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INTKODUCT I O N  

LLL 
The Apol lo  ~ e l e k c o ~ e  Mount (ATM) scheduled f o r  launch i n  1971 i s  t o  be a  

anned e a r t h - o r b i t i n g  experiment f o r  s tudying  s o l a r  phenomenon wi thcu t  t h e  d i s t o r -  

i ons  and a b s o r p t i o n s  of t h e  e a r t h ' s  atmosphere. This  space s t a t i o n  designed f o r  

a cont inuous  56-day miss ion  c o n s i s t s  of a  t e l e scope  package ( the  ATM), a  c o n t r o l  

cab in  (a modif ied Lunar ~ o d u l e )  , and crews'  q u a r t e r s  (a modified Sa turn  S-IVB 

s t a g e  l i q u i d  hydrogen f u e l  t a n k ) .  See f i g u r e  1 f o r  an  a r t i s t ' s  concept of t h i s  

c o n f i g u r a t i o n .  An a l t e r n a t e  con f igu ra t ion  where t h e  c o n t r o l  console  i s  loca t ed  i n  

t h e  S-IVB s t a g e  (dry workshop) wi thout  t h e  use of a  Lunar Module i s  a l s o  be ing  

cons ide red .  D i r e c t  viewing of t h e  t e l e scope  images by t h e  a s t r o n a u t  i s  i m p r a c t i c a l  

because of environmental  and phys i ca l  space cons ide ra t ions  and because of a s t r o -  

naut  f a t i g u e .  To enable  t h e  a s t r o n a u t  t o  ope ra t e  wi th  maximum e f f i c i e n c y  and 

minimum f a t i g u e  and t o  a l l ow more v e r s a t i l i t y ,  a  c losed  c i r c u i t  TV system has  been 

designed f o r  t h e  ATM. 

S e v e r a l  s o l a r  experiments  w i l l  be conducted aboard t h e  ADI. It i s  n o t  t he  

i n t e n t  of t h i s  paper ,  however, t o  d e s c r i b e  t h e s e  experiments b u t  r a t h e r  t o  d e s c r i b e  

t h e  TV system used i n  suppor t  of t h e s e  experiments .  To enable  a  b e t t e r  understand-  
'.. 

i n g  of t h e  func t ion ing  of t h e  TV System, a  b r i e f  d e s c r i p t i o n  w i l l  be  given of 

t h o s e  experiments  which con ta in  a  t e l e v i s i o n  cainera. 

ATM I-I-Alpha Telescope 

The AThl I.!-Al.pha t e l e scope  i s  r equ i r ed  f o r  po in t ing  c o n t r o l  of t he  AT>,i toward 

s p e c i f i c  a r e a s  of t h e  sun. This  t e l e scope  con ta ins  a 0 . 7  Angstrom Fabrey-IJcrot 

0 

i n t e r f e r e n c e  f i l t e r  a t  hydro gel^ ~ l p h a  frequency (6563 A )  and has a 5 : l  zoom 
v 

- c a p a b i l i t y  ( 7  t o  35 a r c  mi:lutcc). Because of t hc  n a r r o w  s p e c t r a l  :>andwjd th  - - 
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approximately 0.5 foo tcand le s  of l i g h t  a r e  a v a i l a b l e  f o r  t he  t e l e v i s i o n  camera. No 

f i l m  camera i s  i n s t a l l e d  on t h i s  te lescope .  

HCO H-Alpha Telescope 

The Harvard CoTlege Observatory (HCO) H-Alpha t e l e scope  i s  r equ i r ed  f o r  

photographing t h e  sun a t  H-Alpha frequency and con ta ins  t h e  same type  i n t e r f e r e n c e  
0 

f i l t e r  a s  t h e  ATM H-Alpha t e l e scope  (6563 A). The l i g h t  l e v e l  a v a i l a b l e  t o  t h e  

t e l e v i s i o n  camera i s  l e s s  t han  t h a t  of t h e  HCO H-Alpha Experiment (appypximaEely 

0 .1  foo tcand le )  because 10 percent  o f  t h e  l i g h t  must be s p l i t  o f f  t d  f h e  f i l m  

camera and because t h e  t e l e scope  zoom range i s  d i f f e r e n t  (4.5 t o  22 arc m i w f e s ) .  

