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This  i s  a  c o l l e c t i o n  of d a t a  on t h e  c o n s t r u c t i o n  o p e r a t i o n  and 
performance of t h e  two image d i s s e c t o r  cameras .  Some of t h i s  
d a t a  i s  u s e f u l  i n  d e c i d i n g  whether  c e r t a i n  shor tcomings  a r e  
s i g n i f i c a n t  f o r  a  g i v e n  a p p l i c a t i o n  and i f  s o  how t o  compensate 
f o r  them. 



'Ihe fo l l+doing  is a col1ecti l ; in o i  ~ L T ; S  2nd pieces af 

i n f o r m a t i m  a b o u t  the two lmabe ; i s s e c t o r  cameras a t t a c h e d  

i;o c h e  cornput;er.s (PUP-6 and 2JP-1C) o f  t h e  A r t i f i c i a l  

i n t e l l i g e n c e  Group a t  P r ~ j ~ c t  L i , ~ C .  ~viost  of c h i s  d a t a  

conce rns  t h e  'new'  'eye' and the v ideo -p loce s so r  which 

can be used t o  a c c e s s  both ' a y e s ' .  

The new v i d i s s e c t o r  c u n t a i n s  a F4013 t u b e  u a r ~ ~ f a c t u r e a  

by I T 2  i n d u s t r i a l  Labdrt;i;uxies (IIPl!lL). ' I 'hls cube iias 

a d l a m e t e r  o f  4.5" (118 ma), a l e n g t h  o f  14.>" ( 3 m  mm), 

a  S-11 (Cs-SD) photocdtclode a j" (70 mm) uscab le  

diame.t;er, 2he c i r c u l a r  a p e x t u r s  113s a d i ame te r  of  .0!32't 

( . 0 5  m a )  and the e 1 e c C r . m - a u l t i 2 l i e r  c o n s i s t s  01 1 4  

dynoaes. ' the c la imed x e s o l u t i m  is 10 c g c l s s  ( l i n e - p a i r s )  

p e l  mrn a t  50 YC ampl i tude  r e s p o n s e ,  and 17 cycles/rnm 

a t  1 0  7, amp1ltud.e r a sgonse .  'Jhe 1dc i . -p la te  uas  a. thickness 

of *12>t '  (3 .2  m). 

 the o l d  v i d i s s e c t o r  con ta i r i s  a 2'COll Gube marlufactured 

b y  ITTIL. I t  has  a  d i ame te r  of 1.5" (58 mm), a  l e n g t h  

of 8.2" (205 mm), a S-11 p h o t o c a t h o d e  b v i t h  a 1.1" (28 mu) 

w e a b l e  d i a m e t e r .  The c i r c u l a r  a p e ~ t u r e  ha s  a d i ame te r  

of  ,001" (.O25 mm) and t h e  e l e c t r o n - m u l t i p l i e r  c m s i s t s  

o f  10 dynodes. Illhe claimed r e s o l u t i m  i s  20  cycles/rnm 

a t  50 "/. ampl i tude  r e s p o n s e ,  aild 34 c~yclss/mm a t  1 G  % 

ampl i t ude  res;)onse. T h e  f a c c - p i a t e  has  a ~ n i c k n e s s  uf  

.080t' ( 2 .  C mm) . 
ipor f u r t h e r  inf ormat ian  on imak;e d i s s e c t a s  s e e :  



The video-processor was s~pplied by Inlormatim Inter- 
national lnc. and is described in: 

Further information about the use uf our video 

processor can ;e fdund in an appendix to: 

"EOCUSIf iG"  A 1  Xemo 160 



' t 3E  XYd: PRINCIPLXS OF 0PdRA1210N: 

The irlain cornponelt of the eye i s  tae image dissector  

camera (vidis-sector  f o r  s h o r t ) .  I t  is an e f a c g a t e d  

t u b e  coa ted  on one eud wi th  a subs t ance  t h a t  c o n v e r t s  

a  c e r t a i n  f r a c t i o n  of i n c ~ m i n g  2hotons l n t o  e l e c t r o n s .  

T3y means of  a  l a r s e  app l i ed  p o t e n t i a l  aud an  a n a l  

magnet ic  f i e l d  most of t h e s e  e l e c t r o a s  a r e  imaged on td  

a n  a p e r t u r e  p l a t e  ( s e e  F i g  1 ) .  i h e  e l e c t r o n s  L r a v e l l i n g  

t h r ~ u g n  t h e  a p e r t u r e  a l l  cdme from a s m a l l  a r e a  on 

t h e  photocathode of a?proximately t h e  ssme s i ; e  a s  t b e  

a p e r t u r e .  ii'kase e l e c t r o n s  notad e n t e r  m e l e c t r o n  m u l t i p l i e r  

!$here s e c o n d a r , ~  e n i s s i d n  produces a l a r g e  n i i ~ b e r  of 

new e l e c t r o n s  a s  t h i s  s t r e a m  uf e l ; c t r . m s  impinges 

successively on each ~f 14 ~ u l t a t ~ l y  c o a t e d  d,y~1ocies. 

