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Blectrical circuits were arramged so thet two gathede
tubes could be operated simultanecualy from the : power Buppl
and the grids driven from the same receiver.
hed all of the components of aAn ﬁchual'radsr system except
antenna, rtificial signals were

the system,
known as

guch
tuba 500

from

the %tubs
of the
mately
- Under
cut=cff with
gain is increased, the output noiee from the receiver drives the

grid positive with respect to its cut-off. The cbeerver

a bright line trac wat in the form of a radiue from
hie line has been popularly
auitably adjueting the apparatu
1% was possible to superimpose on this nolse

T

This signal could be located at any polint on
and generally gave the pear y of & short
radius equel to sbout two-il g of the radius

r B° Meaeure

on the face of the tube when the




signal strength was increased in a new lucation and a new trial
begun. Thig wee repeated unitil an observabie intensiiy was
tained.

One of the first problems was to find the bias voltage
measured with respect tc the tube's cut-off blae for which signals
were moet easily detected. In order to give a specific sxample of

the results ubtained heve, Flgure 1 is shown

RELATIVE SIGNAL STRENGYTH nesded for MINIMUM DETECTION as a
fungtion ¢f GRID BIAS

i

ips

Plgure 3

The tube veed had a cut-off voltage of 36 velta with a
first ansde wvoltage ¢f 205 volts. The results shown in the
figure indicate that 1f the vperating biap voliage is set exactly
equal to the cut-off voltage the tube exhiblits its mexipunm eensl-
2ivity ., when cbservations are made in total darknes Deviations
from the cut-off voltage sither to higher or

result in a measurable increass in the input signel needed to

38

detact the presence.of the eignal on the tube Note that deviations

from the cut-off blag of mpproximetely © voltes from either side

¢
/
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“,"l?; off necesaltate a one db ipcresse in
to be detected on the tube illustrated
After heving determined the most favorable method
the esathode ray ﬂunec comparisons were made betwean tubee
equalize the electricsl charscteristics, tutes k¢
L the same grid blas, and the cul-off goint
varying the firat anude
(ree gection
veraus grid
of approximati
tubes were smliected covering a range
end of ‘:b% from 360 to C s The
extendad
8 wide vangs in . ghtne 11 1iidup there weas
no apprecisble difference in the minimum detectable signal when
whe abservaticns were made in total derkness and on the perticulaz
gystem described,
receiver noige, E alsue made in the presence of
the tube face up to as hlghes 12
ically all conditions of ambient iight,
but withvarying degre
were plwaye betier the brightsr the t;bcg Oowi
the ambient light, the more clearly the advaaia of bright tubss
was apperent Tuves with a given vaiua
valuea, showed
)
tubes were compared with less bright
ambient 1Light, . compariscn between tubes

the same velues of eb., but having different values

efors different huildup velues, showed slight
favor of the higher buildup tubes. Thus one may conclude that a

to gain buildup is never a diesdvantege as long
practically unaltered
{any of the tests were carried out by allowing the obaerver
to make his cbgarvation by waltching the be contlnuously Othez

axperiments were made in which the time of observatioc

= =
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aither two or yur geconds after the application of the slgnal
the tube The resulte of thege observetiona were in complete accO)
with those taken previcusly and again indicsted that f g given

buildup the brighter the tube the better:; but for rive "ightness

the higher the buildup, the better

gerve A2 A rough gummarlzetion of these re-

tha brightnese cb, 1s plotted 28 the

]

1
srdinete. The 452 lines are lines ol

heavy lines with arrows indicate the direc-

improved O he approximate galn in terme of

reduction For the minimum detecteble aignel.
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centers of darkneass surrcunded by a ring of very intense illumi-
nation. It is the intense illumination surrounding the hole that
causes 1t to be 8o geriously objectionable. Therefore, the
number of extremely bright arear including the btright spots

the rings 11d remain equal te or less than, say, three fo

tubes. Holepa which may exiat ut which are not

»ingse, are not nearly so objectionable, end,

these mey be permitted on
acceptable tubes 1f they ar in dismeter. Obviously, the
larger the dismeter of the hole, the smaller the number which shouid

e

be permitted on the tube which is classified as acceptable

imes due to im-
imbedded impurities

a1

2maing within the

tubes which are
ly cbjectionable
sin with the interference

declded

~gralned

3 e =~} .2 . 9 abr - vy LT I ' | + *h i 3
phosphers which are now being used 1n com bion w i

guid
settling"” and "paste" me
generally sufficiently f from greininess b e entirely satis-
factory In contrast sxperisnce phowa that the average
produced in the U.5.A. uslng the method of air getiling
of graininess whi
time wi
poreen and
cture hen aignel. appears
random and,
tingulshed