NRL XW Telescope 

  he Naval Research Laboratory (NRL) Extreme Ul t ra -Viole t  (XW) t e l e scope  i s  
0 

r e q u i r e d  f o r  s tudy ing  t h e  s u n ' s  image a s  seen through a  150 t o  600 A f i l t e r  w i th  

a 42 a r c  minute f i e l d  of view. A s p e c i a l  conversion l a y e r  which conve r t s  t h e  150 

0 

t o  600 A s p e c t r a l  r e g i o n  of t h e  sun t o  wh i t e  l i g h t  i s  depos i ted  d i r e c t l y  on t h e  

f a c e p l a t e  of t h e  SEC TV camera by t h e  Aerospace Div is ion  of Westinghouse i n  

Bal t imore ,  Md. Depending on the  p a r t i c u l a r  s o l a r  phenomenon be ing  viewed, t h e  

l i g h t  i n t e n s i t y  a v a i l a b l e  t o  t h e  TV camera v a r i e s  from 5  x t o  1 .5  x 10-I  

foo tcand le s .  No zoom i s  a v a i l a b l e  i n  t h i s .  t e l e s c o p e .  

Th i s  t e l e s c o p e  a l s o  has  t h e  c a p a b i l i t y  t o  view t h e  sun d i r e c t l y  i n  wh i t e  

l i g h t  through t h e  Image Di s sec to r  TV Camera. I n  t h e  whi te  l i g h t  mode the  caniera . 
f i e l d  of view i s  3 a r c  minutes wh i l e  viewing a 2 x  60 a r c  second s l i t  s u p e r i ~ ~ p o s e d  

on t h e  sun.  No f i l m  c a m e r a - i s  i n s t a l l e d  on t h i s  t e l e s c o p e .  

HA0 WLCE Telescope 

The High A l t i t u d e  Observatory (HAO) TIThite Light  Coronagraph Experiment (IJLCE) 

i s  r equ i r ed  f o r  viewing of t h e  s u n ' s  corona i n  whi te  l i g h t .  An o c c u l . ~ i p g  d i s c  

which b locks  ou t  t h e  r a d i a t i o n  from t h e  s o l a r  d i s c  i s  i n s t a l l . ed  i n  t h e  telescope, 
e 

and the  r e s u l t i n g  energy from the corona i s  ixagcd 011 e i t h e r  a  fi.11~1 o r  a TI' camera. 



The f i e l d  of view o f  t h i s  t e l e s c o p e  i s  6 s o l a r  d iamcters  (192 a r c  minutes) .  

COMPONENTS 

The ATM TV System ( see  f i g u r e  2) c o n s i s t s  of f i v e  (5) TV cameras, a  sync 

g e n e r a t o r ,  two (2) v'ideo swi tches ,  and two (2) c losed  c i r c u i t  t e l e v i s i o n  monitors  - 
t h e  same g e n e r a l  type  components one would f i n d  i n  a  t y p i c a l  commercial t e l e v i s i o n  

s t u d i o ,  b u t  t h e  s i m i l a r i t y  between t h e  ATM TV components and commercial components 

i s  i n  name and ou tpu t  waveforms only .  A l l  of t h e  ATM TV System components a r e  

h i g h l y  r e l i a b l e ,  s t a t e  of t h e  a r t  dev ices  capable of wi ths tanding  t h e  launch  envi -  

ronment of t h e  Sa tu rn  I B  and then  ope ra t ing  unattended i n  t h e  t o r t u r i n g  thermal  

vacuum environment of space.  

TV Cameras - ~ e n e r d  

A t o t a l  of f i v e  TV cameras i s  used on t h e  ATM t o  r e l a y  s o l a r  d a t a  from t h e  

t e l e s c o p e  t o  t h e  a s t r o n a u t :  two s tandard  v id i con  cameras, two low l i g h t  l e v e l  

SEC cameras, and one image d i s s e c t o r  camera. A l l  cameras ope ra t e  a t  s tandard  

scan  r a t e s  conforming t o  EIA Standard RS-170 except  t h a t  a  1:l a s p e c t  r a t i o  i s  

used i n s t e a d  of  3 : 4 .  The l i n e  frequency i s  15,750 Hz and the  f i e l d  r a t e  i s  60 Hz 

w i t h  2 : l  i n t e r l a c e .  I n d i v i d u a l  cameras have n o . i n t e r n a 1  sync gene ra to r s  and must 

b e  synchronized e x t e r n a l l y  by t h e  a p p l i c a t i o n  of bo th  h o r i z o n t a l  and v e r t i c a l  

d r i v e  p u l s e s .  Dual i s o l a t e d  noncomposite v ideo  outputs  of  1.0 Vpp a r e  provided 

on a l l  cameras.  