Yhe c u r r e n t  i~t t h e  m a d e  1s  conver ted  -t;a a v o l t a g e  A 

i.ihich i s  d i r e c t l y  , r i > : ~ o r t i u m l  tu tile i l l u m l ~ a t i u n  

P 'a l~inrr ,  oil the  siiiall a l e a  urt t:le ? h ~ t o c a t h o u e  s e l e c t e d .  

4 i t h  only  the a x i a l  f o c u s i n g  f i e l d  t h i s  s m a l l  a r e a  

i s  i n  t h e  c e n t r e  of' t h e  photocatfiode. '2tn;o p e r ~ e u d i c : ~ l a r  

r a d i a l  f i e l d s  a l l ow  one LLI ffiove t h e  e l e c t r o n  image 

around on t h e  a p e r t u r e  p l a t e  t h u s  s e l e c t i n g  d i f f e r e n t  

a r e a s  o f  t n a  image. Attached t o  t h ~ s  d e v i c e  i s  Ltie 

v ideo-processor  , ,a ich  i n c l u d e s  t h e  i n t e r f a c e    it^ 

t h e  computer.  

The complexi ty  of t h e  v ideo- jxocessor  i s  i n  l a r q e  

p a r t  due t o  t w o  d e s i g n  o b j e c t i v e s ;  

1. R e l a t i v e  e r r o r  i n  an i n t e n s i t y  rneasument 

shou ld  be lnaependent  o f  t h e  i n t e n s i t y .  

2. Ifhe v ideo-processor  s w u l a  n o t  waste  time 

i n o c e s s i n g  very  a a r k  p o ~ n t s .  



Yhe main sou rce  of ; r r o r  i n  an i n t e n s i t y  measurement 

i s  caused by q u a n t i s a t i a n  - i n  ~ i ' i e c t  v;ie a r e  c ~ u n t i n g  

t l lzc t rdnsC ' I ' m  on ly  r e a s m  i m  n;it n c t ~ a l l y  cdun t ing  

zhem is  c n a t  t h e y  aay a r r i v e  a t  a  r a t e  of up  t o  2 8 

p e r  s e c ) ,  'To o b t a i n  a r e l a t i v e  e r r o r  indedendent  of 

~ n t a n s l t y  cue m~st ' c o m t  ' t h e  same nuu~lser af   elect^ m s  

f o r  e ach  a e a s ~ r e m e n t .  T h i s  t h e n  l a p l i e s  t h a t  da rk  p o i n t s  

will r e q u i r e  an i n o r d i n a t e  amount of t ime  for rneasuremant. 

A mechanism must b e  provided f o r  i g n o r i n g  p o i n t s  d a r k e r  

t h a n  a  g iven  l e v e l  a t  an e a r l y  s t s g e .  The grogramner 

h a s  t a o  2a rame te r s  a v a i l a b l e  c o  c o n t r o l  t h e s e  two 

f e a t u r e s ;  

1. S i g n a l  t o  noise r a t i o ;  a parameter  xh i ch  

m a y  be 0, 1, 2 o r  3 i n d i c a t i n g  a  r e l a t i v e  

e r r o r  of 1/8, 1/16, 1/32 and 1/64 

respecc iv t ly  ( n a n i n a l ) .  S e e  'Tab 1. f o r  

e f f e c t i v e  number o f  pkd to -a l ec t runs  

cdunted a t  each  s e t t i n g .  

2. G i m  c a t  a f f  l e v e l :  a parameter  i i~hich may 

p e r ~ i s  rble i n t e n s i t y  ( n o a i n a l ) .  S e e  Tab 1 

f o r  f u r r h e r  a e  csi ls  , 

fi, i l i , j h l y  s & n a t i c  u laq-am of  s o w  -)sl>ts "1 C h t :  rr-icieo 

, : rocessolZ ( F i g  1 )  hill il u s t r a t e  t h e  opexut idn  i n  

;iiol e u e t u i l .  l r  ha iable pci ise Iredujncy  nerdat at or 
a t    he :r,ottom of the ul3grarn i s  used t o  a l l ow  

measurements o f  i n t z ~ ~ s l t i e s  d i ~ f e r i n g  Dy more than 
t h e  normal 64 t o  1 dynamic range of t h e  v ideo-processor  

and a l s o  a l l o w s  a r e f e r e n c e  s i g n a l  G O  e l i m i n a t e  %ha 

e f l ' e c t s  of l i g h t - s o u r c e  m t e n s i t y  v a r i a t i o n s .  'The number  

r e a d  b,y t he  computer i s  1~ a f i c c t  t h e  r a t i o  of t h e  

i n t e n s i t y  measured on t h e  phuto-catnode and seine 
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r e f e r e n c e  s i g n a l  t # h i c h  may oe s e l e c t e d  t o  be  t h e  t o t a l  

p i id tocathoae c u r ~ ~ e n t .  I n  t h i s  c a s e  a change i n  t h e  

i l l u m i n a t i o n  w i l l  c m e  an e q u a l  cliari;~e i u  t h e  two 

f a c t o r s  used i n  t h e  r s t i o  ana  t h e  o u t ~ u t  of  t h e  

v i a e + p r o c e s s o r  w i l l  be ince7enddnt  t ~ f  s uch  changes 

( u n l e s s  tney  a r e  Loo l a r g e ) .  