reg from inherent
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graininess. It is, therefore, important that manufacturing methode
should be adopted which produce cathode ray tubes with P7 screens
which are as free from graininess a8 possible when being bombarded
or excited by a uniform distribution of electron density owver the

area of the acreen,

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

ghow areas of non-uniform emiesion of light due to gome non-uniformity
in the application or the drying ¢f the screen when it wase being mami-
factured, Variations in the light intensities over separate square-
inch areas are not permitied to exceed a factor of two according to
the RMA standards. Although such variastions are objectionable for
meny applicetions of P7 tubes, it seems as though the RMA upper
1imit could reasonably be applied to this tube type. In some screens
there is a form of "mottling" due to a non-uniformity in the appar-
ent color of the screen without much chesnge in the absolute bright-
ness. This may be objectionable in & limited number of epplicaticns
of these tubes, and should be avoided as much as poesible. Mottling,
however, is not likely to interfere with the detection of week signals,
and as long as the visual evaluation does not exceesd the impression
of 2 two to one non-uniformity, such mottling should not be made
the basis for tube rejectlon.

The "green spot" blemish is very commonly found in cathode
rey tubes in general and often makes its sppearance in P7 screens.
Some inspecters do not seem to distinguish between the "green spot”
blemish and the "bright spot” blemish, There 1e a blg difference
between these spots as far as actual operating systems are con-
cerned, and the "green spot" is declidedly less abjectionable; The
RMA specificetions on "dark specks" are written in such a way as
to apply also to "bright epots". If these were re-worded so as to
apply to the “green spot", it seems as though the limite as im-

posed by RMA stendards would be satlsfactory.

(6) Getter shadows. Shadows are sometimes created by the

improper mounting of the "getter". This shadow is differentiated

from the areas discussed in paragreph (5) in that it is due to the

ONFIDENT!
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actual interception of the electrons by the improperly placed getter
elip. As long as this shedow does not extend more than a few milli-
meters inslde of the minimum useful ecreen diameter, then 1t should

not be made ground for rejectlon,

(7) Water marks. Disturbencee in the uniformity of the P?
scresen are often noted around the outside edge of the screen, Such
blemishes which lie outside of nine-tenths of the radius of the tube
ecan be permitted tc be very noticeasble without seriously impairing

the ugefulnese of the tube,

(8) Siphon merks, At the point of siphoning on a liquid-
settled sersen, this blemish is often observalle., I% is felt,
however, that in case this blemish does -not extend appreclably in-
side of the quality eircle that it should not be teken as reason
for rejecting the tube, Again, it is obviously desirable te try

to eliminate such blemlehes in the manufecturing procsss.

(9) Bulb blemighes. The RMA report of September 15, 1942

covers most of the pointe af importance in connection with the
blemishes of the actual glass blank. Since these have been agreed
upon for cathode ray tubes in general, it seems as though there ie
no reason why & different set of standards should be used in con-
nection with tubes hnving P7 screens. It was recommended that
specifications following closely the details of the RMA report
should be used by the P7 manufacturers snd also by the inspectors

representing the consumers,

(10) Siirface scratches. On account of carelessness of

handling either by the tube manufacturer or the customer, cathode
ray tube faces often ®mecome scratched. Tubes of the SI'P7 and the
7BP7 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 strength of the bulb.
A number of bulbs have also been examined in an operating system and

although the seratches on the face of the bulbs were very evident
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in ordinary light, they did not seem to interfere appreciably with

the usefulness of the tube; in fact, they were hserdly apparent ai
all unless the light which illuminated the scratches came from
outside of the tube lnstead of from the fluorescence or phosphor-
escence of the cathode ray tube screen.

In view of the sbove remarks, it is evident that it would
be very deslrabdle to form a speciel committee %o férmulate specifi-
cations to be applied to cathode rey tubes having P7 screens, since
there are some points upon which e deperture from the RMA specifi-
cations ie undoubtedly necessary. It seeme likely that the best
way %o maintain tube quality as regards blemishes is to describe
the most common ones and set limite on the number and sigze of the
blemishes and alsc furnish at each inspection point "limit tubes"
which have been inspected by the Radlation Laboratory or elese by
the Services. on operating radar systems, After specifications
have been formilated and agreed upon, they should be put into force
by the inspectors at the cathode ray tube mapufacturing plant and
also by the inspectors for the customer. It is importent that
decisione in this regerd should be made as soon =28 it is at all

possible %o do soc.

- ¥, _Electron Gun Charscteristics by T. Soller, Radiation Laboratory.

