Tbc complcted froot ptDGl rrrcmbly ir nor removcd from tbc
Jig. end ic ready fo bc woldcd to thc bulb and ncch of tb flnlehed tubc.
It cbould bc notcd that both thc grillc wlrcr and tbr pborphor linco erc
tn rtandrrd rclrtion to tbc L,lncmrtlc mosnt tbrt re curct tbc front praol
from itr outride eurfrcc. Tb. nrch arrd bulb errcmbly cen thuo bc
acalcd to the front paaol nccuratcly witb rcrpcct to lhc cyirndric rxir
of tbe grillc wiret.

tt ir bclicvcd thrt tbrcc high powe r microrcopco would bc
enough for lbc elignmeat firhrrc. Tso of thcm would bc focurcd on
tbc ccntrel wlrc of tbc srettcr grillc, and would crntcr it upon be
cror! bairr. Thc thlrd microrcopc rould be focurcd oa e wire nclr
tbe edgc of tbc martcr 3rillc. Tb. worklag grille' wbca rubrtltutcd
for tbe mertcr grttlc. would be edjurtcd unttl ita ccntrsl wire war in
focus and ccntcrcd on thc crorr brirr oI tbc firrt two mrcrolcolrcr,
and tbcn thc outcr wirc would be adJualcd until ltwea in focua in tbc
third microecopc. T'he rdjuating mcrnr would prcfcnbly bc oo
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arrrnged thet thc finrt adJualmont rotatcr thc workln3 grlltc rrlembly
ebout tbc central wlrcr to ll not t'o dlrturb tba rdJulhtrcnt prcvlouely
medc on thc cCntrel strr. Thc ftrrt tso microrcoPcl tekc crre ol
lro dcgrcrr of frcrdom crcb (focurlni ud ccnlcrla3 on croa. heirr)
end thc third mlcrotcopc rdJutt. one dogrcl of lroodom (focur).
Thc eixtJr dcarce of frccdoe l. tbrt of mrltion elong tbe dlrcctlon of
tbc wircc; thit docr not nccd to bc cloecly conlrollcd, lo a rlmplc
rlop crn tahc ctrc ol tbir.

An lntcrcrting vrrlrlloa of tbr rbovc mctbod rould bG to rdJurt
tbc grillc by obrcrvtaj thc bcrt prttcra formrd rbtn tbc arllh lr
rhrdowcd onto t$c front 1nnol. Tor thtr purporc r ;rclnt llgbt lourco
tt rrrrngcd to bc rt tbc cffrctivr e hctron ccntct. glncr tbo locetlon
of tbit poiat vtrllt tomrwbrtsttb drfftctloa anglc. t truo lcro
bcet rould not bo obtrlnrd ovct tbr wbolc lctc.ni but by edJurtfng
for lcro bcrt tn tbe crntcr rcctlon, end for rymme try in tbo outrr
rcgione, lt rhould bc porriblc to obtain proPcr pltccwrcnt of tbc Srtllc.
Tbir method cen only bc utcd lf tbo elumlnlstag le romcrrbat tranr-
percnt.

Ingtcad of uttag the tccbntquc of edJusttng tho lorklng grillc
to coincldoncc wlth thc mrrtcr grtllc, ltwould bc poralblc to mahc
ell gritlcr lnterchralGEblc. Tbcy could tFo b" mounted to hlncmetlc
locitorr (for txamplcr thrc. vo. 3roovcr) cert tnto thc lancr lurfrco
of thc front pracl. Thc rnerttr grllh could tben bc onc of tbo workln3
grillea. Bccaur. th. 3rlllc lr locrtcd from thc tntcrml rurfrcc of
tbc pencl, lte locrtloa lt not detrrsrlncd orectly by Orr crtcrnal moqDt
wblch murt bc urcd wbcn rrs.mbllat thG tubr. lf lt tr dorlrcd to
rcgaln tblr locrtlonr tbc front prncl could bc cbuckcd by ltr htlrarl
kiacmttlc mountt, wblle rlr ertcnel rpotr lrt SrouBd ln eccuretr
rcletlon to tba lntcrnel anountr. Thlt opcratloa sould be rcqulrcd on
rlt panclc, but would nol bG difftcult to do.