The v a r i a b l e  pulsc: f requency   enra rat or o p e r a t e s  ty 

s e l e c t i n g  a s  many p u l s e s  a s  needed i r o n  a 5 ~ L c / s  

pu l s e  s o u r c e .  T h e  avt:l,age f r equency  can be r e a d  on 

a mete r  vvhich i s  5 hc /s  fu l l .  s c a l e .  These  p u l s e s  

a r e  f e d  i n t o  a 14 b ~ t  c o u n t e r  >k~hen  measuernents  a r e  

be ing  t aken .  

A t  t h e  same t i w e  t h e  ou tgu t  of t h e  e lect rom-mult i :~! ier  

i s  f e d  i n t o  an i n t e s r a t o r   hose a u t p u t  i s  a t ~ a c h e d  t o  

f o u r  compara tors .  'Yhexe c a m p a r a t r ~ r s  f i r e  ("hen the 

i n t e g r a t o r  uu tpu t  I e a c a e s  a v d i t u g a  cQrr6sponcii .m~ Lo 
11 , I5 d 7 , d 9 , %  , ? : l o t o e l e c ~ ~ o m  ~ h r o u g n  t h e  a p e r t u r e  

p l a t e  ( n o m i n a l l y ) .  l ' n e s e  f v w  c d ~ p d r a ~ d l b  are used 

f o r  t h e  f o u r  d i i i e l e n t  s i 6 , n a l  t o  U ~ ~ S Z  r a t i ~ s ,  J L L ~ ~  

t h e  z 2 ,  d 3 ,  . 2 b i t s  i n  Lno t i m e - p u l s e  c o u n t e r  

art :  u s e a  i n  tl:e a in-cut-o:S d L ~ i s i i ) r ~ s .  

ilia z i l l u s t r a t e s  t h l s  l n  mure u e t a i l .  ~vot t ,  t h a t  b,tu 

s c a l e s  are LogZ . l r a c s  A s h " ~ s  Lt,e v o i t a g e  a t  t n ~  - 
;;ic$l*L oi' i,i?t: l r i t d i : r ~ t u r  veXbLcs t i i i  ciruiii; i u  LTLZ t i m  
puhse  c o u n t e r  f o r  a v e r y  ~ r i g r l t  ~ O I I L ~ .  3 m a ~ i  C ~ L J S S ~ S  

fuc?lcace  tie tiiliss a t  ~ j h i c h  t n e  compara tors  a t   he 

o u t  p u t  of  t n e  l r ~ c e g r a t d r  f l i e .  dm311 bdxes u u i c a t e  

t h e  ~ i m e s  when t h e  f i l p - f l o p s  s t i a c n e a  t o  t h s  v a r i o u s  

bits i n  t h e  tiille pulse c d u n i e r  flxe. Sup2ose we had 

seiected a s i g n a l - t o - n u ~ s e  r a t i c ,  2 a m  a dim-cut- oil 

l e v a i  5. A t  p o i n t  X (%ken t c e  apqr i )$rrace  b i t  c ~ r n e s  

on in t n e  t ime p u l s e  c u u n t e r )  a t e s t  is  made d e t h e r  





t h e  v o l t s e e  in t u e  ~ ~ t ~ g r a t o r  cxezds  t u z  1/b4 Vo l e v e l .  

I n  o u r  c a s e  it d o e s  2nd trre p o m t  is n d t  d in , -cu t -df f ' .  

T f  V V ~  had u s e d  d m  c u t  o f f  l e v e l  7 t h e  t e s t  w ~ u l a  have 

been  made at poiric L anu t h e  t j r d c e s s l n g  s t o p p e d ,  t h e  

i n t e g r a t o r  ane t h e  c o u n t e r  r e s e t ,  snd 3 u i m - c u t - o f 1  

v a l u e  r a t u r n e d  to t h e  ~ L P - G .  in our c a s e  m t e g r ' a t i o n  

woulu hdvo p roceeded  up t d  ; joii l t  Y k h e r e  t n e  v o l t a g e  

l e v e l  c o r r e s p o n d i n g  t o  o u r  h 2 i e c t e d  s i ~ n a l  t o  noise 

r a t i s  was reacked. Ithe significant value now i s  t h e  

count i n  cne t ime P U L S ~  c o u n t e r .   lute hdwever that 

t o  o b t a i n  the s a m k  o u t p u t  f o r  a l l f e r c n t  c a b i c e s  o f  

s i g n a l  t o  11oise s a c i u s  we need  ~o d i v i d e  

b y  4 f o r  e v e r y  i n c r e a s e  in s i g n a l  LU i i i ~ ~ s e  r .a~;ii ,  o f  1. 