The v i d i c o n  and SEC cameras have s e v e r a l  s p e c i a l  f e a t u r e s  t h a t  i n c r e a s e  t h e i r  

v e r s a t i l i t y .  I n  a  case  such a s  viewing t h e  s u n ' s  corona where the  l igh t .  l e v e l  i s  

v e r y  low, t h e  image may be manually i n t e g r a t e d  f o r  s e v e r a l  frames o r  even s e v e r a l  

seconds t o  improve image q u a l i t y  by remotely commz.nding t h e  camera t o  t h i s  mode. 

The readout  t ime of t h i s  d a t a  i s  very s h o r t  - a frame o r  two - but  t h i s  technique 

h a s  been found t o  be va luab le  when used by a  t r a i n e d  observer  looking f o r  f a m i l i a r  
e 

d a t a .  The v i d i c o n  and SEC calneras call be wired f o r  e i t h e r  aut:on~n'tic (AGC) ,  mnnual, 





o r  remote g a i n  c o n t r o l  enab l ing  them t o  adapt  t o  any l i g h t  cond i t i ons .  

Vidicon and SEC Cameras 

The v i d i c o n  and SEC camera systems a r e  i d e n t i c a l  except  f o r  t h e  type  senso r  

used and except  f o r  'any p e r i p h e r a l  e l e c t r o n i c s  and hardware p e c u l i a r  t o  t h e  SEC 

v id i con .  Both cameras use  t h e  same e l e c t r o n i c  c i r c u i t r y  except  f o r  t h e  d i f f e r e n t  

t e s t  s e l e c t  components and c r o s s  connects  t h a t  a r e  used t o  adapt  t h e  c i r c u i t r y  f o r  

t h e  s t anda rd  v i d i c o n  o r  f o r  t h e  SEC. The d e f l e c t i o n  assembl ies  f o r  t h e  two cameras 

a r e  d i f f e r e n t  because of t h e  d i f f e r e n c e s  between t h e  two types  of  v id i cons .  S ince  

t h e  SEC v i d i c o n  r e q u i r e s  approximately -8 KV t o  ope ra t e  t h e  image sec t ion ,*  a  h igh  

v o l t a g e  power supply  i s  r e q u i r e d  i n  t h i s  camera t h a t  i s  n o t  r equ i r ed  i n  t h e  s tandard  

v id i con .  Because t h e  SEC v i d i c o n  i s  p h y s i c a l l y  l a r g e r  than  a  s tandard  v i d i c o n  and 

because a  h igh  v o l t a g e  paver supply i s  r e q u i r e d ,  t h e  housing f o r  t h e  SEC camera 

i s  l a r g e r  t han  t h e  housing f o r  t h e  v id i con  camera. The approach of conmonality 

f o r  t h e s e  two des igns  was s e l e c t e d  t o  conserve c o s t ,  s i m p l i f y  manufacture,  and t o  

pr.ovide g r e a t e r  v e r s a t i l i t y  du r ing  r e p a i r  ope ra t ions .  

Vidicon Camera Block Diagram 

The b l o c k  diagram f o r  t h e  s tandard  v id i con  and SEC v id i con  ca.meras i s  shown 

i n  f i g u r e  3 .  

The RCA 4503 ruggedized s e p a r a t e  mesh v i d i c o n  was s e l e c t e d  f o r  use j.n t h e  

s t anda rd  v i d i c o n  camera because of i t s  e x c e l l e n t  parfonnance c h a r a c t e r i s t i c s  and 
<-. 

a b i l i t y  t o  w i ths t and  s seve re  v i b r a t i o n  environment. F l i g h t  tubes  a r e  s e l e c t e d  

f o r  b e s t  s e n s i t i v i t y  and uniformity wi th  minimum blemishes and minimum da rk  

c u r r e n t .  Because h igh  r e s o l u t i o n  i s  n o t  r equ i r ed  f o r  t h e  ATM miss ion ,  t h e  tube  

i s  opera ted  i n  t h e  low r e s o l u t i o n  mode. High qual-ity p i c t u r e s  a r e  a v a i l a b l e  

down t o  0 . 1  foo tcand le  and good usab le  pi .c tures  a r e  poss ib l c  down t o  i l l u rn ina t inn  

of 3 x f ootcandlcs .  



