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4 conference was held at the Redistion Laboratory on

April Eth and 6th 1943 to discuss prob’ems secociscad with the
production and operstion of tubes useing the long persistent coscads
screen designsted by the letterg"S7". The main subjectsof
liecussion &amp;nd the conclusions arrived st ere pres2nted in two

sections with headings "Reports end Flspussion® ~nd "Decisions.
Two Appendices sre included the first of which presents groshleal
and tabulesy informsticn coucs=rning the performance characteristic
from the stendpoint of screen procerties of hundreds of ube
Jhich have bean exsuined in the pect few woaths. The second
Appendix presents coriain experiments) informction concorning tne
yperation of thie eleatron gun used in the wrgnstically focusssd
and meesneticenity dediectad esthodsr rev tubes empla~tre PY? screen”
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RADIAT[ONLABORATCEY,MiT.

[WTRODUCTICN
The specifications fur F7 screens were first formaia¥ed in

Augug’. 1942, Since thet time. hundred of reprecentaii~&gt;sample

sf twubrn manufactured bt the Generel Electric Company, the RCA

Manufacturing Company, aod others hive been examined to detormine

whether or nut the production as represented by there to ail" was

meeting the requirements put fcrih in the August ep-elil. SE 4

¢iuse check was maintaisedontheproduction from the Cans:

Eleeatric Compeny, end as ihe nenufaciuring procesge~ | tot Ler

sontrolled, a distinet trand was observed in the proyperts” CJ the

acresns produced. in partigular, there was a very n tabig increase

in the "buildup" -° ~ serail sacrifice in tube brightne~ © howe

asst of the measurewents un (uve? were made with the M.[ T.-I'7 screen

reassuring equipment, cccasional tubes wave sxamined ip aciual operaling

radar systems. Genarally spraking, the higher vulldup tub- + found

to be slightly superior to the lowsr buildup tubes in terms Sf the

micioun detectable signal. The Ceperal Blasctrie Company reproesntatives:

Jere encouraged to continue his trend towards higher bul hy ub

and mudtfisetions wave made in ibe August epecificativos su that these

tubes would pos be ciassifiszd as being vutgide of the spac ications

timita, Ip view ¢f these e¢h-m~ ~. i. kecame z.,c to 18m

she specifications and stiempt “wrrulate some pn... limi The

reformulation was acrompiighed e tin eonferencs and will ba &lt;.a-

cussed in dedeot.

Other problras leportant to the Mepufacturers and alas to ihe

oervicee pe

yo A.

\

Ci Urea

 oan om ara rl avi fi antineg Soma ~f fheae

Jereen Llieoi ale.
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Lo toate and thelr relstionsg ta tha F?7 gargen
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vtgonference, conducted under nen=servics

use

put

~ and discussions on tube characteristics

1 panufacturinge methods A brief resume of theoe
-

LP
ol

MeagurpmentsonLicht(otrut of 77 Seresne,by 7. B Hottingras

{fadlati.n Laborato’ P-+*pn are from Radistion leboratsry and

Janp Evane Sirpal Leroy oor perguremsnT

»proni cei and zabular presentaticn of the reaults of cers

sain - “a. cor prepared for use in thin punfirenze

Phi © rndntion is incorporated withix thie zapar’ =

Aopandir © fr the present discussion of these results therefore,

~efererc bo msde to the figures of Appendix1attached hereto

Tr ews phown ia Figores 1 end 2 show very distinetly the

srend in the G,.E. tubes toward lower values oF eb This quanti

ig a measure of tha light ocviput 1 second after a sins} rr

rxcitationofatutaliy de~exeived cathode vey tur» sco r Maures

5 and 6 ales show a trend tuward lower values of iight cuinuh oo

.ndicated by Ch However, the dacersose in eb, ie not "7

than thet in ch. and therafors the osulldup Gays which =

lirectly by the Log (cu cb, )[10018 increased. This increase shows
:learly on Figures 2 and 0. in pertiealar, the S-inch tub~ pro=-

luced late in 317942 have a must prolbadle buildup value, HA yo Oa
a.1

7.5, ‘while those produced sivos Jemuery 1943 have a most prebable

puildun ratio, Gg. yo cf 11 3. with the loweot vr tue ovserved being

righer than the most procable voiwe of ear?’ pr duction, Tiours

iQ ghows thet similar regaltls were ohtglasd cn the ¥=_pe

TN atensivy ooo Lion nt omc ound 0 “ditions

wave eal 0 thet in wor loops {L the baz ruund

«hich repregsnia rondor Lombordmes. of the screen. exalt

sera to BO LeOUSL comnaraole with op oc 2% and in nome Sees

Yh VN o 11! &gt; IN ly A
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high as cb, and ("1 -~ignal intensities are often much higher (hao

coe 6 Therefore higher light outpuis such 28 thuag gerrespondliug to

By are of interest. For this reason edditional figures have Leen

prepared and haves been inserted along with the cihers ia Avpendix i

as figures No, 17-24 inclusive. Figures 17 and 18 should be com-

pared with Figures 1 and 2 and Figures 5 and 6, It ia ¢~" ° 2af

thet the changes which have been brought about in ths GF. © 8

have reduced aby notably less than they have reducsd eng and co,

We note alse that the halidup factor Gio. es indicatnrd on Figures

21 and 22 has increased for its most probable velue from 14 io 24.

11 is interesting to compare this number with the resulis recordad

in Radiation Laboratory Regsrt 62-2 of Cotober 7 1942. in Table

II of that report it was pointed cut thal a representative value

For “ici of tubes made ia Lhe U.S A. wes 10 wnile the extreme
7eiue et that dat! was 22.4 We now note that ihe moat probable

ralue for our lete G.B. production ie even in sxcess of 22.4

The resulta presestsl in Figures 3, 4, 7. 8, end others

applying tc the RCA 3ubes were cbimiusd very largely from measuy2-

ments made by the Camp Bvacse Sigoai Leberastcwy, A very large nunbe

sf tubes has been msasarad both in the Radiation Leboreiorv and at

Samp Bvarz. 1% bas, thevefore, Besn poteible to msintain - colcas

zhack on the atsclute volues shtained in both Leboratories for the

quantities of interest. so that vesulls cbbeined at the two latire

tories ars accurstely asoaparsble. Jt is obvious upon inspe on

sf thees curves thet the ATA produstien as represen ad ©

pemsling shown hes not undergone the sams sy temat® »arcdiJienticar

as were so eiegariy demonvtrated in gonnestion with the Gon...

Electric tutes. This doss not indieate that the RCA tubes cannot

be mado to confor: moo Coaely with the reeant produgiion on the

Jenn: . Blectris ti ab oimply indicates that under the in

fiucnee of the Augu speed ficatore hare was no Lmulue

ie ensuing.ge chongi.|WL oul of the PP? screens ~~ Th

are belo: manuiou ula.