So tie d l v i d e  uy l o . ( l f  he Lad u s e d  a s l g n a l  t o  u o l s e  

r a c i u  of 1, i n t 2 $ , r a t i o ~ l  ,vdbld have  s t o i . ? e d  a t  $i and we 

would d i v s d e  ba 4) 

T o  k?roduce t h e  floatma poinL number r e q u i r e d  f o r  

t r a n s a i s s i o n  t o  t h e  Phr -6  t h e  14 o i t  b i a a r y  number i s  

moved f r o m  t h e  c o u n t e r  t o  a  s h i f t  register when che  

s e l e c t e d  c o m p a r a t o r  has flrad. It n s  t n e n  s n l f t e d  

l e f t  until a one a Q p a r s  I n  t h e  most r i t g L f i c a n t  

p l a c e  ( i e ,  i t  i s  r ~ o r m a l l s e c i ) ,  t h e  x.,cliilber' o f  s n l f t s  

i s  s u b t r a c t e d  from t h e  i n i t l a 1  ex , ;onent .  I K L ~  l u i t z a l  

e x g d n e n t  i s  preset uy t h e  ;> i ; . l c t ivn  OL' s t j l ~ a a l - c o - x 1 d i . s ~  

r a t l o  t o  s m u l a t e  t n e  d l v l s i ~ n  by p o ~ v e r s  o f  4 acscribed 

above .  I n  t h i s  ~uay a f d u r  b i t  ~ x ~ o r ~ e ~ i t  (0 t o  i Y r )  and d 
a six b i b  mantissa ( 00 t 3  '?'t8 ) 1s r e t a i n e d .  t r e s e n t l y  

exponents l a r g e r  t han  13 c a m l o t  occur. i h e n  t h e  l i n / l o g  

s w i t c n  on t h e  v l u e d - p r u c e s s o r  i s  I n  t n e  lln p o s , l ~ i d r ~  

t h e  r i g h t  hand h a l f  woro c a n t a m s  just t h i s  f l o a t i n g  

b i n a r y  number - . . r . i t t en  s o d e s t e r  i t  r a n g e s  froin 0 t o  15008. 



To f a c i l i t a t e  u s i n g  tL~1s nuuber 10 Lne PbP-u it i s  

reproduced  In s t a n d a r d  loxrnat  ( i e .  g x c < u e d  b y  a 2 

and d ~ i t h  t h e  leading bit In t n e  r i a i i t ~ s s a j  i n  t o e  
l e f t  h a l f .  

i ' h i s  f l o a t i n g  p o i n t  aumLer can t n ~ s  range  rc'rorn 

0.5 to 1024.0 (0-1500 in trle x l g n t  n a i f  j .  

Yor many purposes ~t is &ore maa~ingful to A d r K  

$dith b k i e  logar'lthru c i l  t h e  ~ r l c l d e ~ l t  iu tens1 t .y .  hnen 

t h e  l i n / l o g  sivl tch i s  i n  t he  log position t h e  

last six b i t s  a r e  mocili'ied s u c n  Lhat t i l e  r l g ? t  h a l f  

i s  a 10 b i t  value ol 1008*log21 ( s m c e  tLe same 

f l i p - f l o p s  a r e  used t o  s u p o l y  tne l e f t  naif'  old b i t s ,  

t h e s e  t o o  a r e  modif ied  and   he l ~ r t  hall i s  no* 

mesn ing lz s s  - a c t u a l l y  oniy t . 1 ~  L a s t  3 b i t s  a r e  e f f e c t e d  

s o  f o r  sone purposes  it cduld still ue cansiciared 

a u s e f u l  v a l u e ) .  Illhe aethod u s e d  to change the va lue  

t o  log Lase 2 is t o  l e a v e  t h e  cx2onznt urictanged 

and t o  f e e d  t h e  mant i ssa  i n t o  a  t ab l e - look  u p  network 

which f i p d s  a thrsz b i t  c o r r e c c i d n  td be added. !Phis 

c o r r e c t i o n  is always less t han  o r  e q u a l  t o  5. The 

r e l a t i o n  between t n e  va lue  obtained t h i s  ~vag,  J ,and 

t h e  va lue  o b t a i n z d  ln t h e  lzi't-half with th: swi t ch  

t h e  l i n  

Thus 7008 c o r r e s a o n d s  t o  b4.O . 



%hen p r o c e s s i n g  i s  s t d b e c a u s s  of ii din;  c ~ t  u f f ,  t h e  DcF 
(2 i i ~ t  ~n ~ i l e  ldit i l i i L l  rralii) 1s set, aiiu Lha v a ~ u i !  r o e t ~ r n e $  

t o  Lric ~ ~ i i , ~ ~ u t e r  i s  trial, grouucea f r ~ u  t h z   reloada ad 
exponent  ( l e .  ~t v a r i e s  w i th  s ~ + q l a l  t o  n o i s e  r a t i o  

and no t  ~ v i . t n  dinl-cut-off l e v e l ) .  l k e  va lue  a t  which 

t h o  v i d i - s e c t o r  w i l l  j usc  cim-cut-off  o o  i n ' c e n s i t y  

on t h e  i t h e 4 i a n d  v a r i e s  i n  just t n e  o~poosiite *ay and 
( 1 T S )  

t h e  systam,does i n  f a c t  sutstltute t h e  a g p r o p r i a t e  

nuirrber dependend on t h e  s e l e c t e d  dim-cuc-off.  Eu~a ther -  

more i t  i s  p o s s i b l e  t o  o b t a i n  uccaslonal1.y 3 v a l u e  

p a s t  t h i s  p o i n t  because  a f  t h e  s t a t i s t i c a l  n a t u r e  of 

t h e  s l g n a l  - iu. aL t h e  time t h e  dm-cu t -o f f  d e c i s i o n  

~vas  made ~t appeared t h a t  t r ~ e  p o u t  ,vns brie, lt enough 

(remember t h a t  i t  inas only t e e n  measured bki tn  a s i g n a l  

t o  n o i s e  r a t i o  0 a t  t h i s  s t a g d )  a r ~ a  was on more a c c u r a t e  

rieasurement ( i e .  t h i s  cannot  hay2en Anen one 1s u s i n g  

s ib -ya l  t o  n o i s e  13tio 0; found t o  De darker. Suck a 
( ~ T s '  

va lue  i s  a l s o  r e p l a c e d  by t n e  systemAV~il;! l  t h e  e x a c t  

va lue  ;>here dim-cut-off '  should  h a v e  dccured.  See 

P i g  3 f o r  a sumnary of some ol. Lhese S a c t s .  