* .  
cam dock diagrams. 



Focus, a l ignment ,  and d e f l e c t i o n  c o i l s  a r e  pot ted  i n t o  a  s i n g l e  assembly t o  

prevent  movement of t h e  c o i l s  r e l a t i v e  t o  one another  dur ing  launch v i b r a t i o n  and 

t o  s i m p l i f y  assembly and checkout .  A f t e r  i n i t i a l  e l e c t r i c a l  s e t u p  and mechanical 

a l ignment ,  t h e  4503 'vidicon i s  pot ted  i n t o  t h e  d e f l e c t i o n  and focus assembly t o  

f i x  it i n t o  p o s i t i o n .  

The p r e a m p l i f i e r  c i r c u i t r y ' e m p l o y s  a  h igh  ga in  f i e l d  e f f e c t  t r a n s i s t o r  t o  

g a i n  a  v e r y  low equ iva l en t  n o i s e  c u r r e n t  a l lowing the  camera t o  ope ra t e  a t  very  

low s i g n a l  c u r r e n t s  and,  t h e r e f o r e ,  lower l i g h t  l e v e l s .  P a r t i c u l a r  a t t e n t i o n  i s  

paid t o  grounding and s h i e l d i n g  t o  keep no i se  pickup t o  a  minimum. It i s  d e s i r a b l e  

t o  keep t h e  l eng th  of t h e  lead  connect ing t h e  v id i con  t a r g e t  t o  t h e  p reampl i f i e r  

i npu t  a s  s h o r t  a s  p o s s i b l e  and sh i e lded .  It was found t h a t  t h e  use of RG-l87A/u 

m i n i a t u r e  coax provided t h e  b e s t  compromise between phys i ca l  s i z e  and shunt capac i -  

t a n c e .  Shunt capac i t ance  a t  t h e  p reampl i f i e r  i npu t  i s  of g r e a t  inpor tance  because 

of i t s  e f f e c t  on bandwidth, i . e . ,  t h e  h ighe r  t h e  shunt  capac i t ance ,  t h e  lower t h e  

bandwidth of t h e  p reampl i f i e r  because of i t s  shunt ing  e f f e c t  on t h e  t a r g e t  load 

r e s 5 s t o r .  It then  f o l l o x ~ s  t h a t  t h e  h igh  peaker c i r c u i t r y  i n  t h e  camera c o n t r o l  

. u n i t  must s t a r t  o p e r a t i o n  a t  a  lower f r equency- to  keep t h e  o v e r a l l  bandwidth f l a t ,  

and ,  t h e r e f o r e ,  t h e r e  i s  a  corresponding inc rease  i n  output  n o i s e  l e v e l .  

Vidicon b l ank ing  i s  accomplished by sampling a  po r t ion  of t he  h e r i z o n t a l  and 

v e r t i c a l  def l -ec t ion  c u r r e n t ,  ampl i fy ing  t h e s e  s i g n a l s ,  and apply ing  them t o  t h e  
L, 

v i d i c o n  cathode.  Th i s  c i r c u i t r y ,  a l s o ,  s e rves  t o  p r o t e c t  the  v id i con  t a r g e t  i n  

c a s e  of  sweep f a i l u r e  by "cutti .ng o f f "  t h e  tube .  

To conserve power, a resonant  type  h o r i z o n t a l  def lec t i -on  c i r c u i t  i s  used .  A 

s i l i c o n  NPN 2N3902 t r a n s i s t o r  i s  used i n  conjunct ion with a s e r i e s  l i n e a r i t y  c o i l  

t o  ach ieve  a h o r i z o n t a l  l i n e a r i t y  of t y p i c a l l y  1 . 5  percent .  

The focus  c o i l  c u r r e n t  i s  maintained a t  c o r r e c t  l e v e l s  by use  of a feedback 

a m p l i f i e r  scheme us ing  n 703 i n t e g r a t e d  c i r c u i t  arnpli f i e r  . 