Since cheoges can i

cvalematde ward abd wna in the manufecinring orocedury
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important, in making any comparisons tetween the data presented

this report on RCA versus G.E. tubes, that the r~~"=~7 r~zoganl’

that these curves represent the facta as regerds past measurements

and that they should not be used as a basis for compariaons which

might be made in the fuiure. Although there will always be a oun-

giderabie range in the prsperiies of tubes sll classified as "P7%,

it will not he possible ty predict on the hestie of these data alone

what properties are likely to be found associated wilh tudes pro-

juced Ly a given manufacturT
1% bas been exivemsly difficult to determine, by Mi2ctlus

nesns, a suliabie limiting value on the flash which is not oljeet

fongblis in the operation sf P? goreen tubes. [1 is, however, The

geueral QURCENEuS of opinion that extremely high fiagh is undeziecall
and iherafore flash should not go entirely unenecified as reuscrds

tts maximum permissible velur

The results of cbeervations o "intrear-iof fleck? -=&gt; ahiwo

vn Figures 13-16 and also in Figures 05 and 26. the last oo of

whieh have beec added to ithe original sed.

It is shown in Figures 13 and 4 that the - 7 77 flash as

indicated by ch; = chy hoe increesed as a result of tho systematic

modi fications which have been wade in the G.E. tubes of typsa EFP7

pnd “FE? This increase iu thé vsiue cf cb, - «by mas © aociptes

with the fact that ely hes Den decreasing more rapidiy tho ny

as the buildup in these tubes hag been increased Ly Very no ;

50%. 1t is quite clear {rom an inspsotion sf Pilgures 13-7

the reyrirerent that why :- aby should not exceed 235 would rejec

nalie -- appreciable pmceentage of tubes.

Since, 28 previously men. L.ned. bacezreund intep~* “er

gyuivaleni 3c chy AT grepltr of ali aya pressnt in ectual cpsrsiion

there + strong current oF Gpinion at the counfereacs that 17

gould be better to feraate a speci fication for ob, = ¢be inatend

af 2b = eb [i is 45 ha expscied that higher duilinp tubes will

be mada in the fotara apd thet this will be dou ty decreasing cb,

mire than by incrsaeing She. Sines such a change will reduces cog

Lteaa than eh, tubes wii. ab oles sagem ho have nieher flash unde

“3
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the clder definition of flech ratic, It eo, ls reiatcd = chy in

stead of cb, th- 7777 mance Lob, = Chg! rT pene pres423%

giant or else decreaen ns higher buildap tubeg are producn? it

srder ts present informsition on this quantity, Figures 2b cond 25

have bean prepared showing tne psicentage of tubes which would have

been rejected from the ¢. FE. and RCA production since tne beginning

&gt;f 1942 if the limite were set at any of the varicus values indi-

cated on the abscissae of these curves

Report hv R, EB,Johnson(SCA.
Mr. Johnacn showed the results of comparative measurement:

on a small group of tubes at Camp Evans, at the RCA's Lancasti-r

plant and st the RCA's Herriscn piant. The results indicated the

gl though there was &amp; good ceorrelsilon between msasuremsnis on a

relative basis, ihe absolute scales at the three location=~ are

quite different

ReportbyLivutensnt....Andevcon(CramProo

Lieut. Andesvezon displayed briofly charts givinz

&gt;f all measurements on £7 screens made at Camp Evan-

whigh give sum. izing totslo for all Yypee of fulr

that the cerengharacievristiees of 9-inch and l2-1iraa tubes are not

agit=+ ~~ * ~- “homo oC fhe Boipneh and 7-ineh ful

ary
gsumm ». © resul

3 - a

[ Operation ' MepguremeniaonP7TubesbyL.J.Haworth(Redlstion
Labor

On numersus cccasions ince the errly ¢ 0 ‘Toprment of the

P7 screen, operational teats have been carricd out in oodov to

investigate the reistive merits of tubee having differer’ nroperties

sa regerds gun charceoiosiatic end Jono I cluding

buildup, flesh, and brightaers}) 0 hou

of the Camp Lvans Siznel Leborate py, &amp; section

Laboratory indicator Growp wad. ooh “ho

»f an operativnal parure Lo Go © aquensuvitatin

“he valve of having high beildnp Lu.

«ff heving totes of increased brightnes

SONIETDE NT A97
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Blectyic~l ~ireuit~ were arragged eo thet two cathode ray

subee could be spera*~d cimultanscusly from the sams power Bupply

and the gride driven from the same vegeiver., Toe recelwer gyalem

nad all of the components of an actual rader geystem except ihe

sptenne, Artificial signals wore introduced in the "RFY part ou

the syetem. An atisnvator whieh formed the coupling from Lhe signa

zenerator to the receiving system was calivrated in 4b units. The

presentation used wag of the type Xovswn as FFI, and irvclved the

ise of a high speed sweep appliad to a pair of deflecticg colle in

such a wey thai the alechron beam awept out from the center of ihe

tuba 500 times per secend. The time required for the beam to aww

from the center of the tubs Lo the periphery was approximately 230

By suitable adjustment, the sweep could be caused to rotate arcand

the tube wiih snguisr velocity between 4 r.o.m. and 20 r.p.m, Mos?

of the measuremests were made with a rotational apeed of approxi-

mately 8 r.m. m.

Under sormal cpearation, the cathode ray tri» “- hie~~d to

sut=cff wlth the recsivr» Cote Tr eee ; Toyeraivor

zain is increased, the cutinul noiee from the receiver dr’v-s th»

grid positive with respech to "°c t=xff, The encores 00 0 Tee

pees a bright line traced ont in thy form of © rediue Tor

center of the tube to its periphery, This line has been popularly

called the "epuke" of the P¥r. By 2uitably adjusting th» apparilus

t{ was possible to superimpose. on this noise the avitficial sigue.

Tris signal could be loceted at any point cn the face of the tubo

and generally gave tha eppsaranc~ °F a short clrouwdsr sre

radius equal to about twi=third- of the radiuve of the tube and an

are length of spproximately 8°. Measurements were meds by having

an sbsarver look for the signs? ~= i" freer of the tube when tha

yperator wre Free to mom Sv of oT Cogn mire? to place wlthoud

the sbeerver knowlag vv 7° ECR s Ii vas decidid

arbitrary’ that if °° TT Co tre Cegptiop of

the ~ ign*unon tho C0 7 cent 0 Teo Lots ofven emat on ths

Fube no wee satd so reve follod to make iho Chere or

4

CONIETDENTIAIL



GUNIEI.E. J] LILAIL

3ignal strength was increased in a new (ucation and a new “rial

negun. This was repeated until en observabie intengiuy was &gt;t

talned

Ine of the firai problems was to find the bias woitnge

neasurci with respect tc the tube's cut-off bias for which signals

vere moet easily detected. In order to give a specific sxample of

the results ubtalned heve, Figure 1 is shown

fungtion ¢f GRIDBIAS

wy ii Ta AN CAE aa 1

ALT R

 ria oi

“Y - " .