Ar ln lltnrtretlon of r mcthod ol oounttnj lltrrbhragclblc
grttlcr urlng locrtion Ga$r.ly lrom tbr cxtcrnrl rurlecc of thc lront
pucl, fljlrc 5 ir pre rcnt d. Tblr rborr r Jlg ldrallcel, to thrt de .'
crlbod cerllcr, to rbicb tbl lnlcrcbru3clble grille b morrntld by
klnemrtis fcct cnge3lnS tbe 3roovcl providrd on tbr 3rlllc adrptrr
rcctionr rnd orlglnrl,ly urcd 3o rnoust tbe grltlc Jl3. Thtr uait cra bc
urcd in thc dcmonntrbto ryrlcm to mrhc rubmrstrrcl hevtn3 acrvcd
tbat purposc, it can bc used 3o atrcmblc lntercbrngcablt Srlllcr to
pboepbor-tcrc.ncd panclr. Tbc 3rtllcl arc tccurcd by glarr beedlng,
wclding, or brazlng to cxtcnrlon lugr formlug part of the nctrl tctling
flangc, fUorG ar. thrcc luge rlluatretcd tn Flgurc 53 lt ls lntcaded to

lravc clearancc holco ln thcrc lugr, and etiff roda ettachcd to tbe grllle
freme pacstag througb tbrro bolcr. Thc holcr arc cufflclcntly ovcrrlgo

ITN
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Tha flrrt propoeal clorcly perellctr Appic tccbnlqucl, aBd

thc equipment for ipple prtatlng could bc cleily edlpted for prtnting
p91r tubce. A recond propolel, norr to bo dcacrlbrd, llluetretct tomc
lnte re rting altornatlves .

Tbe berlc ldee of ttre eecond proporel ls tc brvc cyllndrlc or
toric submasters, wblch dupticatc the lnternal surfacc cf thc tubc

fairly closcltr aad in ula alc bold r ernell dlrtanco a\Pay frosr thc ln'
tersel surfacc wbtto exPo3ur. ir mrde opttcally onto tbc ronritlgcd
front pencl. .Exposurc ls m.d. from r polnt ftght tourcc plrced rt
I compromise clectron ccntcr (poretbly colnPcntatcd by a corrccting
lenc ee ueed ln the PA tubc).

The cyltndrte rubmecter lg madc by elcctron GxPoturc. Thrce

cubmestct, "t" rcqulred for rcd, 8rGGA, and bluc phosphors rGsl'€c-

tivcly. After erporstc, tbele plat-r ere devcloped and rcvcrrcd' If e

black llne tube is to bc made, s loqrth eubmaster k mrdc wltlr all thrcr
guns turncd on; thlr crn bC dcvclopcd normallyr not ntsding rovcrrel'
The btrck linc technigue ta lnrtlcularty dealrable wlth cyltndrlc rub'
mssterE, beeauce lt cnhancll the prcclrton by rvoldtng thc vrrletloar
due to tbe ecparate asacmblter tnd evtcuetlonr raqulrcd tn mrkln3
the redr grGGBl lnd bluc aubmrrtcre'

tn onc nrctbod of nrllng cytlndrlc lubmactarr, |.[e grttlc ltruc'
ture la ktnemetlcally mounttd from thc ineide of thc front panel. All
gritlct ar€ lnlorchrngcrblc, bcing menufecturcd by rtrtbodr rug3crtcd
bclow. Ttlo of tbc aiittc frrmer h""" kincmatic mounla for tbc oub-