Dr. Soller discussed at some length the difficulties en-
countered with cathode ray tubes that have electron gun characterlias-
tics differing as widely as they now can differ under present speci-
Jdecation for beam cut-off by the control grid. The present speci-
fication allows a range in cut-off voltage between =25 volts and
~75 volts with 250 volte on the first anode with respect to the
cathode. .

In Appendix 2 of thie report, data are presented which il-
lustrate the fact that, i*n the magnetically focussed tubes now in
use with electron guns of the "eingle crossover" type, the observed
beam current increases in proportion to the third power of the grid
drive voltage as measured from the beam cut-off potential of the

tube, In equation form, thie may be expressed as follows:

ONFIDEN
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s (1)

where (Eco - Ecl) is the grid drive,

= A( - I
ip (Ecc )

It is Also shown in Appendix IX thet with gune of the present
general design there is a relationship between the grid drive factor
A and the cut-off value of the grid potential Ecngﬁ Thie relatlon-
rhip {llustrated by Figure 27 of Appendix Il. Since the plate current
depends on the grid potential in this non~linear way, it is impos-

- gible to define the trans-conductance of & cathode ray tube sc-
cording to the conventional method. The constant A of the zbove
equation, however, serves 28 the most direct measure of the response
of the tube to a given grid d¥ive.

For the range in cut=o0ff voltage now permitted there 1s an
expected range in A of 6:1. Stated in another way, for a emall
grid drive, of 10 volts for example, the beam current in & tube
with a cut-off voltage of=-25 volts may be expected to be aix times
as large as the beam current in a tube with a cut-off voltage of
-75 volts. In order to ohbtain the same beam current on the 75
volt tube, the grid drive muast be increased to 18 volts, If the
maximim accepteble cut-nff voltege is 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: (1)
decrease the range in r@ﬂpdnge to be expected, and {2) make 1t
possible to use all tubee in sets now in existence which do not
heve a sufficlent receiver gein to drive the present highest cut-
off tubes.

From the menufacturing point of view, it is desirable to have
the range of acceptable cut-off values of voltage as wlde as pos-
sible, and the user must design driving equipment sc that
least responsive tube can be driven satisfactorily. With the
high gain thus demanded, signals as strong as 30 volts or more
might poesibly be delivered and the requirement would be that the
tube should not defocus sericuely under this high grid drive. It
is obvious that a tube with a cut-off voltage of only 25 volts muet

have a higher response than a tube with a cut-off value at 60 volts
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g0 that a smaller grid drive will permit the maximum beem current

that service may demend; and yet under theee operating ronditions
serious defocussinz must not take plase. These facts ave a direct
bearing on the "gun charscteristic" specification and demand that
some practical method of inspection should be agreed upon which will
allow for a determination of the gut-off voltege and at the same
time a determinatinn of the "grid drive factor" A, or a directly
related guantity which could serve as a "go - mno go" indication

of the velue of A,

G. Radiation Leborutory Proposal for Beam Currenl Svecification

It wes pointed out in the conference thai the present method
of specifying the umlsslion properﬁiee of the elactron gun, which
ealls for & certain minimum current to be delivered at zero Ddilae,
is not satisfactory. A reguest was made at the conference that the
problem should be taken under immediate consideration and some
new method for specifying the minimum beam current ghould be pro=-
posed. The discussion wilch follows 1s a re:ponse to this request
and is, therefore, not part of the conference proceedings. It has
been discuseed with the RCA representatives subsequent %to the con-
ferencs.

As stated in the conference report sbove, the beam current
in magnetic tubes with single cross-over guns may be expressed by
equetion (1), The fact that there seeme to be a definite relation
ship vetween the grid drive factor A and the beam cut-off voltage
an was ales mentioned end is illustreted by Figure 27 of Appendix
I1I. The heavy line drawn in this figure, identified by the letters
a-a, reprzsents as well as it can be determined the minimum value
of A, as a function of the cut=cff voltage Eco’ which can he taken
as acceptable for new tubes. The margin between this line and

the lesst voseible vplue of A is small and must be 1ncluded as a

safety factor against tube aglng.
The line referred to may be represented by the equation

which follows
A8

INFIDE
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The value of A given by this equation is, therefore, considered the
minimum acceptable value as a function of the cut-off voltage Ecoa
Eco repregents the negative blas in voltw with respect to the
cethode when the first anode is 250 volts positive with reference
to the eathode,

The justification for making use of a relationship between
A end B, as expressed by Equation (2) is that 1% permits & very
easy test procedure. Two possible test methods are outlined be-
low. A number of congiderations indicate that in either case %o
meke the test at 150 pa for the electron eurrent in the beam would
be gbout the best compromise when all factors are considered, For
a glven gun characteristic es represented by Equation (1), the bias
voltege for testing the gun may be identified by EGT’ and the
test current demanded ( i.e., 150 pa) may be identified by 1pT°
If these symbols are substituted in Equation (1), and that eguation

i1s combined with Equation (2), then Equation (3) ie obtained.