PLeur.

A,

CRD8 1%

The tube uscl » 7  cul-

first anode voltegze of 208 volta. The results shown in the

Figure indicate that if the operating bias voltare I set exaltly

squeal to the cut-off “-z. the tube ©: ibita it: mv ous eengi-

tivity . whon chgervasioas arc wade in totel darko. Deviations

From the cut-off volinge either &gt; higher or lower u.

result in a measurn.’  ..srease in the input signal nel

detect the presence o. Lune elgnel on the tube. Note that deviatlons

From the eut-off Blas of approrimeiely © volis frem either side

35 ~¢clt with
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cf eut-off necessitaie &amp; one db increase in the sigral sirerpgst©

srder to be detected cn the tube 1llustrat-i.

After having determined the mest favorsble method of blessing

the cathode ray tube, compariscny were made betwesn tule

srder to equalize the electriecsl charccteristice, tubes to be con-

pared were adjusted to the same grid bias, and the cul-cff point

stiained by varying the first anude notential Under these zondi-

tiuna (ree eection ou electrical charecterietica) the zersen curren:

veraus grid swing choaracterletics are identical %0 a high degree

»f approximation.

A number of tubes were ssiected covering a renge fF ob,

From 270 to 360, end of obg from 360 to 450, The rars” "1 build:

ap factor Ge, q0 extended from 3 to 12.
Gver this wide rangs in brighiness ead bulldup there was

no epprecisble difference in the minimum detectable signal when

rhe sbeervationas ware nade in total deriuees snd on the perticular

system described, in whleh the only dletraziing influence wer the

receiver noise, Zxperiments were alse made in the presence ul

ambient light with intensities al the tube face up tv as blghaes 12

fust-candles. Under practically all conditions of emcient light,

tubes wiih a given buildup, but withvarying degrees ¢f brightness

were slways betier the brighter the tubes. Osvicugly, the Wigher

the ambient light, the more clearly tne advantage of bright tubss

was apperent. Tubes with a given vaiue of eb but with increared

buildup, and therefcre highew cb values, showed nn diglipet ine

provement when the brighter tubes were compared with irr Cont

suns in the presence of ambient light. A comparieon between tubes

having the game veiuss of SUP ut having different vaiues of by

and therefors different buildup velues,showed slight 41:7" “a
gollrr of the higher buildup tubes. Thus one may conciud

sacrifice of chy to gain bulldup is never a dissdvantese

28 cb, remsing prestically unoltered

Many of the tests were carried oat by allowing the olserver

:0 make hiz obeervation by walching the tube continuously. Other

sxpariments wers made in which the time of observation was delaysd

CONIETIDIENTAT
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»ither Lwo or foor proofs a7 tha ammltention 7 he wieapl to

the tube. Th vonvt i ’ “ome

+ith those taken previously and again iadlo-" 7 07

buiidun the brighter the tubs th» Lo.7° ’

+f eb. or ch. the higher the totAar tha T

= ard a accord

“won brivhtneap

LY

x be

BERV.
&gt;

i

 + my

52

TE

3.

LC
1

TE
Fest “uli ge

281;

man eee nea wapen enmmperlc tion of these re-

cfentnaeeceby is ple’ 6 pa thr

Cet Tha 459 lines ar. SE

Tw have lines with arrow” sndic~* ‘Me direc

© coproved operation and the approximate erin in terms

eetamtdon in signal input for the mianlewn dotestebl~ signel

or
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Related experiment are belnge continued sand a rnure comple

eHEPOTE TT ~r@gent Cf tha ner 7 tyipe

Tube and _“cresn Blemisher (General Discussion)

Th lima hwpes © T= blemishes must likely to be

encornt Co oeathode rev tubes having P7 screens were discuseod

 KE

{3; TIF Amorg

be. FT

{3) Bleck epec’-
(4) Serco

(5) Shel

(6) lette.

(7) Weic

(8) Sinhc.
(9) Buib ©

10) Sper

LD

Liad areag and gooRn Tg

Each of the items thus summarized in thie table will be dig-

cusaad individually telow in the ganz order in which 1¢ is resordec

in the table. The fave manufacturers beve experienzed considerable

difficulty on account of the nor-uniformity of the etandords of

quality requirad for cathods ray tubsa with F7 screens, Tha re

quirements as covered by the minutes of the "Sub-Committee on

Cathodes Ray Tube Blemighes of BMAM coveriag thelr meeting held at

carning, New Yuik, on Seutesber 10D, 1942, sre nok entirely ~ultable

for use in connection with P7 scresnu. On this eccount. r-m-

facturers have teen passing tubes which are definitsly acceptable

under the reguirewente leld down by the BMA Sub-committos, and

vet, when tneze tubes ars inspscted by the casiomer producipe com-

pleted Radar systema, they ars too frecusntly rej cted and re-

turned te the tute menufectorrv Quit nunkor of th

tubes weve sxamloed duripg the costarenca, and it was 4.

agresd that a large frgotion + the rejected tubes soculu re-

coasidared for sceeptoucs prince experiments ah the Hadietion Labore

bary showed that in mpoat osceas the tube blemlshee forming Lhe hasir

CTONIETIDENTIATD
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7 - ~ Fa a “ %for v0 ~ rot Towers Co ITE edend

age

cigagpomO md 3 : a1 omeeingeliy yith Lhe

awe oy tor walemns  ny ~ocer  mins

the confusiun now erxintiug, 10 will te pecessary to forme ~~ tomas

method of inzpecticn end standardis~iion as son =8 Lo

(1) Bright Spats. Expsriamnge with the inepsoiion of cathode

ray ub-- hawips P7ogoreesps C00 *t-n there are zoush'-epeakins

rwo forme of bright-spst biemisghe~. The First fourm shows up "Rr 8

brilliant polnt-1ike source of lieht whiazh bas en intensity far ip

excegs of the average inoeapity ~~ “ho surrcunding area when bota

are belns bombarded by e.ostrons. These extremely bright epochs

are very oktjectionable and if thsve sre wore then two or thres oi

them 5 * the entire Tace +f the tube. ita mzefulnea=s ts serious;

moe

When the iube ie cp rated with s&amp; uniform bombardment of

eleatron~ over Lhe - ~o=erenr. it de often possible to noke

relatively Lerge numbers of bright apote of the zecond fourm, having

spparently only two or three times the brigbtuess of their sur-

rounding areso If the mot» are smell and not tuo clssely located

with respect to each other, then a rslatlively lerge rumber of

them may he vieidle over the sereen without in eiy wey impalring

the umefulneag of the tube. Theve is a very serious difficulyy

in connsction with these twe classes of brighi spota, owing .. Llu
great difficulty of distinguishing ous class from the othe: The

fact thet the very brighi spoils are so cbjectionable mekesit im-

perative that some methud be worked cul sc that tutes wivh Corn

than two or threes of these iu the face may be refactor Ths gy 0

maximum number ¢° © © right spots to he allowsble nrohs iy de-

pends on tre tuh~ +o

In ih.