- mastcrt one of thece, GquiPPed sttb Sritlc rrires, il uscd as a magtcr
,/ frrit"t the sccond. wltb Itiir" rlrrr omlttcd, is urcd to monnt t'hr

submastcr pletco during thctr uae for prlnting thc prnol' Tho mtrtcr
grille, with an uncxPosed submaster pletc mountcd to'!t, is placad

in a front panel wuiih then becomes pert of a demountable eyrtem wlth

mr:unting facilities exactly ag delcrtbed ln connectlon wlth the flrlt
propoatl. Elcctron exposure ir then made, urtng red, grecn, blue,

or ell trhrce gunef ao rcqulred. fro cxposed submlster is thcn devel'

for the rods to permtt tbc location of thc grillc to bc dctermlncd by lta
ktnemattc mounts. Th. locatlon co dctcrsrlncd lr made Pcrnranent by

beadlng, weldlngr or brealng. To rcndcr tblr practlcal, rhllc rttll 1rr-
mtt31nf adequetc bolc cl6rrncc tor thc rodl, waehcr6 cln bc urcd;
these ft, the rods wilh small clearancc, but are largor thln tbe holcs
i;-h. rugr. Tbtr will hecp the clcaraacc lon, ao that capillary forccr
wlu be slrfflclent to retain tbe glrsr bcad, or braziag mctll.

I (B) PRINTING Of PHOSI'IIAn t D{gS - Attcrorqv'

\
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opcd tnd tcvcrrcd at raquircd'

Ia ura, thc propcr rubcrartcr lr anoantrd on tho lccond rpoctrl

3rtllc frame, tnltellcd tn thc prcvloully rcnrltlzcd tront pracl' and

Jxpoaca tn r ttjhthootG unlt from a potat llght-sourcc. Whctlor a

correetlng trnr le rcgulred dcpcndr upon rhctber t comPromtlc ltgbt

.ourcc locrtlon crn bc choccn. lnevttebly tbc tfgbt rryt eUlftr tomc

rcfrrctton tn prrtng tbrougb tbr lsbEr.t r ptrtc. Tbtr Ery caull tbr

prlntrd ltac to acplit .o-"lb.t lrom tbc locatlon lt rould brvl brd U

ttr c6ctron bera; hrd mede tbr rrporurc dlrectly on tbe tnltd' of thc

fioat prnrl, Dceaur. of j;c glrrt iefrrc6on, tha corrlctlon mey bc

tnorc ol lcea than thrt rcquticd lor complctr optlcll alrnutetlon from

r grtllc locltcd ln thc lorklag polltlon '

A dcmountebh ty.taE lor rnrklBt .ubmrrtorr by thtr tcchnlquc

lr tllurtratcd ln iigot" 6i whfle tbc rctupfor gborphor prtntbg lr rhown

tn Ftgurc ?. It caibc cccn thet thc vicuuln ryrtcm eln ulc prrtl ot

the etutprncnt urcd in cerryln3 out tbe ltrrt propolll'

z (D)}Lls$uEFr pr.-g-Ell,LE srLucruRE wlrH rHE PllgsPHgB
I,[TP gTRUCTUR'E

Slncr 3hc rttrrnrttvc arettodr ll dclcrlbed' rrlcf iatcrcbrngt'
rblc grtllcr klacarltlcllty locrtcd ItoT tbc lartdc of ttc pencl' Srlllc
tltgnient lr rutornrttceliy obtrtnrd. tt lr. of courrc' porrtblc to hrvc

vrrlatloar frour thc mctlrod ln t[e forna de rcrtbcd abovc' Fof cxrmple'

the ktncmrtlc locltorr ln tbc lalldc of tbc panrl coutd bc otrrtttcd' end

both tbe eyltnddc ruborertcr rnd tb| 5rtllc could bc Jlg3rd from tbo

oxtornrl lurfrcG ol tbc tubc b7 n.1.ot1f thc remc flrturc used rt0r the

Itrrt proporel. Hcthodr of girtlc rltSl6rnt routd thra bc tbc rrmc tr
tlorc dcrcrlbeA uO.r 2 (r) Ibo"., rd roqtd tacludc (l) Jlglfng tbc

e"*f ftoln tbc crtrrnrl rurfrcl (f) Jt|ghg tbr -slr|trr jrtlb lroar rn
crtrnrrl 1larruetlc nount (!) rdJurllq tb. rorhlng Srtlle by nlcro'
.copG. or bcat pettarn tecinf$rt ({) provldlng accuratoly mecbincd

cyllndrlc glarr'*4g"" lnrldc ibc t115c 1o cnable ccmcntlng thc grtlp
rlrrr to thl Pcncl.

