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SECTION I  -  INTRODUCTION 

The determination of the  spot size of a cathode-ray tube   has been,   at best,   a 

subjective process.     Thus,   the  Bhrinking-raster method   of measuring spot 

sizes  relies  on the  judgment  of the  observer to determine when a  set  of lineB 

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 
>    » 

about a «t*tionary  beam  1    c may be redistributed  uniformly with current 

density I   . 

Then 

k   = V? 1.772S 
(1) 

The equipment  may be designed so the measured value  r»f spot  size  has an  rms 

uncertainty of less than four  percent. 

Soller,   T. ; Starr,   M.   A. ;  and Valley,   G.   E. ,   Jr. : Cat hode - Ra y Tube 
Displays.     New  York,   McGraw-Hill Rook Co.,   Inc. ,   \LHtt.     pp b^U-bOO. 

L 
'Levinc,   Daniel:    Significance  of Line Width in PPI Displays.     GER-6142. 
Akron,   Ohio,   Goodyear Aircraft  Corporation.     1 b June    19 54;  p 37, 
Eqviation D- 1. 
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SECTION II  - DESCRIPTION 

The  instrument  (Bee 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  phototuhe.     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,   itB  position iB un- 

important. 

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

ious widths (see Figure  1).     The opaque  spaces 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. 

-2- 
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Figure   1   - Representation of Spot Size Measuring Instrument 
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Figure 2 - Chart for Spot Size Measurement 
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SECTION III - THEORY 

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

if the phosphor decay is neglected,   the  relative  liqlit output in 

^   = ijn[k(x 4   W)]   " H<kx>}' U) 

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

edi>e of the aperture. 

This lias its maximum value when 

7 ; 

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

If the maximum is denoted l>v subscript M, then 

1., 

(3) 

M 
I 

„(!lw)_H(_hw)   = H(^). (4) 

Substitution of the definition of k into Equation 4 yields 

L \ Z      w (S) 

The  light ratio may he measured  by placing the output  of the phototube  on a 

suitable recorder.     The  light tlirouqh a chart (see Figure   3A) .is  recorded at 

the phototube output is illustrated in Figure  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 liqht  output,   and the value  of L    is determined (see Figure  3C, 

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

-5- 
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Figure 3 - Test Chart Function:    (A) Tost Grating; (D) Light Variation for 
Swept Beam; (C) Light Distribution about Centered Spot 
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the spot si/.e,   Zl  percent of the light is obstructed by the opaque bars (see 

Figure   *C,   center).    In Figure   ''C,   right,   the lie,'*1 contours permit the 

further reduction of maximum light associated with an aperture halt the snot 

si/.c to be visualized. 

After the ratio is measured,   Equation 5 may be used to solve for spot si/.c. 

Alternatively,   the graph of Figure -1 may   be employed.    The curve drawn 

hero has a point of inflection at 

('•) 

as derived in Appendix A, Equation A-11. Consequently, in the region of this 

spot-size value, a small error in the reading oi the light ratio has a minimum 

effect on the accuracy of the spot-si.'.e determination. 
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Figure 4 - Spot Size as Function of Light Ratio 
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SECTION IV      ERROR ANALYSIS 

The expression for the  maximum  relative error  is i»iveti in  Equation A-24 as 

•1 

Aw      /w\ !(w) ALU       L..   AL M M o 
T~ TT 

o      o 

.   AW + -w • (7) 

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

maximum  relative  error  is given by  Equation A-27 as 

I Awl < w      max)    = 0. OJ — 
w W 

•  0.01. (8) 

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

1 '1 

Aw .   < 
  (rms)   — 
w 

0. 000.! TC 

i  i(w) 
+  0. 0001 (9) 

The error functions are plotted  in Figures  ^ and  6 for either  one-or two- 

percent maximum error  in each reading,     From the graphs  it is apparent 

that minimum  relative error  in the  spot   size measured is  obtained when the 

spot  size-to-aperture   ratio is   1.25; and for a one-percent  recording and 

reading error,   the  rms  relative error  is   less than four percent  over the  range 

0. 08< w<  I, 4 (10) 

The maximum error is 6. 5 percent over this rarnje.    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 Figures 5 and 6 that,   for a 2-percent recording and 

-9- 
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reading error,   the  rms  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 ot the electrons  in a beam is 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. 

12- 
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APPE:NDIX A - DERIVATION OF ERROR EQUATIONS 

The  relative  lit»ht  output  tjivcn by Equati >n 5 is 

VI W 

TT = ]]\-T-J- W   f c        du 

•>0 

(A-l) 

The derivatives  of w, W  with  rcspci t  to the  liyht  output     are  found by defining 

z and  y as 

! 

    V7 
V" > 

1 

f(y)   —        e"u 

^ J 
.!•: 

7 

so thai  Equation A-l   becomes 

7. = f(y). 

and an implicit equation can l><-  formed aa 

g(z, y)   -   7.   -  f(y)   r-  0. 