ivve have noliv a r ~  ived  a t  a  s t a g e  d ~ h e r e  we can c d n s i d e r  

some d f  the  Lnore i n ? ; r i c h t e  i r l t z ~ a c t i o f i s .  cirstly ricite 

t h a t  i t  i s  p o s s i b l e  f o r  t h e  t lme i ju i se  c u u ~ . t e r  t o  

over f low.  l h i s  a i l 1  hay i~en   hen tde a r e  using a  vvery 

low d i m - c ~ t - o f f  s e t t r n g  (0 t o r  example), a i l i u  s i g n a l -  

t o - n o i s e  r a t i o  ( j f o r  e x a n g l e )  s n d  a r e  neasu r rng  a 

p o i n t  a a r k  enough t o  ue near dria-cut-off (a va lue  n e a r  

15008. ifrom p i g 3  i.t can i e  s e e n  Lnat lt 1s f o r  t r l i s  

r e a s o n  t h a t  CE'L=3 and DCL=O has  much t h e  sairie e f f e c t  a s  

CPI=3 and DCL=l. T h i s  i m p l i e s  t h a t  vary  d a r k  p o i n t s  

cannot  be measurea ~ v l L h  t n e  b e s t  s l g n a i - ~ b - r i o i s e  r a t i o .  

An overf low w i l l  cause  b u t h  the L ana the 1 bit i n  t h e  

l e f t  hd l f  word t o  be ~n ( a c t u a l l y  the sys tem o b t a i n s  



t h e s e  b i t s  i n  a n o t h e r  IjO ~ n s t r u c t i m  and ~ j a c c n e s  

t h e m  i n ) .  Proce2dlng + v i t h  t h e  c a s e  CFL=3 and UCL=O 

we f i n d  t h a t  v a l u e s  uetween 123 ' and 150Q (approx . ) (@ Fig 2 )  

w i l l  cause b o t h  t h e  din-cut-dff and t n e  o v e r f l o h  b i t s  

t o  b e  on, w h i l e  p o i n t s  even  d a r k e r  t nan  1300 w i l l  b e  

c a u g h t  og t h e  d im-cut -of f  mecilanism and havz only t h e  

dim-cirt-off b i t  on. S o  one c a n  measure t o  s ~ a e  e x t a r d  

i n  t h i s  range n~rmally i n a c c w , i ~ l e  t a  t h e  u s e r  of CFL=3 ! 

Tihe o t h e r  c o n d i t i o n  u n a e r  whicn o v s r ~ l o h ~  i s  i i ~ e l g  

t o  nappen i s  for CilL=L and LCL=O where as u e s c r l t i e d  

above  i t  i s  , ) o s s i b i e  fox a  i n t e n s i c y  j u s t  b e l d w  t h e  

dsm-cut-off  l e v e l  t a  a v d l d  b e i n g  c a u g h t  b y  it ndw snd 

t h e n  because  ox  t h e  n o i s e  i.1~ this s i g n a l  y e t  on 

more a c c i ~ r a t e  measuxernent c a u s e  t h e  c u u n t e r 8  t o  o v e r f l o w .  

F o r  most p r p o ~ ; e s  all 0ver.f cr:ould r.e t r e a t e d  j u s t  

11,s a c i m - c u t - o f f .  

' l he  o t h e r  e x t r e m e  c ~ ~ ~ d ~ t i o n  i s   to^ s n m l i 4 c o u n t  i n  

t n c  c o u n t e r .  Y h i s  implies t h a t  kvc r l avd  i lot  a e a s u r a a  

t i l e  t lcle accura te ly  ~ L L C ) U P . L  ( and  S L : J C F ?  it is arie dl' t h e  

Xt'actors ln the x t l t i o , i t  : d i l l  C ~ L L T S  t d t *  L O  t t ~ e  s i ~ i s e ) .  

This c a n  unly ~ ~ s : ~ , , e n  v~hen the p u l c c  [yenera tor  has  a 

v e r y   lo^^ f r e p e n c y  a n d  "$2  a r e  LodK1r~g a t  t3 ~ e i y  ~ r l g ~ t  

p o i n t  ( one a l m o s t  bright z n ~ u g h  t o  c a u s e  a n  ANOUA 

YAEIM c o r i d i t i o n ) .  A l s o  i t  i s  extremely un1ikQ;ly e g e p t  

l o r  t h e  CPL=O anci G . b ~ = l  c a s e s .  'i'o a e a i  ~ i c h  tAs  s r o u l e m  

t h e  count 1s tested a s a m s t  8 Yor CFL=O and 16 for 

CPh-L and i f  Less,l ; t ie m t e g r a t i o n  i s  n o t  s l o p p e d ,  t h e  

measurement  b e i n g  taken aL a n i @ e r  s l g n a l  Go n o l s a  

r a t i o  ( a c t u a l l y  t h e  t e s t s  a r e  a l s o  a p p l i e d  i n  t h e  

CPL=2 aria 5 c a s e s ,  b u t  t hey  s ? o u l a n a t + ~  Gay o f f  t h e r e ;  

i f  an a t tempt  is made t o  i n c r e m e n t  t h e  CFL past  3 an 

o v e r f l o w  w i l l  r e s u l t ) .  





