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SECTION [ - INTRODUCTION

The determination of the spot size of a cathode-ray tuhe has becn, at best, a
subjective process. Thus, the shrinking-raster method of measuring spot

sizes relics on the judument of the observer to determine when a set of lines
appears to merge, Similarly, any attempt to measure the spot diameter with
a microscope is also dependent upon the observer because of the way the flux

density varies over the area of the spot,

This report describes an instrument for determining spot size; the instrument
is independent of the observer, The spot size is defined” as being equal to the

side of a square within which the current density in the Gaussian distribution

b )
y, & [5
B

about a staticnary bheam | e may be redistributed uniformly with current
[N

density Ic'

Then
kK = e = —, (1)

The equipment miy be destoned so the immeasured value of spot size has an rms

uncertainty of less than four percent,

ISollcr, T., Starr, M. A.; and Valley, G. E., Jr.: Cathode-Ray Tube
Displays, New York, McGraw-Hill Book Co., Inc,, 1948, pp 590-600,

2 . . ST ;

Levine, Daniel: Significance of Linc Width in PPI Digsplays, GER-6142.
Akron, Ohio, Goodyear Aircraft Corporation. 16 June 1954; p 37,
Equation D-1.
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SECTION Il - DESCRIPTION

The instrumment {(sce Figure 1) consists of a chart, a lens to focus the crt

spot onto the chart, and a lens to focus the light passing through the chart onto
a phototube. A filter is placed in the light beam to pass only the short per-
sistent component of the phosphor light radiation. In practice, the filter
would undoubtedly be mounted on the object lens; however, its position is un-

important,

The chart is a series of opaque spaces separated by clear apertures of var-

ious widths (see Figure 2). The opaque spiaces and the first clear aperture

have a width (W) at least four times the width of the largest spot to be meas-
, ured. The width of the narrowest clear space is approximately four-fifths

of the size of the smallest spot to be measured.
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Figure 1 - Representation of Spot Size Measuring Instrument
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SECTION 11l - THEORY

When a spot is focused within a single clear aperture, it has been shown that,

if the phosphor decay is neglected, the relative light output is

LE = é—{li[k(x + W)] - H(kx)}, (2)

o]

where x i8 the distance measured from the center of the beam to the leading

cdge of the aperture,

This has its maximum value when
X = = z-. (3)

1.e., when the spot is centered in the aperture,

If the maximum 1s denoted by subscript M, then

1.
M 1 kW kW kW

T = -Z[}i(—:)—-) - H (— T)] = H (T). (1)
o

Substitution of the defimtion of k into Equation 4 yiclds

[l
M T W
ol H(T K->' (5)

The light ratio may be measured by placing the output of the phototube on a
suitable recorder. The light through a chart (sce Figure 3A) as recorded at
the phototube output is illustrated in Fivure 3B for the case where the spot

size is equal to the width of the second aperture.

When the spot is in the center of the first aperture there is no significant
limiting of the light output, and the value of L‘o is determined (sce Figure 3C,

left). However, when the spot is at the center of an aperture that is equal to

e
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SECTION 11l - THEORY GER-5670
the spot size, 21 percent ol the hhehit is obstructed by the opaque bars (sce
Fipure 3C, center), In Fipure 3C, ripght, the light contours permit the
further reduction of maximun light ossociated with an aperture halt the spot
size to be viasnalized,
After the ratio is measured, Equation 5 may be used to solve for spot size,
Alternatively, the graph of Figure 4 may be cmmployed.  The curve deawn
&
| here has a point of inflection at
w 7 o
W = T — ”. .\\:;(!“.3 7 (())
as derived in Appendix A, Equation A-14, Consnequently, in the regon of this
: spot=size value, a small error in the reading of the hight ratio has a minimaam
[ 4
{ cffect on the accuracy of the spot-sice determination,
3
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SECTION IV - ERROR ANALYSIS