certain cos holes the ay. oudaestive. Sua

ra the bright esputs discussed in the section aboyv

asin reapsn for thla ie tral noles usually eppesr win noint

WEMTe ST

*anabloe

A
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renters of darkneas surrounded by a ring of very intense illumi-

nation, Lt is the inteneca *1luminaticun surrounding the nol~ thal

causes it to be 80 seriously objecticnable. Therefore, ths total

nunber of extremely bright areas including the Tright spote and

the rings should remaiv equal Ye or less then, say, thre~ ~ rT

acceptable tubes. Hoelses wateh may exist, but which ere not sur-

rcunded by bright ringe, are nol nearly so sbjectionatle, enn

therefore, a relatively large numuer of these nsy ne permitt~d on

aceeptable tubes if they are small in diameter. Obvicusly, the

larger the diameter of ihe hole, the smaller the number which shouid

he permitted un the tube which is classified as mcoen®MY)

(%) Blpek specks, Black specks ars somedtimes due to im-

purities within the screen and scmetlmes due to imbedd-4 impurities

in the glass, Ae lung as the number of th~-~ recaing within the

limit as set drwn in the HUA specifications, the existence (.

black spots mad specks should not be ~uf™ el 7 reogon To T0000

tubes whizh are otherwise satisfactory. Such black rp-

Joviocusly sbjeclionable aud every preceution chould Un to

aliminate tham, snd yet, in compry?or ~F oth Io )

mguged oy the bright spots. thew ~7v 0 tfé-dly lege

{4) Seoreen Grazniness, With the rerrona®tlv fine-grained
phospher~ vhich ere now teing used in cenneetion with the 4 -uid

settling" end "peste" methods of applicaticn, the screenc are

generally sufficiently free from greiniress to be entir? catis-

factory. in contraet, sxuerisnce shows that the averrze 37 7s

produced in the U.5.A. uslng the method of eir getii’y

legrea of graininess which ir often sbjectlonable. LT opera-

tion of aay tube as it i: osunecied to a radsr rseel the gle:

spon team bombardes the face of the tube in the cour.

an intermittent random bowhardmens which exci!sthe oor

leavas tha impreagisn .. 4 Tay structure. When a elgoal oppears

sn the tube, the tombardasnt le no longer random and, thaw. 0

she excilstion $8 emociher and can ba distluguisbed frem "noias”

sveitation oravided the ohosphor sraeiftefree from inherent

TYOMNITE TIEINTE AT
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graininess. I~ i- therefore. important thet manufacturing methods

should be adonted - *° * produe~ cathode ray tubes with ~7 screens

which are as free from graininess as possible when being bombarded

or excited by a uniform distribution of electron density over the

area of the acre-—

(5) Shaded snd mottled aress and green spots... Some P7 screens

show areas of non-uniform emiesion of light due to some non-uniformity

in the application or the drying of the screen when it was being manu-

Factured. Variations in the light intensities over separate square-

inch areas are not permitted to exceed a factor of two according to

the RMA standards. Although such variations are objectionzble for

neny epplicetions of P7 tubes, it seems as though the RMA upp

limit could reasonably be applied to this tube type. In some screens

vhere ie a form of "mottling" due to a non-uniformity in the appar-

ant color of the screen without much change in the absolute bright-

ness, This may be objectionsble in a limited number of applicaticns

&gt;f these tubes, and should be avoided as much as poenlill- Mottling,

nowever, is not likely to interfere with the detectior 7 wrek signal-

and as long as the visual evaluation does not exceed the impression

of a two to one non-uniformity, such mottling should ne’ T made

the basis for tube rejection.

The “green spot! blemish ia very commonly found in cathode

rey tubes in general and often makes it~ eppearanct TT sereens,

Some inspectors do not seem to distinegnirh between the "orean spot’

blemish and the “bright spot” blemish, There 1s er blg difference

setween these spots as far ar nctrel operating systems are con-

cerned, and the "green spat” * ¢ =~!dedly lees objectionedbl The

RMA specifications on "C-rk spr.’ are written in such a way as

to apply also to "bright on’7 7. -a were re-worded sc a= *

apply to the "green st- ~~ *mzo-y the limit

sosed by RMA standardc woul

(8) Gett-r rhodews. Shado- some“ lime~ created by the

improper mounting of th~ “ lter" This shadow ’ «i Torentiated

from the areas discussed in paragresph (%) ip that 15 is due to the

CONIRTDIENTIAL
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actual interception of the electrons by the improperly placed getter
clip. As long as this shedow does noi extend more than a few mi11i-

meters inside of the minimum useful ecreen diameter, then it should

not be made ground for rejectior

(7) Water marks. Disturbances in the uniformity of the FP?

screen are often noted arcund the outside edge of the screen, Such

blemishes which lie outside of nine~tenths of the radius of the tube

cen be permitted tc be very noticeable without seriously impairing

the usefulness of the tube.

(8) Siphon marks, At the noint of siphoning on 2 liquid-

settled screen, this blemish is often observalle., It is felt,

however, that in case this blemish does not extend appreclably in-

side of the quality circle that it should not be taken as reason

for rejecting the tube. Again, it is obviously desirable to try

to eliminate such blemishes in the manufecturing procer-

{9) Bulb blemishes. The RMA report of September 15, 1942

covers most of the pointe of importance in connection with the

blemishes of the actual glass blank. Since these have been agreed

upon for cathode rey tubes in general, it seems as though there ie

no reason why a different set of standards should be used in con-

nection with tubes having P? screens, It was recommended that

specifications following closely the details of the RMA rep..t

should be used by the P? menufacturere snd alec by the inspectors

representing the consumers

(10) Sirface scratches. On account cf carelessness of

handling eithsr by the tube manufacturer or th~ customer, cathode

rey tube faces often hecome seratched. Tubes of the SIF? and the

7BF?7 type which have very obvious scratches on the face have been

tested under pressure conditions with the conclusion that these

seratches do not seriously interfere with the strengih of the bulb.

A number of bulbs have also besn examined in an operating system and

althoush the scratches on the Tsce of the bulbs were vary evident

TONTETDENTTAT
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in ordinary light, they did not seem to interfere appreciably with

the usefulness of the tube; in fact, they were hardly apparentat

all unless the light which illuminated the scratches came from

»ut side of the tube instead of from the fluorescence or phosphor-

rgcence of the cathode ray tube screen.

In view of the sbove remarks, it is evident that it would

be very desirable to form a special committee to formlate specifi-

rations to be applied to cathode rgy tubes having P7 screens, since

here are some points upon which a departure from the RMA spenifil-

retions 1s undoubtedly necessary, It seems likely that the best

vey %0 maintain tube quality es regsrds blemishes 1s to describe

the most common ones and set limits on the number and size of the

hlemishes snd ales furnish at each inspection point "limit tubes"

vhich have been inspected by the Radiation Laboratory or else by

the Services.onoperatingradar systems. After specifications
have been formulated and agreed upon, they should be put into force

hy the inspectors at the cathode ray tube manufacturing plant and

31so by the inspectors for the customer. It is important that

iecisions in this regard should be made as scon as it is at all

soseible to do so

F._ Electron Gun Charscterisgtics by T. Soller, Radiation Laboratory.