PRA C i l  I C1v OF 
CUiTGE'F(F=f+ A$-cjs ) 
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I t  i s   ell known t n a t  i ~ h o t o c a t h o d e s  s u f f e r  t e ~ p o r a r y  

' f a t i g u e  ' ?iihem 1132.ge c u i l e n t  d e n s i t i e s  f low ori cfiem, 
i e .  l ~ i t h  t h e  h igh  vo l t age  a p p l i e d  and h i g h  l n c i a e a t  

l i g h t .  A t  a somewhat h i g h e r  c u r r e n t  u e n s i t y  t h e  

damage is  permanent.  bumage i s  9robabiy  a l s o  p o - s i b l e  

when no v o l t a g e s  a r e  a p p l i e d  and a h i g h e r  

i n t e n s i t y  i s  a p p l i e d  t o  t h e  p h o z ~ c a t h o d e  (':). The 

e f f e c t  i s  thought Lo ue t he rma l  and o c c u r s  b e t w e n  1 

and 1 O P A /  c m 2 .  For JUT v i d i . e c t ~ r . s  t n e  maximum s a f e s t  

c u t r e n t  i s  c o n s i d e r l a  t o  b e ~ 2 p  ii/cm2 ( a u d u t  8 0 r A  for 

t h e  tdhule , h a  t o c n t  hodc when evenly  i l l u m m a t e d j  . u 
f u r t h e r  s a u c e  of p ~ o b l e m s  e x c l s t s  i n  t h e  e l e c t r o n r n u l t i p l .  

where t o o  h i g h  a g a i n  may uamage t n e  l a s t  few dynodes ,  

%hen many e l e c t r o n s  t r a v e l  through t h z  a 4 e r t u r e .  '10 

p r o t e e t  a g a i n s t  Goth of t h e s e  r ~ i s a d v e n t u r e s  tne  o u t p u t  

of  ha e l e c t r o n m u l t i p l i e r  ( i e .  t h e  s ~ g n a l  f e d  i n t o  

t h e  i n t e g r a t o r )  i s  monitored and t n e  h igh  v o l t a g e  supp ly  

i s  t r i p p e d  o u t  ( A N O D ~  ,YARN l i g h t  cones  on)  bvhen a  c u r r e n t  

f loi"tis "vhich nomina l ly  c ~ r r e s p o n d s  t o  2&i/cm2. b a t u r a l l y  

t h i s  w i l l  o n l y  ?rdT;2ct Gle vthole pha1;ocathode i f '  ona s c a n s  

a l l  p o i n t s  on it  .( ! ' resent ly  khcre  c x c l s t  some n ~ s o d ~ j u a t m e n t s  

i n  t h e   stern i n d i c a t i n g  t n a t  e ~ t h e r  t h e  ANOCE AJAR& 

c i r c u i t  t r i p s  ou t  too e a r l y  o r  t he  g a i n  of t h e  c h a i n  

p h o t o m u l t i p l i e r  - i n t e g r a t o r  i s  t o o  low. T h i s  may i n d l c a t e  

t h a t  t h e  e i f c c t i v e  number o f  e l e c t r o n s  counted a t  

a g i v e n  s l g n a l - t o - n o i s e  r a t i u  i s  &rung ,  t h u s  e f f e c t i n g  

the measured s i g n a l  t v  n o i s e  r a t i o  somewhat j t h e  a i s c r  epe~1c.y 

i s  not 1ard;r: here)). 



DISTORTIONS 

The X and Y d e f l e c t i o n  - ~ a l u e s  ( 0-400008 ) s u p p l i e d  

by t h e  PUP-6 a r c  f t d  i n t o  two 14 b i t  UAC c o n v e r t e r s  

which d r i v e  v o l t a g e  t o  c u r r e n t  c o n v e r t o r s .  These i n  

t u r n  d r ~ v e  a  c u r r e n t  .~dhicn may ue s e v e r a l  amperes 

t h rough  t h e  h o r i z o n t a l  and v e r t i c a l  d e f l e c t i o n  c o i l s .  

T h i s  c u r r e n t  is  msasured by s m a l l  s e r i e s  r e s i t o r s  

and f e d  back t o  a l l o w  an  a c c u r a t e  r e l a t i o n  Detwcen 

t h e  v o l t a g e  and the  c u r r e n t .  Because o f  coup l ing  between 

t h e  c o i l s  and a  magnet ic  s h i e l d  su r round ing  them 

t h e i r  r e sponse  i s  r a t h e r  :<low. 