3

%
P L \/ By stor® o+ 13.5
B =B .(150) (0.3 B, + 13.5) (3)

The specified value of test current 1PT' may be inserted

on the right hand side of Bquation (2), end the numerical coefficient
| 3 ] K .

(1PT;150)1/’ may be cowputed, Obviously, 104 irT ig 150 pa, then

this eoefficient is unity, and Equation (3) reduces to Bouations (4).

= 13.5 (i)
» 0.9 (Eno e ane) (4b)

From Equations (4), e table of values has besn constructed
relating Eca to ECT’ and including the minimum velues of A as
computed by Equation (2). The teble given below, could be used
in the following menner. Determine for a given electron gun the
value of Ecﬁn Read from tha table the bias voltage ol which the

beam current should be 150 pe oy more,Set the biss to this value




sl

and obgerve the beam current. If it exceeds 150 uﬁ, then the grid
drive factor A exceeds that required by Equation {(2). An alternative
mezhod would be to set the grid bias so that the beam current is
exactly 150 pa and note whether or not the biaa.exceeda %hat

required by Equations (4). 1In case 1%t does, then the grid drive
factor is above the proposed specification limit.

The determination of Eco may be made by noting the bias
voltage at which the raster becomes invigible if the observation |
is made with gquite dark surroundings. If the ambient light on %the
tube is not eufficiently low, then the beam in the form of & line
may serve as a better observational method for determining the

cut~off voltage of a given tube,

BIAS VOLTAGES AT WHICH TEST CURRENT SHOULD BE 150 ps
OR MORE, AS A FUNCTION OF CUT-OFF BIAS E (FPIRST ANODE
+ 250 VOLTS) -

Min A

3
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A consideration of Fgustion (4%) shows that this test
procecure mey be simolified to the extent of making it very nesrly
sutometic in reguiring no reference to tzbles snd meter reedings
beyond the necessary determinstion of the cut-off VOltﬁﬁec The
gircults shown n Flgures 3 and 4 are practicelly self explenatory
and show how %ie conditions reguired by Equations(4) cen be
gatisfied wiriout any more work on the psrt of the operstor than to
snap a sviica from thecut-offtest josition to the"’150ua test!
position. A *he latter position, sutisfectory tubesgpould alweys
deliver wre than 150 ua, Any tubes Telling below thet vzlue

would » ve grid drive factors below t1e required limit.

Since the current obtained from & tube using any
thified drive condition is directlw proportional to the grid
vive factor A, then under the test conditions gperi“ied above,
the amount by which the observed current exceeds 150 us is
a direct measure of the amount by which the observed grid drive
factor exceeds the minimum neces-ary for eatiafzctory tube
operation, ZExperience shows thet e ressonsble bogey wvalue for
the beam current under the conditions of operation described
would be 200 wa. This value is probsbly not far from the meen

velue found in tubes now heing produced,

H. ZXocussing properties of cathode rey tubes.

Although ?factica‘ly ell the tubes which have been examined
for sharpness of focus by using the 200 line raster or the 40 or 50
line rester method of execitstion show perfectly sstisfzctory focus,
a considerable frrotion of these tubes turn out to be rcther un-
satisfactory for meny sponlicstions. Practically 277 of the tubes

which heve shown posr PPI presentration, for exemple, hsve been found
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A g¢ircuit for the 150 pemp, beam gurrent test
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to have an electron emission from the cathode which is non-uniforn.

This non-uniformity is ascociated meinly with poor emission 1n the

very center of the crcthode. In spite of the importance of this problem,
no practicsl method has yet been devised for setting up & suiteble
method of test =nd means of svecificstion which wll’“insure that

tubes which pess inspection will be satisfsctory for service use.

It is imvortant that steps should be taken to discover a prectical

golution to this nroblem of csthode inspection.

I. High Speed Production Testinz, Reported by W. B, Nottingham

For the pest few months there has been some interest on
the part of certain menufacturers in the possibility of devising &
test which could be applisd to a'l tuhes being produced. Figures
12'2,b,e, =nd d of M,I,T. Bediation Leboratory Report Section
6-4s (Jenuary 22, 1942) show that the nature of the build-up
property of a P7 screen cen be determined by observing the
build-up in 1light intensity with only 500 microseconds between
sulses. The patterns shown in the flgure referred to are photogrznhs
taken when a pulse of electron current was delivered to the tube for
s verisd of 6 microseconds and reperted every 500 microseconds.