Dr. Soller discussed at some length the difficulties en-

zountered with cathode ray tubes that have electron gun characterls-

tics differing as widely es they now cen differ under present speci-

"ication for beam cut=cff by the control grid. The present sgpeci=-

Fication allows a range in cut-off voltage between -25 volts and

-75 volte with 250 volts on the first anode with respect to the

sathode.
Tn Appendi- 4- =eport dat are preseated which il-

lustrats the fac. tha: 1 the magnetically focussed tubes now in

nse with electron guns of the "single crossover" type, the observed

»eam current increases in proportion to the third power of the grid

irive voltage as measured from the beam cut-off potential of the

. In eguation form, thie may be expressed as follows:

SOMNIRTIOENTTAT
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It is alec shown in AppendizIXthatwith guns of the presen?

ganeral design there 1s a relationship between the grid drive factor

A and the cut-off value of the grid potential Eo This relatior-

rhip illustrated by Figure 27 of Appendix Xl. Since the plate current
jepends on the grid potential in this non-linear way, it 1s impos-

sible to define the trans-conductance of a cathode ray tube sac-

sording to the conventional method. The constant A of the gbove

equation, howsver, serves as the most direct measure of the response

of the tube to a given grid drive.

For the range in cut-off voltage now permitted thera 18 &amp;n

sxpected range in A of 6:1. Stated in another way, for a small

grid drive, of 10 volts for example, the beam current in a tube

with a cut-off voltage of=25 volts may be expecisd to be six times

ag large as the beam current in a tube with a cut-off voltage of

75 volts. In order to obtain the same beam current on the 75

volt tube, the grid drive must be increased to 18 volts, I. the

naeximum acceptsble cut-off voltege 1s reduced to 60 volte then the

expected variation in the tube response will be reduced from 6 to

4. Such a change would therefore achieve two objectives: )

iecrezse the range in response to be expected, and {2) make it

nogssibletouseall tubes in sets now in existence which do not

neve a sufficlent receiver gain to drive the present highest cut-

 y ff tube.

"rom the meaufacturing point of view, it is desirable to have

the range of acceptable cut-off values of voltage as wilde aa pos-

sitle, and the ueer mast design driving equipment sc that the

least responsive tube can be driven satisfactorily. With tb

high gain thue demanded, signals as strong as 30 volts or more

night possibly be deliversd and the requirement would be that the

tube should not defocus sz2ricusly under this high grid drive. It

la obvious that a tube wi un &amp; cut-off voltage of only 25 volts must

nove 8 higher response than a tube with a cut-off value at A0 volts

CONIETIDIENTTAT
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30 that a smaller grid drive will permit the maximum heen current

that service may demand; and yot under th--e operating conditions

serious defocussingz must not take plsase. Thege facts “ave a direct

hearing on the "gun charscteristic" cpecification and demand that

some practical method of inspection should be agreed upon whlch will

allow for a determination of the pgut-off voltage ani at the same

time a determination of the "grii drive factor" A, or a directly

related quantity which could serve as a "go = no gd" indication

af the v~lue of A.

Radiation Leboritory Proposal for Bsam Curren Specification
It wes pointed out in the conference tha: the present method

of specifying the unission properties of the elactron gun, which

sells for a certain minimum current to be delivered at zero bias,

ls not satisfactory. A recuest was made at tle conference that tae

sroblem should be %aken under immediate consideration and some

aew method for specifying the minimum beam current ghould be pro-

rosed. The discuscion wlich follows 1s a re:iponsae to this request

and is, thereforea, not part of the conference proceedings, It has

seen discussed with the RCA representatives subeecuent * 1! cone

ference.

he stated in the conference report gbove. the beam current

ln magnetic tubes with single cross-over guns rr U expressed by

aquetion (1). The fact that there seems to be a definite relation-

ship between ths grid drive factor A end the beam cut-off voltage

% no was alte mentioned end is illustrated by Figure 27 of Appendix

[I. Tre heavy line drawn in thie figure, identified by the lettars

a-a, reprzsents as well as it cen be determined the minimum value

3&gt;f A, as a function of the cut-off voltage E,,» which can he taken

as acceptable for new tubes. The margin between thie line and

the least possible value of A lo small and must be included as .

safety factor against tube agliie.

The line referred to may be

Uwe .

oon
a
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The value of A given by this equation in, therefore, considered the

minimum acceptable value as a function of the cut- ~~ —cli&gt; Rot

Bao represents the negative bias in volte with respect to tae
cethode when the first anode is 250 volts positive with = “=r=2nce

to the cathode,

The justification for making use of a relationship between

A and E., as expressed by Equation (2) is that 1% permits © VRTY

sasy test procedure, Two possible test methods are outlined be-

low. A number of considerations indicate that in either case to

nske the test at 150 wa for the electron current in the beam would

be gbout the best compromise when all factors are considered. For

a given gun characteristic ss represented by Equation (1), the bias

voltage for testing the gun may be identified Dy Bop and the

test current demanded ( i.e., 150 pa) may be identified by pe

1f these symbols are substituted in Equation (1), snd that equation

1s combined with Equation (2), then Equation (3) ie obteined.

0
1 0.3 EF, + 13.9. (2)

The specifi¢+lue of test current Lope may be inserted

on the right hand side of Bguation (2), end the numerical coefficient

(1 pi 150° may be cowputed, Obviously, if Lop 1g 150 us, then
thie acefficient is unity, snd Bquation (3) reduces to Equations (4).

Boel?

0

Bor

0B
co

0. tna? iB

- JF

- +

fo oa™7

( .p)

x3

From Equations (4), o table of values has been conitructed

relating . to Ea snd including the minimum values of .. ae

computed by Equation ( '. The teble given below, could be used

in the following manner. Determine for a given elsctron gun the

value of BB . Regd from ths table the bias voltage st which the

beam current should be 150 ue oy nore. Set the bias to this value
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end observe he beam current. If it exceeds 150 ua, then the grid

drive factor A exceeds that required by Equation (2). An alternative

method would be to set the grid bias so that the beam current is

exactly 150 pa and note whether or not the bias exceeds that

required by Equations (4). In case it does, then the grid drive

factor ies above the proposed specification limit.

The determination of By, mey be made by noting the bias
voltage at which the raster becomes invisible if the observation

1s made with quite dark surroundings. If the ambient light on the

tube 48 not sufficiently low, then the beam in the form of a line

may serve as a better observational method for determining the

cut-off voltage of a given tub?