P r e s e n t l y  t h e  s e t t l i n g  

t ime  of  t h e  c a i l s  i s  cons ide red  t o  be less t h a n  '70 s e c s  P 
and t h i s  t ime  is  a l lowed t o  e l a p s e  be fo re  t h e  i n t e g r a t o r  

and t h o  t ime pu l se  countex a r e  s t a r t e d .  

The s t a t i c  f o c u s  c o i l  c a r r i e s  an  a j u s t a b l e  cu r r an5  

Bnd a l l ows  t h e  fo rma t ion  of a  

s h a r p  image on t h e  a p e r t u r e  p l a t e .  Because of xha t  
one might c a l l  c u r v a t u r e  of  f i e l d , a c c u r a t e  focus  does  

n o t  o b t a i n  when X and Y d e f l e c t i o n  c u r r e n t s  a r c  a ~ o p l i e d .  
Reasonably  accur i i te  f o c u s  can be r e s t o r e d  i f  a s m a l l  (-w) 

2 a d d i t i o n a l  f o c u s  c u r r e n t  p r o p o r i i o n a l  t o  X' + Y is 

a p p l i e d .  Yhis is  zermed dynamic f o c u s i n g .  *kho i n t e r a c t i o n  

of a l l  of t h e s e  f i e l d  and qedrnetr ic  i n a c c u r a c i e s  produces 

d i s t o r t i o n s  i n  t h e  i r n a ~ ~ e  which a r e  c o n s i d e r a b l y  l a r g e r  

t h a n  those  found i n  a t y g i c a l  optical irna3ing system. 

F i r s t l y  ons lniould expec t  some r a d i a l  d i s t o r t i o n  

p r o p o r t i o n a l  t o  d2 t 1' , (p in -cuah ion  o r  drum d i s t o r t i o n ) .  
Yur the r  a  t ~ i s t  i n c r e a s i n g  wi th  X' -t y2 ( w i t h  no 



o p t i c a l  sys tem e q u i v a l e n t )  w i l ,  ue f m n d .  Some e r r o r s  

w i l i  depend or1 X and Y on ly .  

A program has  been w r i t t e n  t o  measure t h e  g o s i t i a  

i n  address - space  of a  10. by  10. g r i d  of p o i n t s  

p o j e c t c d  on t h e  photoca thode ,  Ifhe above e r r o r s  

a r e  p r e s e n t  and account  f o r  ps rhaps  h a l f  o f  t h e  

c l i s t o r t i o n  - t h e  r e s t  i s  h i g h l y  uns, mmecrical and 

canco t  be s o  e a s i l y  exp la ined  and ~ a r a m e t e r i s e d .  

E'or t n i s  r e a s o n  a  10.  by 10 ,  m a t r i x  of X and  Y 

v a l u e s  i n  a d a r e s s  s a c e  of' t h e s e  poinzs i s  s t o r e d  

on DSK. and can be uszd ;n m t e r g o l a t i o n .  See F i g  % 

f o r  a  t ; raphic  demons tca t ion  of t h e s e  d i s t o r t i o n s .  

Also F i g  5 i s  a Program usi:q~; ttilese t a b l e s .  

l h e  photocathode has  a  nun-unif orm s z n s i t i v i t y ,  

a s i d e  from ve ry  l d c a l  pher?oruena such  a s  I ? a i = l e r ' s  

c r a t e r s  (about  25 a r s a s  uf about 0.5 mm 4iameLer 

i v i t f i  l e s s  t h a n  n a l f  t n e  ndrrnal : e m i t l v i - c y ) .  Aside 

from v e l y  s m a l l  v a r i u t i ~ n s  a v e r  t n e  o r a e r  o f  a fekv 

mrn's t h ~ s  non-uniidrinicy v a r i e s  smmdthly and can 

t h u s  e a s i l y  be i n c o r p o r a t e u  in t ne  above LO.  by 10. 

i n t e r i j o , a t i d r l  s u i j r o u t l ~ l e .  , e ~  rig. 7 fo r*  a 

c o n t u u r  mau of the  s z n s i t i v ~ t y  u f  t he  p i , ~ t ~ c a r ; i l a e  

alone (measured by c i u s i n g  t n e  L r l s  L U  L O  mu 

a2 arneter ,  remdvlng tue  i z n s ,  , l a c .~ r i&  a p i e c e  o f  

t r a c i x l ~  +ape r  i n  f r o i i t  of  t i le i r ls  and ;roduc~.ng a 

, o r e  o r  l e s s  uniform i lLu~t i inaLlm of tLlls t r a c i n g  

paper  b y  p l a c i n g  a l a r g e  ~ ~ n i t e  s n e e t  i n  f r o n t  of  t h e  

d ~ h ) .  i h i s  iiiap c o r x e l a t e s  w l l  w i t n  measurements 

made rn  o t h e r  ways "41th tne  lens on and t h e  iris c lo sed  

down. With t h e  iris f u l i y  open,  a  l a r q e  nunuex 0 2  

over l app ing  c d r j s t r i c t i c ~ n s  caus s  s e r i o u s  v1gnet;ing 

and a r a p i d  d r o p  u i  l u  system s e n s i t i v i t y  t b ~ a r d s  

t h e  cage of the f i e l d  o i  v 1 6 ~ r  (bee .F ig  8 j 



REFLEC SCRIPT 69:06:15 09:21:29 
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XUD= 188,36%XD+ -1.01WD+8174.7 