The pattern was formed by having a horizontal sweep lasting 0.01
seconds and & vertical deflectlion showing the instantaneous light
intensity as 2 function of the tinme.

By means of a very simple circult, it hss been pos=ible
to modify the rester apvplied to the cathode ray tube under test
in such a way thet every tenth line of the 200-line rester makes
ite azppearance. The intervening 9 lines are suppressed by grid
modulstion. The normel circuits of the M.I.T. test equipment allow
twent-- of these lines to be anplied to the same reglon of =&
cethode rey tube within one~sixtieth of = second. The normal
coupling circult for the 931 photomiltiplyer tube may be used to

drive a suiteble amplifier and that in turn to drive the pletes of
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the recording cathode ray tube. With a synchronized 60-cycle linear
sweep the recording tube ehows the pattern of the light increase

gs a function of the time when the 20 oulses are applied to &

glven area of the cethode ray tube under investigation. Some
correlation dats have been obtained and were presented durlng

the conference, A demonstration of the equipment was glven.

On the baslis of the evidence now at hend, it seems as
though this equipment or some modification of it could be =dspted .
guite essgily for the use of factory testing in order to insure that
all tubes sroduced heve the requisite build-up properties end the

requlsite brightness,

II11. DECISIONS ETC.

The second daey of the conference, conducted under
service auspices, wss devoted to recommendations end discussions
leading toward the estsblishment of specificetions.

A. Screen Specifications. At the request of Lieutensnt Anderson

and Mr, Greer, the Radiation Laboratory representatives recommended
gpecifications for the light outout of P7 screens.

It wae recommended, with the resul:= of the operstiomal
tests as supporting evidence, thet cbl be dropoed as & meens of
specificetion, end that flash be specified in terms of cbi
and cb5 rather than by cb1 and cbl for reasons described above,

A request was also made to supoly & *pogey" wvalue for
each of these properties, By this term we meen & value which
should represent the meesn of production if it is nossible to
attain 1t.

It was decided that new specificstions, embodying the
recommended values, should be placed in effect on June 5, 1943
unless evidence is nresented by the manufacturers or others

that there should be further alteratlons.
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The epecifications as adopted are tabulated below,

Property Limite "Bogey"
380 ob 10 eb or more
T2 m fols 20 m,f.1. or more

12 or more

-

cb{“cb ﬁlﬁﬂ or leas

5

Ratic equivalent . *20 or less
to  ¢b,~ch,

%
These velues have been chesen subsequent to the conference,

The standard conditions for messurements are as follows:
Anode voltage (relative to cathode) = 4000 volte
Grid vo'tage (GE' for magnetically focussed tubes) = 250 volts

Raster size (fogussed beam)= 7.1 x 7.1 cm giving 2 total area of
50 em”, (Beam is defocussed for measurement,)

Durstion of raster = 1/60 sec. The raster is formed by meszns of
lineer sweeps with the horizontal sweep frequency 12 ke and
the vertical sweep frequency 60 cycles. Except in the
czse of the measurement of fluorescence, the raster is
repeated st one-second intervals,

Distance of raster f¥om exis of celibrated 931 multiplier tube = 30 em.

Beam current = 60 pa defocussed to & snmet spproximestely 0.25 cm in
dizmeter.

Red light: sufficient to de-excite the phosphor before buildup and
integrated flash measurements so that the results are
within 3 ¢b of those that would have been obtzined efter

total de-excitation,

Filter: Wratten No. 15 or its equivalent.

Although the use of the "centibel" scsle has been found
convenient and adopted by neerly all the lsboratories mezsuring P7
screens, the formula, given below, mzy be used to convert c¢b values

. into brightness values expressed in foot=Lamberts.

b
=6
Ft. lemb. = 2x10 X 10%50

The application of the formula to cb5 of the above table

gives for B5 the value 12.5; and the rrtlo equivelent 130 of
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cbiqch has been calculated by taking the anti-log of 1.8,

a

If it is necescsary to take a2 measurement with a beam
current which is different from 60 s, then the ares covered by ‘the
raster must be increzsed or decreassed in exact proportion to the
current used, Since the standard ares is 50 cmz. & reduction in
beam current to 20 2 would necessitate z reduction in raster
Lorlb.7 cmgn In order to make comverisons with the ¢b values
t=zbulated above, the cb arez correctlion may be added to the
observed results“, This correction is obtained by comiuting
100 x loglo ‘K%S;’ o

The first step in obtaining the integrazted flash is to
integrate the light obtzined during one second after a raster is
applied to a de=excited screen, Simple computations then yield an

equivglenf light intensity, the integrsted flssh or cb,, which, if

maintained constant for O.1 seconds, would give the sa;e integral.