!.AI,IGNMENTOTTUBENECKWITHSRILLESTRqCTURE

Tlc mctlod to bc :rnploycd hrrc degcnde uPoa thc rccuracy

deslred, ghlch [n turn 6 controlicd by thc degrcc to lhlcb c:tcrnll
comlrcnrrtlonl cen bc rppltcd to tht bclmr 3o concct for lnrcCuracy of

neck rnd gun locrtlol.

tt rhould bo rernembcrcd tbrt tbc arlllc trt' lr lecuratcly ftxed

wttlr rcepcct to thr outrl contlsUrrtloa ol 3bc front;nneli ln tiholc mctbodr

1l
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wbcrc cxtcrarl moun3. erG urad, or wbcrc oxlornrl ground lolcrlrng

lrcts lrc providcd in trrr rclrtion to intrrnrl locatrrrr, it 1r dclcrmincd
by thc rteodrrd kinomrtic noo6lr tlrt brvc bccn urcd to tbc varloul
pto"..r... I{ a rinller mounS rr ulrd duriag tbt rcrlin! procctlr
iogctbcr wilh eu lntrgrel Jig uait for the ncck, it lhould be porriblc
to obtain good.""orJ"y. fU. bcrt gredc of rccurecy souid.undoubtcdly
be obtaiacd if tbe rtll ir madc in FL oltGntlonl. saErely (t) rlat
tbc bglb to tbr front prn.l and (2) l.rl thc lich to the butb-prncl
a.tcmbly on a Chincie hat tcallng rnachtnc al urcd tor Applo ' 'lVbcre

lntcrttl locrtorr rn uerd, end rxtrrnrl ground tocetlng rr'lt lrc
nol providrdr rome lorr of lccure€y En'3 relult'

{. MANUFACTUR.E OE GRILLES

wbcn ttt Srttlc. Eu.t be iatrrcbengerble I lottlG or all of tho

folloving mcthodr must bc uacd ln lbrir rnannf,rctsrc:

l. Atl grile fnmra murt bc providrd with idcnticel kinerortlc

-o,-tt. T'h.lG could be thrcc brlt cud rtudr accurrttly
inrcrtcd lnto lhc framc. Thoac rtudr would cnSage tbc

klnemrtlc groovG. Providcd on tbc inridc of tbc 1nncl,
or on tihc arlemblY jig'

2, Tbe mountiag curtecc for lbc jrlllr wircl rbould bc

macbtncd to rn eccurtt€ cTtindcr' Prcclscly tocrtcd
wrth rorpcct to tbc ball rtudr. If urc mouatlug is tcr

bc fron tbr inridc of tbe pencl; it would appbar to bc

prrforeblc 3o urc tbc coaclvc rrdc of tbc frrmc for vlrc
mounSing loeving tbc coavcr ridc lvlilrblc for tbc
roonnttnl rtudo. Otborviec, tbc co[vGx eldc rhould:
bo machinedr end 3br rtudr plrcod on 15c concavc ridc.

3. Fino groovG. tor llcrttng tbc wlrcr could bc photo-etchcd
into tbi cyltadrtc rurfacc. Erporurc for tht pboto-ctchlng
would bo medc rith thc freme localcd by i0r mor,rntlng rtudr.

1. Attachmcnt of thc wircs utould bc made rn Gract rclation
to tht morrnliag ctudrr ritbcr by mcanr of mctbod 3 rbovc,
orbyerin3..inatngmechincwitbacbuchwbichlocltla
bY tbc mountln3 rtudg, or both'

Itwould bc dccireblc, in any form of gritlc ltructurc' tc ugc

aofi tempcr wirc and rubJcct it to slrctcbrng bcyond ltg eleatlc timit
gufficicntly to provide a dafinttc elongetion. Tbtr would tGrvc botb to

rtraighten rnd work-herdea tbo wire. Probrbly lcrs lcnsion would bc

t
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nccded to make a satlrfactorT grtllc.