P i g  5 c o n t a i n s  t h e  i n t e r p o l a b i o n  f u l u i l l a  found 

when Iitting a f u n c t i o n  a,, 4 9 . , r  i- q(O 2 +4,, 3 %  

t o  t h e  v a l u e s  a t  L h e  f o u r  c o r n e r s  d f  a l i t  ,Le 

d lernenta l  square i n  t h e  grld. The photocathode 

s p a c e  i s  measured i n  m ~ ' s  from t h e  apploximate  c e n t r e  

of  the photocathode.  Y i s  measured ciom t o  s i lovi  

a right Landed sys tem ~ l t h  L g o i ~ ~ t i n g  towards  t he  

s c s n e  from t h e  L Y d .  Y h e  drlen~atiorr ctis siio~vn is 

that which would appear  on t h e  i ~ o n i L o r  (nence 

i n v e r t e d  i r ~  b o t h  X ana Y a s  f a r  a s  t h e  back "f t h e  

photooathode i s  concdn lea ) .  Cosvo iu t ions  a i t h  

larger s u p v o r t  ( r a t h . e ~  t h e n  t h e  4 p o i n t s  chasen n e r e )  

could be used, but l i t t l e  e x t r a  accuracy  can K J ~  expected.  

Also a v a i l a b l e  i s  a  Geas t  s q u a r e s  l i n e a r  a2prox imat ion  

x r q k  X D  + 4 j c 3  Y D  + X, 
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I). 





P r i n c i p l  

Planes 

1 1 -  L e n s  



POCkL LEHGTH: 164 mm 

IdAXIMUM F STOP: 3 . 3  



80 mm Hasse lb l ad  : 

Lens  

%aunt 

FOCAL LZfiGTH: 80 mm 
LAXI&IUM F STOP: 2.8 

N o t e :  Open Iris i n  Lens mount t o  a v o i d  d i g n e t t i n g .  
A slide a d a p t o r  i s  a v a i l a b l e  f o r  t h i s  lens. 



I 

LL' 

e 









LIST OF BEELER'S CRATERS ON NEW VIDISSECTOR PHOTOCATHODE 

Size  (mm) 

.33 

.25 

.25 

.25 by .40 

.25 by .33 

.28 

.17 

.18 

.35 

.12 by .33 

.12 

.17 

.50 

.12 by .40 

.08 by .20 

.33 

.33 

.25 

.08 by .25 

.16 by .40 

.16 by .40 

.16 by .85 

'Volume' ( a r b i t r a r y  s c a l e )  



The o ld  v i d i s s e c t o r  can be acces sed  shrough t h e  video- 

p r o c e s s o r  much t h e  same way as t h e  new one. Layor 

d i f f e r e n c 6 s  e x c i s t  in n o i s e  l e v e l s :  

CPL Noise (varkance)/signal(average) 

NEW OLCI 

'There a l s o  e x c i s t  +umber of i n t e r a c t i o n s  i n  t h e  s i r i n g  

c a u s i n g  bo th  iileasured i ~ l t e n s i t y  and n o i s e  t o  vary  w i t h  

t h e  s t a t e  of o t h e r  e l e c t r i c a l  equipment n e a r  by. 

Tho lens is a Canon F1.3 Zoom l e n s  ( 15 mm - la0 ma) 
(which seems t o  have t a o  small a f i e l d  of view f o r  t h e  

pho toca thode )   he zoom and f o c u s  s e r v o  d a t a  can be 

found i n  the f o l l o w i n g  t a b l e :  

Func t ion  I n p u t  Output L j m i t s  

Zoom 25 65 2313 - 4000. 
Focus 26 64 850. - 4000. 

Because of t h e  n o i s y n e s s  of t h e  Idoni to r -d i sp lay  it  
was n o t  i ~ o s s i b l e  t o  s e t  u p  e x p x i m e n t s  t o  measure 

t h e  paramete rs  found t h e  new v i d i s s e c t o r .  

'l'he lens i s  c o n ~ e c t e d  t~ a 1.6 t i m e s  ex,,pander which 

changes  is  f i e l d  of v i e g ~  t o  tne r e c p i r e d  26 mm, i t s  

f-number t o  2.08 (nominally) and its f o c a l  l en&ch t o  

241 mm - 1 9 %  mm. 



anon MANUAL ZOOM LENS V 8  X 15 
15mm-l20mm F1.3 

BRIGHTEST 1:1.3 - 8 TIMES MANUAL ZOOM LENS 

The image is superbly sharp even at maximum aperture opening and espe- 
cially so when the aperture is closed down. Because aberration correction 
has been made for vidicon and 16 mm film camera use. 
Brightest 16 mm zoom lens with f 1.3 speed for entire 15-120 mm zoom 
range. 
Constant focus through entire zoom range. 
Finest color correction by patented "spectra" coating with amber and 
magenta colors. 
Anti-reflection multicoating: Prevent loss of lightflares and ghosts to the 
lens surfaces. 
Most satisfactory performance assured by 3 0  years of proven lens research 
and manufacture. 

AUTHORIZED SALES 

N E W  YORK, N.Y 10036 
21 2/581-2970 