Previously cb, h2s been consldered relative to Cbl' end the

criterion for setting the "flash" specification has been

ch =cbl. Wow, however, the integrzted flazsh 1s to be related to
and the new "flamsh" specification is to be based on cb1=cb5.

¥ip? =1/ ch, =cb
The new flash ratio, FRg» is log [ 1 "5 ) or the retio between

100

the brightness corresponding %o cbi znd the brightness, BS'
corresponding to cth
The bogey values suggested 1in the table sbove are
largely determined by an inspection of the distribution function
found in the G.E. production since January 1943. These tubes
represent a very satisfectory state of production, and it seems
very desirsble to sttempt to mske tubes in the future which are as

good as these or better.

B. Screen Blemighes. #fter further discussion end demonstrstion

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

vestigated as quickly as possible.
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In particular, at the request of the service representztives,
the Radiétion Laboratory sgreed to examine s number of borderline
cases of blemishes of al’ sorts and furnish a report &s to their
detrimentzl effects. Samples of such tubes will be distributed, if
possible, to the points where tubes are being exzmined by service

inspectors,

C. Xlectrizal Properties. The following future steps were agreed

1pon,

A study wil' be made, by the manufacturers,of the feasibility
of confining the range of cut-off voltages for cathode ray tubes
having magnetically focussed guns of the single cross-over tyﬁe to
the range =25 volts to =60 volts when the first encde 1s maintained
250 volts positive”with respect to the csthode. Should this
limitation prove possinle these values will ultimstely be adopted as
gpecificstion limits.,

The Radistion Laboratory will attempt to formulzte a new:
type of speelficstion with regard to the beam current delivered when
the grid voltagze is reduced by the spplication of slgnels such as
those found in operating redar sets. Such a specification would be
much more significant than the present requirement of 2 minimum beam

current at zero grld bias.

D. Reguest for tube gpecificetion on sll tuhes: Mr. Greer explsined

that the »roblem of formulzting uniform specifications whieh could

be spplied by al) menufzcturers of cathode rey tubes of a glven approved
typé would be more capable of solution if all menufscturers would

submit %o him all of the deteiled specificstlons applied by the
manufzcturer in his production of the tubes. This request applies

to all tests including electrical snd physicel measuremente as

well as the instructlons for inspections that must be done by the
inspectors without the heln of measuring equipment. This request
applies also to all cethode ray tube types and 1s not to be

interpreted to apply only to the cathode ray tubes containing P7

BsCcreens,
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®. Summary of sction:

(1) Unless well substantisted objections are presented prior
to June 5, 1943, the new limits as recommended in this report on
Pege 24 ghall go into effect,

(2) Samples of tubes which mark border-line ca;es 88 regards
blemishes of all types will be examined and distributed if
possible to the points where tubes are being inspected.

(3) An attempt will be made to confine the range of cut-off
voltsages for cethode rey tubes hsving magnetically focussed guns
of the single cross-over type to the range =25 volte to -60 volts
when the first annde is mmintained at 250 volts positive with
respect to the cathode.

(4) A new “«st is to be consldered which will messure the
cut-off voltage and the beam current when the grid bilas is
reduced to a suitable voltage., Thils criterion is to be sub-
stituted for the present requirement for & minimum beam current

et zero voltage.

(5) Some operational tests will be continued and a complete

renort presented.
(6) Specificstions on all cesthode ray tubes are to he sent to

Mr, Greer of the Bureau of Ships in Washington.
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Appendix I

GRAPHICA™, AND TABULAR PRESENTATION
OF RESULTS OF RECTUNT TRSTS ON P7 SCRTENS °

The figures which are contained in this Appendix from
1 to 16 and al) of the tabulsr informstion were presented at the
P? Screen Conference., The figures from 17 to 26 have been produced
28 the result of the interest shown at the Conference in the
presentation of these datz., In meking use of these dsta,
particular ettention should be directed to the discussion found

on Page 8 through 4.
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GRAPHICAL AND TABULAR PRESENTATION
OF RESULTS OF RECENT TESTS ON P? SCREENS

INDEX TO FIGURES

Mfr.

GB

.11 Fig. 15

5

TBP? 12 16
INDEX TO TABLE ~(results of tests on miscellanecus lots of tubes)

Lype No. of tubes
5CP7 6
. National Umilon S5FP7 16
Phileo BFP? 9
Rauvland 12DF7

Res. Bnt. Ltd, SHP?
SMP7

Sylvania 5FP?