Methode sf loedtnS tbe grillc wlrcs oulo a griite jig arc worth
ehrdy. It ehould be posaible to wcld tbc wirer to a ctainlcgi stccl
wire of about .040 lncher diamatcr clarnpcd io a groovc iu thc framc.
The woldtng would bc doac by a epot rcldrr indcird rrom slrc to
wlre whllc they are bcld trnder tcneion ln a loom cuch ec ir rlrcady
ln usc et Gli. Thc wclder would bc rimilar to orc typc urorl for
welding grid wirce to grld oupport rods. Tlrc {0 mll wlrc la dilcardcd
after it brr aerved itc purporc and tbc wtrcr lrc c.mcntcd to tbc
paoel and cut away fronr thc Jig,

Thc rncthod of wcldtn3 could probabiy arro bc applicd to con-
structlcn of interchengerble markg on framco. By formtag thc (rr,mo
ol rteintcrs ctcclr e v.ry ltgbt coartruction could ba eeblcvrd. tt lt
€ven porerble thet tbe gritlc frame might be prergcd intcgral wi3h
ibe tube seellrng flange, and mechincd aftcr lbe fl,an3a lr cealcd to thc
front pancl; thc macbiniag opcratlon bctng arrenged to cut tho cyltadric
aurfrce in proptr rclation to tba klnematlc pBn€l mount. The weldtng
operation would be done whlle tbo wires orc hcl.d ln e grille Jig uccd
ar previously dcscrrbcd. Thlc cbould make a vcry ligbt but rtrong
cosstructioa, though it wouid requlre comewhat morc tooling lban
othcr methodr.

Pruper tcnsionlng of the grille wirer ls importrnt. lVbcn tbc
grille frams is rcleased frorn the grille Jtg aupporting tbe wires, thelr
tenaion io appiied to the grilie frame. It may bc desirabic to attacb
and cut tbe grtlle wlrcr onc rt r timc (or e small group rt r tlnc] ro
rr to pcrmit tlrclr load to bc rpplicd gredualiy to tbe fremc. Tbc rc-
.rulting straln or dietortion of tho fremc will lhcn not loorcn prcviourly
attached wircl. By cbooring a propar order o( tttach^rncnt of thc wirca,
together witb preaelccted end dttforcnt inltiat teaslonr on the rrlrca ln
fhe Jig, it cbould bc poerlblc !o obtain e lrrme tn rhicb tbc wircc brve
csgcntlelly cqurl lcncic,n.

t. J. Blngiey
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GRILLE JIG

FOR CrrUrrurrno wtRES

JIG FOR INSTALLING GRILLE
WIRES CEMENTED TO RIDGE INSIDE FRONT PANEL

(ALSO USED IN DEMOUNTABLE SYSTEM
FOR MAKTNG SUBMASTERS) ,,0 ,
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FLAT SUBMASTER PLATE
IN KINEMATIC HOLDER

LENS

NODAL POINTS

DIFFUSING
GLASS

FLUORESCENT
LIGHTS

t

KINEMATIC
MOUNT

ooo oo

PRECISION CAMERA

Fig.3



\ I

.LIGHT SOTJRCE

FLAT SUBMASTER PLATE
IN KINEMATIC HOLDER

LENS

,E / _--COMPROMISE ELECTRON
):< CENTER AT FRONT NODALr-tr->Jt POINT OF LENS

KINEMATIC
MOUNT

PHOSPHOR PRINTING USING FLAT SUBMASTERS



JIG FOR
(ALSO

INTERCHANGEABLE GRILLE

INSTALLING INTERCHANGEABLE GRILLE
USED IN DEI\4OUNTABLE SYSTEM
FOR MAKING SUBMASTERS)

Fig' s
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I LIGHT SOURCE
-X (ar coMPRoMlsE ELECTRON

I cENTER uNLEss coRREcrNG
I uErus ts usED)
I

l

\-- _7----.....--_l_ ----<"1 \- coRREcnNG LENS To
STABILIZE LIGHT SOURCE
POSITION MAY BE REQUIRED

SUBMASTER FRAME
GRILLE KINEMATICALLY
MOUNTED TO PANEL

KINEMATICALLY MOUNTED
GRILLE (NO WIRES)

PHOSPHOR PRINTING USING CYLINDRIC SUBMASTERS
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