BIAS VOLTAGES AT WHICH TEST CURRENT SHOULD BE 180 pa
OR MORE, AS A FUNCTION OF CUT-OFF BIAS E  (PIRST ANODE
+ 250 VOLTS) oo

B
co En

£0
4,7
5,"
6.1
6.8

25
26
2?
28
29

30
31
32
33
24

7.5
8.2
8.9
9.6

10.3

35
36
37
cl

11,0
1
1 !

4

To
14.6
im aro

Min I

16.2111.
15,54
14.92
14.28
13.75

13.20
12.70
12,18
11.72
11.21

1C.87
Ir
Ir 1
; T4
con

£3
8.15
 2? 90

20

45
46
47
48
4.9

50
o1
B2
B3
RA

55
56
57
58
=O

50
61
62
63
RA

Bo.

1R
8 -

TN
Nn

20

21
22.2
22.9
23.6
24.3

25.
25.
2”

~
Le

c
2’
30+
21.5

Min A

v, 85x10 ©

Ve 39
7.15
£.,93
R_20

6.45
5.20
6.10
5,91
5.75

5.85
5.40
5,24
5.10

OR

3}

J
5

 -

2.20

 CT ONIETIME INT A
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A consideration of Zoustion (4%) shows that thls test

procecure may he simplified to the extent of making it very nearly

sutometic in requiringnoreferenceto trbles snd meter reedings

beyond the necessary determination of the cut-off voltege The

circuits shown 'n Figures 3 and 4 are practically se) P-explonniory

and show how %:e conditions required by Equetions (4) cen be

satisfied wirout any more work on the part of the operator than te

snap a svitea from thecut-offftest osition to the?1B0ua test!

position, Tn the latter position, sitisfectory tubes gould always

jeliver uw re than 150 we, Any tubes Telling below thet value

would » ve grid drive fzctors below {1e reguired linit,

Since the current obtained from &amp; tube using any

ey c1fied drive condition is directlr pronortionsl to the grid
“sive factor A, then under the test :onditions speci ied ahove

the emount by which the observed current exceeds 150 us 1s

r direct measure of the amount by which the observed grid drive

Factor exceeds the minimum neces-:ry for satisfectory tube

operation, XExperience shows thst e ressonsble bogey value for

the beam current under the conditions of operation described

would be 200 ua, This value is probably not far from the mean

value found in tubes now heins produced

Focussing properties of cathode rey tubes.

Although practically ll the tubes which have been examined

for sharpness of focus by using the 200 line raster or the 40 or KO

line raster method of excitstion show perfectly satisfactory focus,

a considerable friction of these tubes turn out to be rather un-

satisfactory for meny opolications. Practically 277 of the tutes

vnieh heve shown moar PPI presentetion, for exemple. hove been found

H .
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to have an electron emission from the cethode which is non-uniform

This non-uniformity is sscociated mainly with poor emission 1a the

very center of the crthode. In spite of the importance of this problem,

no practical method has yet been devised for setting up &amp; suitable

method of test and means of svecificrtinn which wil’ insure thet

tubes which pass inspection will be satisfectory for service use.

It is important thst steps should be taken to discover a prectical

solution to this nroblem of csthode inspection.

High Speed Production Testing, Reported by W. BR. Nottingham

For the past few months there hss been some interest on

the pert of certain menufacturers in the possibility of devising.

test which could be appli=d to a'l tubes being produced. Figures

12'2,b,c, =néd d&amp; of M.I.T. Radiation Leboratory Report Section

5-4s (Jenusry 22, 1942) show that the nature of the bu’ up

property of a P7 screen can be determined by observinz the

huild-up in light intensity with only 500 microseconds between

sulses. The patterns showa in the flgure referred to ar- photogrenhs

teken when a pulse of electron current was delivered to the tube for

s verisd of 6 microseconds end reperted every 500 mlcrosecona

The pattern was formed by having a2 horizontal sweep lat 3 c.01

seconds and &amp; vertical! deflection showing the instantaneous light

intensitv as a function cf the tine.

By means of a very simple circuit1?!"has been possible

to modify the rester apolied to the cathode ray tube under test

in such a wey thet every tenth line of the 200-11ine rester makes

ite sppesaranc. The intervening © lines are suppressed by grid

modulztion. The normal circuits of the M.I.T. test equipment allow

twent-: of these lines to be avplied to the same rogiom fF

cathode rzy tube within one-sixtieth of = second. The norma?

coupling circuit for the 931 photomultiplver tube may be used to

irive a sulteble amplifier and that in turn to drive the plates of

CONIETDENTILAI
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the recording cathode ray tube. With a synchronized 60-cycle linear

sweep the recording tube shows the pattern of the light increase

ag a function of the time when the 20 oulses are applied to a

given area of the cestode ray tube under investigation. Some

correlation date have been obtained and were presented during

the conference. A demonstration of the equipment was ~~

On the basis of the evidence now zt hand, it seems as

though this equipment or some modification of it could be =dspted

quite ezsily for the use of factory testing in order to insure thet

all tubes &gt;roduced hsve the requisite build-up properties end the

reauisite hrigatness,

(11. DECISIONS ETC.

The second dey of th~ conference, conducted under

service auspices, wes devoted to recommendations end discussions

lending toward the estsblishment of specificetions.

A. Screen Specifications. At the request of Lieutenant Anderson

end Mr. Greer, the Radiation Laboratory representatives recommended

epecificetions for the light outnut of P7 screens.

1% wae recommended, with the resul-= of the operetional

tests as supporting evidence, thet SY be dropred as a means of

specificetion, end that flesh be specifled in terms of cb,

and cb, rather than by cb, and cb, for reasons described above.
A request was 2180 made to supoly "hog vt JOT

each of these propertie Ty this term we meen a ~alu. ~~.ch

should renrccent the meen of production if 1t is mol:

ottain

wae Gecided tv

recommer:..4v.luec, should

unless evidence is presented uy wi

that there ahould be Por blvr alter nr

= Jicstion embodying the

w a _iiect on June J, 1942

- _l2acturere or others
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The specifications as adopted are tabulated below.

Li

Property
eb

B.

Se

cb,—ch178

Rat’o equivalent
Yo Cem

Limits
280 eb

12.5 m.

a-—

"Bo:

LT

er

T ROT

OY more

* —

¥ Tw Ll

or lese

&gt; legs

a

%
These velues have been chozen subseguent to the conference.

The standard conditions for messurements are as follows:

Anode voltage (relative to cathode) = 4000 volte

Grid voltage (G,,. for magnetically focussed tudes) = 250 volts

Raster size (foguesed beam)= 7.1 x 7.1 cm giving a total ares of
50 em. (Beem is defocussed for measurement.)

Duration of raster = 1/60 sec. The raster 1s formed by mezns of

lineer sweeps with the horizontal sweep frequency 12 kc and
the vertical sweep frequency 60 cycles. Except in the
case of the measurement of fluorescence, the raster 7 -
repeated at one-sgecond intervals,

Distance of rester fyom exis of celibrated 931 multiplier tube = 30 cm.