EXPLANATION OF SYMBOLS AND TESTS

A summary of results of measurements of P7 long-persistence cascade
screeng was prepared and made available ss a Radiation Laboratory Teport,
No. 62-2 of August 12, 1942, Since that time several hundred tubes have
been examined using the Radiation Laboratory measuring equipment here at
the Laboratory and also the measuring equipment at the Cemp Evans Signal
Laboratory. The results of these recent tests have been analyzed in detall
and the information put in such a form that it ghould be relatively eesy %o
digest and interpret., The resulting collection of Figures has been pre-
pared for use in connection with the conference of April 5 and 6, 1943.

The graphical presentation is for tubes preduced by the General Electric
Company and the RCA Menufacturing Company. In addition the Table shows the
results obtained for smaller lots produced by other companies. The above
chart will serve as a gquick reference in order to locate any particular

results
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In connection with tﬁe graphs, the results presented apply %o

L 3

conglderable detail in the Radletion Laeboratory repert 62-2, and will

.and cbi~cb These quantities are all described in

therefore be defined very briefly below.

The light intensities observed are sll expressed on the logarithmie
gcele found very convenient for calculaticn and comparison and known as the
centibel® scale or "cb" scale. It ia the practice throughout the
Radiation Laboratory to describe the performance of all other parts of an
operating system — gmplifiers, etc, - in terms of the "decibel" acale. On
that scele a change in power of a factor ten ie & change,expressed on the
conventional logarithmic scale, of one "bel™. A change of power by a
factor 100 is dn that scale 2 bels., As the name implies, 10 db = 1 bel

and in l1ike manner 100 ¢b = 1 bel, Obviously 10 cb = 1 db.

The "zere level®™ of the centibel scale is based on certain con-
siderations ¢f the power radiated from a source with a wavelength distri-
bution of energy. that expected from %he yellow component of the cascade
scresn known as P?, A consideration of this and else the necessary
geometrical factors allows for & conversionof the l1ight intensities
measured on the centibel scale to surface brightneas expressed in foot-
lamberte., This conversion formulam as it spplies to the particular '
geametrical arrangement used in the teste of B5S-inch and larger tubes under
standard operating conditions is as follows:

ob

Pt -1emb. x 109 x 10 100

cb, is the phosphorent light intensity observed one second after

oL

the application of a "standard raster” %e the %ube. cbs 18 the same except

that 1t is observed one second after the fifth raster. cb A is the game
v/

1
ia observed by means

but observed one second after the tenth raster. b,
4

of an integrating cizecult, and is a measure of the integral of the light

obtained during the application of the first raster and integreted out to
one second. Suiteble calgulstion allows the cbserved integral to be

traneformed into an esguivalent light intensity which eppiied for one tenth
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of a second would have given the same integral. ¢b,—cb, gives the

pe = 8
difference in the c¢b wvalues of the flash relative to the one-second
persistence intensity.

i cbi = Qbi
Flash ratio = log 0
Operating expericnce has shown that the "buildup factor" for a
P7 screen is an important characterigtic. One of these bulldup factors
is described as GS:l and may be deflned as the ratio of the light
intensity ﬁbtained‘one segond after the fifth rester to the light intensity
obtained one second after the first raster when these are expressed on a
lineer light scale instead of the centibel scele. In practice it turns
out to be rather easier tc calculamte if the antilogarithm of the difference
betweesn cb5 and chl ies used to celculate the factor Gﬁsl . Similarly
the factor G. may be calculsted.

1031
<
In the tgbular information the fluoresceat light intensity 1s also
recorded. This ie obtained by apvlying the raster continuocusly. That 'is,
ene comolete raster is repeated every sixtieth of a second and the intensity

.

on the entire screen 18 measured.

The stendard conditions for excitation measurement are:
Anode voltage (relative to cathode) = 4000 volts.
Grid voltage <GZ“ for magnetically focussed tubes) = 250 volts.
Raster size (focussed beam) = 7.1 % 7.1 cm giving a total area of 50 sq em.
Duration of raster = .1/60 sec. The raster is formed by meama of linear
woep® with the horizontal sweep frequency 12 ke and the vertical sweep
frequency ©60 cycles Except in the case of the measurement of fluor-
egcence, the raster ig repeated at one-second intervels.
Distance of raster from cathode of calibrated 931 multiplier tube = 30 em.
Beam current = 60 pa, defocussed to a spot spproximately .25 mm in diameter,
Red light: sufficient to de-excite the phosphor before buildup and integrated
flash measurements so that the results are within 2 cb of those that

would heve been obtailned after total de-excltatlon
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PERCENTAGE OF TUBES WITH .cdw LESS THAN THAT SHOWN ON ABSCISSA

4/1/43

g0

1/1/43 -
af tubes:

No.,

Group XIl:

TYPE 7BP7
11/1/42 — 1/1/43
49

af %ubes:

No.