Then 

do        ,      3f(y) dy 
dT = ay cT7 =     0. 

(A-,) 

A-3) 

(A-4) 

(A-5) 

and 
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'12<?        n      3''l(v)/'!vV'      9f(y)   -r'y 

T7 3~-"^    aT"T7 
0. 

From Equations A-'> and A-»> 

oi.K r>r.7o 

(A-b) 

dy ] I 
^ " 5jT7T "• ^Ty7 

8 v .ly 

i2 
(1    v W 9 f(y) /<>y 

~~^iTyT 
8y 

flV 
(A-7) 

The  Leibnitz formula is used to find the derivative  i>f f(y) for  integrating under 

the integral siqn; thus,   from Equation   \   .'., 

df(y) 
-TTy- 

Z 

>/5f 
M -(y    ) 

v» y 

Then 

dZf . _Z_ (,-(y"Z) 

dy Vfl 

1 
• ~Z 

z > _      4   . .   y 
T" —r _      —      ,.. 

>> 
y y yfTt V 

(y    - i). 

Substitution of Equations  A-H and A-9 into  A-7 yields 

dy VU     Z   y 
dz Z     ' 

and 

(A-H) 

(A-9) 

(A-10) 

r 
-15- 
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,2 .        -{y  *) 
d   v  _    4     >• , • . 

T   =         C I ' > 
d/."        V*      y 

-r- y «• 

_   77 
yd  - y ) 

>        7.,2 

(A-l 1) 

Tin"  original  variables  may  be   substituted  for  y ami  z tn yield 

'(w) vi d VWy 

'M 

V~T7      
4/w\ 

"7"  X  JrTWJ 
TUV 

or 

dU) 
M' 

T7 

(A-l.'.) 

and 

2   '%) 

VTF      /L 

77 

M ^WL f - rfrf 
77/w 

T7 

or 

fe) 

-teT 
77   w 

7 W w[w) M (A-l J) 

r 
The  last equation indicates a point of inflection at 

w V¥ 
W = = 0. 88oZ3 , (A-14) 

•., 
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where the value of the tangent   is 

d 
TTX- Te .'.. l ^ 

M 

V1'-, 

A-IS) 

When a small error  in the  measurement  of the   !ii»ht   ratio  L../L is  made,   the 
M 

approximate  error  in the   spot-size  ratio  is  obtained  from   Equation A-12 a:, 

,/w\        /w\2     TXW        . LM (A-16) 

which is plotted in Figure  A   I 

Since  the  quantities   I and   I     ire    ihserved   independent 1 v.    the  error   in  tticir 
M 

ratio is 
L.A        I,   AL.,   -   I...AL 

M\ >        M M        o 

L 
> 

Therefore,   the   maximum  error   in this   ratio  is 

(A- IV) 

4£r-° 
.    AI,..    I   I,,, AL AI.V4    t  Al. o       M M        o    < M 

L o 
T7 (A-18) 

and the  rms  error is 

A^j (»».»- 39 • ftP' 
< 

'AL. AZ     /AL   \2 

Ml       I o \ 
4   -T (A-19) 

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

-17- 
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Figure A-l  - Graphic Representation of Equation A-16 
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of tin* amplitude,   or «•!  ••  incrcn •<•:•• with amplitude,  these rrlat ions become 

AL 
Al j-— I (max) 3  2 —j—- 

/'•»A Al, 

(A-20) 

A reasonable value lor the combined reading error and calibration error of 

a moving-stylus graphic record" r is 

AL 

rr i 0. 01    , (A-.'.l) 

so   (1, .t 

A(_-M (,,,.,x)  _  tO.OZ 

AL-   (rin^)   -   0. OM 

>-   • (A-22) 

The .spot si/i   and fi«<   .i| !•   "•t'lthare independent quantities also,   so that 

*(*)- 

Aw      wAW 
-y T 

W 
(A-23) 

therefore, 

/w \      w   AW 

r 
*    TVw*) Al...       L..   AL M M o 

o o 

AW 
> . (A-24) 
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Then the  maximum error  is 

GER-5670 

AL 

— <max) = 2-trJ we 
o 

I ~^r (A-25) 

while the  rnin  error  is given by 

Aw .   < 
  (rma) = w 

77 / W 

Cl /;)'.w .(^)' 
1/2 

(A-26) 

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

expressions,   used with  Equation A-.'. I,   become 

c Aw .   <   n   aj —— (max)   =   <-'• u- 

77 fw 

l  0. 01 

Aw < 
— (rm.| = n„no,fc)''.'W (1. 0001 

1 .• 

(A-27) 

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

the errors become 

.'0- 
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' 

AL 
c 

•t  0. 0> 

I M' A 1 ^{max)  - ±  0. 04 

Aw 
w |m;ix)   =   0. 04 

7T /w 

» n. oi 

•"N 

V      .   (A-28) 

Aw , .   < 
W 

2   ifeV2 
n. ooos(^]   e   \    /      f 0. 0001 

1/2 

^ 

i 

i 
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