The expression for the maximum relative error is given in Equation A-24 as

=2
ﬂ(\v)
I\W ALy, LM AL AW

2% () e b el LK X (7)

For a one-percent error in aperture width and in each recorded reading, the

maximum relative error 18 given by Equation A-27 as

;‘ TT(\\)-‘:
' T\W
G I%l(m..x) <o 0 \\—:1 ¢ v 0,01, (8)

and the rms value of the relative error (see Equation A-27) is

» 1/2

(]

=z

e
l'I

>
b3 o.oooz(;;) . + 0.0001 (9)

Aw
— (rms)

The error functions are plotted in Figures 5 and 6 for either one-or two-
percent maximum error in each recading. From the grapbs it is apparent
that minimum relative error in the spot size measured is obtained when the
spot size-to-dperture ratiois 1.25; and for a one-percent recording and

reading error, the rms relative error is less than four percent over the range
w
0.08< p< 2.4 . (10)

The maximum error is 6,5 percent over this range. Consequently, a grating
designed for measurement of a wide range of spot sizes may have adjacent

aperture widths in a 3:1 ratio,

It is also apparent from Figurcs 5 and 6 that, for a 2-percent recording and

- —— — — - — ——
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SECTION IV - ERROR ANALYSIS GER-5670

reading error, the rmsg relative error is less than 8 percent over approxi-

mately the same range as Equation 10, while the maximum error is 12 per-

cent,

The accurate range region in Figure 4 corresponds to that specified in

Equation 10,

The basic relation of this report is Equation 2, which was derived on the
assumption that the distribution of the electrons in a beam 18 Gaussian, and
that the light output of the phosphor (neglecting decay) is directly proportional
to the current density. Consequently, the error equations will apply only

when these assumptions are closely approximated.

=] 2=
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LIST OF SYMBOLS

x
2
H(x) = oo / ¢ du =the probability integral
AT 0

k = constant determined by definition of spot size for a
Gaussian spot; for purposes of this report, it is equal
to \/ﬂ/w

L = reference level of tight flux, mcasured when flying gspot
is focused on center of widest aperturce on test chart

LM = light flux incident upon photocathode when flying spot is
T focused on center of an aperture other than the reference
- aperture
L = light tiux incident on photocathode after passing through

an aperture on the shde
W = width of aperture
w = spot gize of the cathode-ray tube

x = distance from center of spot to leading edge of aperture

Lh e o
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APPENDIX A - DERIVATION OF ERROR EQUATIONS

The relative light output given by Equation 5 is

NT W

L =z W 5
M n(ﬁ w) e R
I_n—_ 2 w/ T §W )

) 0

are found by defining

The derivatives of w/W with respect to the light output

z and y as

| B
M
A 4 ———]
(8]
2 W
y = —T T
AT > :
1
Y 2
fly) = —= e " du
L O J

so that Equation A-1 becomes
2 = fly),
and an implicit equation can be formed as

g(z,y) = 2z - f{y) = O,

Then
dg | _af(y)dy_ 0
dz — y dz — '
and

(A-1)

{A-2)

Y= 3)

(A-4)

(A-5)

-14.
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APPENDIX A DERIVATION OF T'RROR FEQUNTIONS G S6GT

. Nuois G s

b ) ] »
Te_o QJ&L(,}L) 107 e ) (A-0)
e a\’h clA ¥ ol

From Equations A-H and A-6

dy 1 |
dz = 3iy) =~ dqilyY
y Ty
3" f(y) (:ly)"‘
d’v 3y i o dT(y) 4»‘)‘ N
2 wla T E W) (=T
7 = dy
ay