Beam current = 60 ua defocussed to a2 snot approximately 0.25 em in
disnpeter.

Red light: sufficient to de-excite the phosphor before buildup and
integrated flash measurements so that the results are
within 3 cb of those thet would have been obtained after

total de-excitation,

Filter: Wratten No, 15 or its equivalr:

Although the use of the "centibul" scale has been found

conven’ ..% and adopted by nearly all the laboratories messuring P7

acreens, the formula, given below, msy he used to convert cb values

into brightness values expressed in foot-Lamberts.
. b

Ft. lamb. = 2x10Cx Lotto

The application of the formule to chy of the above table
zives for B_ the value 12.5; and the rstio equivelent 130 of

=
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cb_-~ch has been calculated by taking the anti-log of 1.8,

If it 1s necessary to take 2 measurement with a beam

current which is different from 60 pus, then the ares covered by ‘the

raster must be increcsed or decreased in exact proportion to the

current used, Since the standard erea is 50 ens, &amp; reduction in

beam current to 20 na would necessitate 2 reduction in raster are:

to 16.7 on”. In order to make comvarisons with the ¢b values

t=bulsted above, the cb erea correction may be added to the

observed results, This correction is obteined by comdruting
100 x los. CE

bi, a

The first step in obtaining the integrated flash is to

integrate the light obtained during one second after a raster is

aprlied to a de-excited screen. Simple computations then yield an

equivalent light intensity, the integrated flssh or cb, which, if
maintained constant for C.1 seconds, would give the same integral.

Previously cb, has been considered relative to chy end the
criterion for setting the "flash" specification has been

cb, =cb,. Now, hovever, the integrated flash is to be related to

chy, and the new "flash" Speci ilennioy is mw be based on chy =Chg.
The new flash ratio, FRgs 1s log (Cr) or the retlo between

100

the brightness corresponding to cb,
corresponding to cb.

and the brightness, Bo

The bor-y waluer suggested in the table above are

largely determined by en insgection of the distribution function

found in the G.E, production since January 1943, These tubes

represent a very satisfactory state of production. and it seems

very desirsble to sttempt to make tubes in the future which sre ag

ood as these or bett ©

B. Screen Blemighes, #“fter further discussion end demonstrstion

of blemishes it was agreed that the question should be fully in-

veatirated as quickly as possible.

amy
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In particuler, 2" the request of the service representztives,

the Radiztion Laboratory sgreed to exemine a number of borderline

cases of blemishes of al? sorts znd furnish a report &amp;s to their

detrimental effects. Samples of such tubes will be distributed, if

possibls to the points where tubes are being exzmined by service

lngpr=*~=-

5. Electrical Properties. The following future steps were agreed

100nN.,

A study wil’ be made,bythemanufacturers,ofthefeasibility
»f confining the range of cut-off voltages for cathode ray tubes

having magneti~zally focussed guns of the single cross-over type to
the range -25 volts to =60 volts when the first ancde is maintained

350 volts positive with respect to the csthode., Should this

limitation prove possinle these values willl unltimetely be adopted as

specificztion limits,
The Radiztion Laboratory will sttempt to formulateanews

type of specification with regard to the beam current delivered when

the grid voltage is reduced by the applicetion of signals such as

rhose found in operating radar sets, Such a specification would be

much more significant than the present requirement of 2 minimum beam

surrent gt zero 2rid bizss.

D.. Request for tube sgpecificetion on all tubes: Mr. Greer explained

that the »roblem of formilzting uniform specificetions which could

he spplied by all menufezcturers of cathode rey tubes of a given approved
syoe would be more capable of solution 1f 211 memufecturers would

submit to him all of the deteiled specificstions applied bv the

nenufzcturer in his production of the tubes. This request spnlies

to all tests including electrical snd physical measurements ao

#811 as the instructions for inspections that must be done by the

inspectors without the helvn of measuring equipment. This request

applies also to 211 cethode ray tube types and is not to be

interpreted to &amp;pply only to the cathode rav tubes containing

Yelad2X22
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Tq. Summary of =ction:

(1) Unless well substantiated objections are presented prior

to June 5, 1943, the new limits as recommended in this report om

Page 24 shall go into effect,

(2) Samples of tubes which mark border-line cases as regards

nlemishes of all types willl be examined and distributed °°

oossible to the points where tubes are being inspect

(3) An attempt will be made to confine the range of cut-off

voltages for cathode rey tubes heving magnetically focussed guns

of the single cross-over type to the range -25 volte to =60 volts

when the first anode is maintained at 250 volts positive =’ °°

resnect to the cathode,
(4) A new “z8t is to be considered which will mezsure the

mt-off voltage and the beam current when the grid bles °

reduced to a suitable voltage. This criterion is to T~ sub-

stituted for the present requirement for a minimum beam current

=t ze voltage,

(. Some operational tests will be continued and ~ comulete

reocort presented.

(¢' Spoecificstions on all csthode ray tubes are to he sent to

My 3v22r of the Bureau of Ships in Washington,
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Appendix 1

GRAPHICA™, AND TABULAR PRESENTATION

OF RESULTS OF RECENT TRSTS NN P77 SCRTWYNS

The figures which are contained in this Appendix from

L to 16 and al) of the tebuler informstion were presented at the

iJ » Conference. The figures from 17 to 26 have been produced

ag of the interest shown at the Conference ~* “he

pr. . 7 %h se data. In msking use of these dr.

pe. “ut a should be directed to the discussion found

CONIETDENTILAIL
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GRAPHICAL AND TABULAR PRESENTATION

RESULTS OF RECERT TESTS ON P7 SCREENS

INDEX TO FIGURES

 2 ~

Gr rr

mm Fux cb, ch,
Ty. =

RCA

ye
i

INDEX TO TABLE ~ (results of tests on miscellaneous lotr

Miz,
DuMent

Type
SCP?

BEF?

SFP?

12DP7

HPT
IMP?

STP7

Na. + 7 tubnr

Netionnl

Phi”

Raul

Rag. 7

Tmt nn

Sylvan?

Lae

EXPLANATION OFSYMBOLSANDTET
A summary of resultr of measurements of P? long-persistence cascade

screens was prepared and made available as a Radiation Laboratory report.

No. 62-2 of August 12, 1942, Since that time several hundred tubes have
been examined using the Radiation Laboretory measuring equipment here at

the Laboratory and aleo the measuring equipment at the Camp Bvans Signal

Laboratory, The results of these recent tests heve been enslyzed in detlill

and the information put in such . form that it should be relatively crsy tc

digest and interpret, The resulting collection of Figures has been pre-

pared for use in connection with the conference of April 85 and « © T'%.

The graphical presentation is for tubes preduced by the General Electric

Company and the RCA Manufacturing Company. In addition the Table shows the

results obtained for smaller lots produced by other compenies. The above

chart will serve as a guick reference in order to lacate any particular

regnult
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In connection with the graphs, the results presented apply %o
© crf m ae y * : rpeb) . cog : Gg. and cb, cb, The wentities are all described in

considerable detail in the Radietion Laboratory report 62-2, and will

therefore be defined very brinflv below.