Group 11:

&4

tubes:

8/if42 — 11/1/42

af

Qe o o o B

Group X
N,
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PERCENTAGRE OF TUBES WITH QHD;H LESS THAN THAT SHOWN ON ABSCISSA
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PERCENTAGE OF TUBES WITH odwnadm GREATER THAN THAT SHOWN ON ABSCISSA

4/1/43

1/15/43

TYPES 5FP7 AND 7BP7

Tubes measured by Signal Corps
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RESULTS OF TESTS ON MISCELLANEOUS LOTS OF TUBES WITH P7 SCREENS
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TESTS ON MISCELLANEOUS LOTS (cont.)

GlOal cbiwcbl Date of test Remarks

Philco — Pype 5FP? (cont.)

183 Dec. 1942
184

Rauland - Type 12DFP7
226 Jan. 1943

227 Mar. 1943
225
218 Special screen

Regearch Enterprises, Ltd.
Types 9HP7 and SMP7

223 Dec. 1942 Sent to Radistion Lab. for standard-
217 ization. Type 9HP7.

225 Sent to Radiation Leb. for standard-
223 ization. Type 9MP7.

Sylvania — Typs?

Ti Oct .
267
269
265

175
213
223
227
180
<02

213 Mar. 1943

226 Mar. 1943 This group was selected as being
245 acceptable probably by proposed
226 modified specifications but not by
234 those adopted in Aug. 1942.
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TESTS ON MISCELLANEOUS LOTS OF TUBES (concl.)
G : ch. —¢ : R b
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Appendix II

GRID DRIVE FACTOR AND CUT-0FF DETERMINED
FOR SING™E CRNSS~OVER ETECTRC GUNS

The earliest crthode ray tubes tested et the M.I.T.
Redietion Leboratory were designed using'a "double cross-over"
electron gun. In order to obtain higher current densities and a
more uniform distribution of electrons over the beam, the
"single cross-over" gun wes later adopted. At thet time an
examinstion was made of the beam current as a function of the
grid voltege, and it was found that # plot using the cube root
of the beam current for the ordinate znd the grid potential as
the sbscisse showed a strazight line relationship between these
verizbles. The intercept of thestraight line on the grid voltage
axis was found to correspond to ‘the grid voltage of "eut-off"
for the electron beam. The cut-off voltesge for a given tube
cennot be defined in en absolutely unambiguons way because of the
fret that, when normal voltares sre spplied to a tube, there is no
grid potentizl for which the beam current is exactly zero
indenendent of the sensitivity of the mezsuring instrument. The
beam current which corresponds to the "effective" cut-off is
probably somewhat less than 0.1 pz. It is this beam current or
this cut-off which is found at the grid voltsge st which the
intercent of the above straight line occurs. The cut-off voltage
thus defined ig represented by E , and experiment shows thet this
is very neerly the ideal vo}tagec?or grid bias for operation of
a rader system.

The equation which represents the beam current as a

function of the grid voltrge 18 glven as follows:




Lp is the beam current to the screen, A is the grid drive
and (B _ - Ec‘) is the grid drive. For any tube with this type
(51 i 8

of gun, the proportionality constant A or the "grid drive factor" is
a direct measure of the response of the gun tc a given grid drive,

end in that sense serves as the nearest équivﬁlen: to the trans-
conductance which plays eo important s part in ordinary tube operation
Figure 28 of Appendix II shows three straight lines which repre

the plot described above for three different guns having widely
different cut-off values of E .= 24 to E = 63 wvolts. is
clear upon inspection that the ope of for the

tube with the cut-off wvalue of ig decidedly than that for
the tube with a cut-off of 69. Thig seems to be a universal rule

guns of this type which heve seotive cntheds « Tigure 27 of

LEUWL T & U

fppendix shows the resulis obtained on s la ge number of

at 250 volts on th irst enocde.
plotted as the ordinzte, d the corresponding
absecisaa All of the poin lie gbove
a-a, and the line drswn 7 the
up of points represents t} ‘bogey" value mentioned
thls report.
1imit line 2 = & was arrived at under the influence

4

of two considerstions. The first of thece was en estimate, cn the

part of the members of the Radistion Laboratory most aguainted with

the needs of rsdar gystems,of the minimum velue of the grid drive

feetor A which would give satisfactory operstion in tubes with

grid cut-off E . After having determined roughly
(3700 '

this minimum velue, & line were drewn which fits

tion given as Equation (2) and discussed at some

length on pazes 17 to 18.
The second consideration is thst egse of testing. The

end 4 of the report thet 2 test for the

a is very easy to accomplish,
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STATIC CHARACTERISTICS OF THREE 5FP7 CATHODE RAY TURES
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