The Leibnitz formmula is nsed to find the

by

the integral sign; thus, from Equation A 2

1 2
= oy )
(l(f(yz) N Z“ = _<)) (_ 71_> . _Z; %__ (A-8)
vu

- ) ;
Then
!
-z
.2 A2 2] 4 e o i8]
e Ao = -3 o b - D) -
dy v y y vii oy

(A-10)
and

-15-
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APPLENDIX A - DERIVATION OF 'RROR FQUATIONS GILR-5670

The

or

and

or

m 2ae D,
= wy(l - y)e ™V (A-11)
original variables may bhe substituted for y and 2 to yield

il(“’) , TT(\\')L‘)'
VT \W T 4w> ("'TW

. =TT T\W
dL——

{...\ “/“\-,
\w vV W ,
S , (A-12)
o M
Ty

; ﬁ(\v)
T w 4 (w T\W

The last equation indicates a point of inflection at

w AT . )
W :—Z_ — 0.88()u3 , (A 14)

-16-
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APPENDIX A - DERIVATION OF ERROR EQUATIONS GER-5670

where the value of the tangent is

(l(\v>
w -—%-v:l.l’»") . (A-15)

When a amall error in the measurement of the light ratio L, 1_/I_, is made, the

A
approximate error in the spot-size ratio is obtained from Equation A-12 as

A(%',) - (%,)Ze%xGV) A;% g (A-16)

which is plotted in Figure A 1.

Since the quantities 1 A and I, are observed independently, the error in their
ratio 18
LM LOALM - l,MAI,O ;
A T,_ — >3 . (f\-l )
0 L.~
o}
Therefore, the maximum error in this ratio is .
A LM — I,OALM + LM|AL0 S‘ALM + ALO‘ _—
L ‘ = = - L '
o L0 o

and the rms error is

L
A<r:{>(rms)

2 2

ALM . LMALO

) "\
o]

ALMZ ALOZ
Lo +—1? " (A-19)

With the assumption that the error in each observation is either independent

IIA
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APPENDIX A - DERIVATION OF ERROR EQUATIONS GER-5670

of the amplitude, or cliv increasces with amplitude, these relations become

)
A(?JM> {inax) < gl_é_s;_ﬂ|

0 o
> e (A-20)

P -l-:r\—j {rims) < > IALOl

A reasoniable value for the cornbined reading error and calibration error of
A moving-stylus graphic record v is

AL
..]-1‘. -+ 0,01 , (A-21)
18 )

|
@ <-[L\l>(ln-|\’) =+ 0,02
J()
RV
A i {rms) = 0,014
.I() d

tare aath are andependent quantities also, so0 that

o thot

~

- (A-22)

The spot s170 anpd Ui oy

w Aw  wAW

therefore,

e Wy |

\t T W M M o AW 3.
By N r—\|*wr (o)
[¢] (o] o]
-19- '
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APPENDIX A - DERIVATION OF ERROR EQUATIONS GER-5670

Then the maximum error is

miw\
), 36
LAW_WI(max) s zl o ;;Vc-‘{ w +|%}g.|, (A-25)
o]
while the rms error is given by
ANE o "(“’>_2 2 ke

A T ZT\W w

2¥ (rms) £ 2(1‘% (%) e +(_AW) . (A-26)
o]

If the smallest aperture can be measured with one-percent accuracy, the above

expressions, used with Equation A-21, become

2 )

3 (w)
T\W
l.A“_l(max) S 0.02 ge £ 0.01
. (A-27)
, n(.\-) 2 1/2

. b 3

A% rme) S o.oooz(‘,jv) "W/ 0. 0001
AUt J

If the output of the phototube 1s displayed on an oscilloscope of good design,

the errors become

-20-
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APPENDIX A - DERIVATION OF ERROR EQUATIONS GER-5670
AL )
0
L
M
A -L—o— (max) = ¢ 0, 04
A M = 0.028
r)= > . (A-28)
-2
TI(\V) “
|-%-V|(m:lx) < 0.04 %’,.»K W/ 4 0. 01
/
, n<w)'3 T2
1 b3
A—“\'v(rmﬁ) -E— 0. 0008({}) ¢’ W + 0.0001
J
=21
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