The light intensities observed are 211 expressed on the logarithmic

acele found very convenient for calculation and comparison end known as the

centibel® scale or "cb" scale. It is the practice throughout the

Radiation Laboratory to describe the performance of all other parts of an

operating system -- amplifiers, etc. - in terms of the "decibel" acale., On

that scale a change in power of a factor ten is a change.expresesd on the

conventional logarithmic scale, of one "bel". A change of power by a

factor 100 is on that scale 2 bels, As the name implies, 10 db = 1 be

and in like manner 100 cb = 1 bel. Obviously 10 ecb = 2 4

The "roare 1evrl® of the co~ntibel scale is based on certain con-

siderations of tL» power radiated frum a source with ~ ~avelength distri

bution of energy, that expected from the yellow component of the cascade

screen known as P?7 J consideration of this avd alse the nec ov

geametrical factors allows for a conversionofthelightintansitie

measured on the centibel scale to surface brightness expressed n foot

lambertes. This conversion formula as it applies to the pars ..

geometrical arrangement used in the tests of 33-inch and larger tubes undev

standard operating conditions is as follow

Tt ~lamb. = 2 ¢ 10°

 J

eb, 5 tur vhospherent lizbi intensity observed one second after

the application «v , "standard raster? te the %ube. cb 1g the same excep!

that it is observed one second after the fifth raster. Coy is the pane

but observed one second after the tenth raster. cb, ia observed by means
of an integrating circult, and is &amp; measure of the integral of the light

obtained during the application of the first rester and integrsted out to

cne second. Suitable calculation allows the observed integral tu be

tranefe rned inte an eaulvalent liehit intensity which sopiied for one tenth

CONFIDENTIAL
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of a second would have given the same integral. cb, —eb, gives the
iifference in the ¢b values of the flash relative to the one-second

persistence intensitw

 s+ ch, = eb,.- i 3

Operating experience has shown that the "buildup factor" for a

P? screen 1s an important characteristic. One of these bulldup factorr

ls described as Gs.1 and may be defined as the ratio of the ligh*®

Intensity obtained one segond after the fifth raster to the “~*~ ‘ntensity

ybtained one second after the first raster when these are erpr Ton

linear light scale instead of the centibel scale. in practice 1 turns

put to be rather easier toc celculate if the ani logarithe ¢7 the Jill rence

between cbg and ct, is used to calculate the factor Gey « Similarly

the factor GC. qq mev be caleuls’ ~

In the tgbular information the fluoresceat light intensity is also

recorded. This ipo obit. ined by apvl~*ng the raster continuously. That is.

ane comolete raster ir reveatcd every sixtieth of a second and the intensity

sn the entire screen i+ mearvr

The standard conditions for excitalion measurement are:

Anode voltage (r-lative to cathode) = 4000 volts.

Grid voltage (6s, for magnetically focussed tubes) = 280 volts,
Raster size (focussed beam) = 7.1 x 7.1 cm giving a total srea «~

Duration of raster = .1/60 sec, The raster is formed bv means o

sweeps with the horizontal sweep frequency 12 ke and the vertler

frequency 60 cycles. Except in the case ¢” 7 ~~ ‘moment TT ve

sgcence, the raster 1s repeated ot one-. ~~

Distance of raster from cathede of calibrate EL

Beam current = 60 pa, defocussed to a spo’ rv

Red light; sufficlent to de-exciie the phe

flash measurements go that the resulis are wi

sould heve been obtained after totzl de=exelitotbtiou

50 sq om

‘near

TyTN

2 tube = 30 em,

TLanetoy.

. .ntegrated
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Appendix II

GRID DRIVE FACTOR AND CUT-OFF DETERMINED

FOR SING™E CROSS-OVER ETECTRO' GUNS

The earliest cathode ray tubes tested et the M.I.T.

Radistion Laboratory were designed wsing 2 "double cross-over"

electron gun. In order to obtain higher current densities and

nore uniform distribution of electrons over the beam, the

"single cross-over" gun was later adopted, At thet time an

examination was made of the beam current as a function of the

grid voltage, and it was found that 2 plot using the cube root

5f the beam current for the ordinate znd the grid potential sas

she sbscisse showed a straight line relationship between these

verizbles. The intercept of the straight line on the grid voltage

axis was found to correspond to the grid voltage of "cut-of

for the electron beam. The cut-off voltage for a given tubc

cennot be defined in en absolutely unambiguons way becauce of the

fret that, when normal voltases ere spplied to a tub~ therz is no

zrid potentizl for which the beem current is exactly +

indevendent of the sensitivity of the measuring "=

beam current which corresponds to the "effective" cut-uf” 71

probably somewhat less than 0.1 we, It is this beam current or

this cut~off which is found st the zrid voltege at which tho

Ilntercent of the above straight line occurs. The cut-off voltege

thus defined is represented br E , end experiment shows thet this

Le very nearly the ideal vba Sor grid bias for overation of

aystem.

The equation which reoresents the bean current as a

Punction of the grid voltsg» “s given as follows:

o
&gt;

’
ed]

1.
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where 1 is the beam current to the screen, ££ £2 the grid drive

factor. nd LR. PL I~ the grid drive, Tor any tube with this type

&gt;f gun, the proportionelity constant A or the "grid drive factor! is

a direct measure of the response of the gun t¢ a given grid dri—

and in that sense serves as the nearest equivalent to the trans

conductance which plays so important a part in ordinary tube operation

Figure 28 of Appendix II shows three straight lines which represent

the plot described above for three different guns having vidoly

different cut-off values of Es = 24 to Bo = 62 1-7 Tis

rlear upon inspection thet the gleops of the straight line “°° the

tube with the cut-off value ef 24 ip decidedly higher than thei fo

the tube with a cut-off of 69, This serms to = a univerral Tule

for guns of this %fvve which have setive savhnlse, Figure 27 of

this fppendix shows the results obtained on a large numb

lifferent tubes all operated at 250 volts on the €ir--

Here the A value is rlotted as the ordinate, and the cer meponding

ls plotted along the abscissa. All of the points lie gbove the

20114 line designated by a-a, and the line drswn roughly throush tng

center of the group of points represents the "bogey" value mentioned

 nm vege 20 of this report.

Tre 1imit line a = a wae arrived £4 upfer “he “afluence

of twe considerstions., The first of there was sn estimate,cnthe

part of the members of the Radistion Laboratory most aguainted wit}

the needs of redar eysteme.of the minimum velue of the grid drive

factor A which would give satisfactory operseticn in tubes .

various values of gid cut-of” Ceo After baving determined roughly
the locations of thi. minimum ve.» Zine vr droum vh?

the emp” °° 7 (oo © ~8 Fou. V ~nd discussed © some

lenztt :
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