Because of t h e  v e r y  low p reampl i f i e r  equ iva l en t  n o i s e  c u r r e n t ,  i t  was found 

e a r l y  i n  t h e  development s t ages  of t he  camera system t h a t  extreme ca re  would be 

n e c e s s a r y  t o  preserve  t h e  good no i se  c h a r a c t e r i s t i c s  of t h e  p reampl i f i e r .  The 

swi t ch ing  t r a n s i e n t s '  coming from the  d .  c .  t o  d  . c .  conve r t e r  i n  t h e  low vo l t age  

" 

power supply had t o  be  very  c a r e f u l l y  f i l t e r e d  from a l l  l i n e s  d r i v i n g  t h e  v id i con  
, . 
.I 

t ube  o r  running  i n  i t s  v i c i n i t y .  

SEC Camera Block Diapram 

S ince  t h e  SEC v i d i c o n  employs a  s tandard  v id i con  e l e c t r o n  gun assembly, t h e  
. , 

c i r c u i t r y  a s s o c i a t e d  w i t h  t h i s  p a r t  of t h e  tube i s  e i t h e r  i d e n t i c a l  o r  ve ry  s i m i l a r  

t o  t h e  s t anda rd  v id i con  c i r c u i t r y  a s  mentioned be fo re ,  and, t h e r e f o r e ,  t h e  d e s c r i p -  

t i o n  g iven  above f o r  t h e  p r e a m p l i f i e r ,  h o r i z o n t a l  d e f l e c t i o n ,  focus c u r r e n t  r e g u l a t o r ,  

f i l t e r ,  and b l ank ing  and sweep p r o t e c t  c i r c u i t r y  a p p l i e s  a l s o  t o  t h e  SEC camera. 

The SEC v i d i c o n  i s  d i f f e r e n t  from a  s tandard  v id i con  because i t s  t a r g e t  con- 

s t r u c t i o n  i s  d i f f e r e n t  and because i t  employs an e l e c t r o s t a t i c a l l y  focused image 

s e c t i o n  t o  ach ieve  s e n s i t i v i t y .  The manufacturer of t h e  tube adv i se s  a g a i n s t  us ing  

t h e  T a r g e t  v o l t a g e  a s  a  means of tube  ga in  c o n t r o l  and,  t h e r e f o r e ,  a  f i x e d . t a r g e t  

v o l t a g e  i s  a p p l i e d .  The suppressor  mesh a s s o c i a t e d  wi th  t h e  t a r g e t  a l s o  must be 

supp l i ed  w i t h  a  f i x e d  v o l t a g e *  

The image s e c t i o n  supply  vo l t age  f o r  t h e  SEC v id i con  i s  obtainetl  from a  minia- 

t u r e  h igh  v o l t a g e  power supply ( see  f i g u r e  3 ) .  This  u n i t  provides an output  vo l t age  
'.. 

v a r i a b l e  from z e r o  t o  -8 KV t h a t  i s  con t ro l l ed  by a  low vo l t age  inpu t  v a r i a b l e  

from 0 t o  8 v o l t s .  The g a i n  of  t h e  SEC v id i con  i s  c o n t r o l l e d  by t h i s  v o l t a g e ,  i . e . ,  

maximum s e n s i t i v i t y  i s  a t  -7.5 KV and minimum s e n s i t i v i t y  i s  a t  -2.5 KV. This  

power supply  i s  synchronized t o  t h e  h o r i z o n t a l  l i n e  r a t e  so  t h a t  ou tput  r i p p l e  may 

b e  kep t  out: of t h e  t e l e v i s i o n  p i c t u r e  by h id ing  i t  i n  t h e  h o r i z o n t a l  b lanking  

i n t e r v a l .  Ripple  must no t  exceed 0.025 percent  (.00025) a t  tlie l i n e  frequency t o  
8 

be t o l e r a b l e  because of r a d i a t i o n  from t h e  jmage s e c t i o n  t o  t h e  t a r g e t  of t11c tube .  



SEC Vidicon 

The SEC v i d i c o n  i s  a  r e l a t i v e l y  new low l i g h t  l e v e l  imaging device  t h a t  i s  

approximate ly  30 t imes  more s e n s i t i v e  than  a  s tandard  v id i con .  The tube  provides  
, 

i t s  f u l l  r e s o l u t i o n  c a p a b i l i t y  (550 TV l i n e s  wi th  3:4 a spec t  r a t i o )  down t o  an 

.;". i l l u m i n a t i o n  of 3 x lom3 foo tcand le s  and provides 200 TV l i n e s  a t  5  x f o o t -  

candle  s . 
The SEC v i d i c o n  ach ieves  i t s  g r e a t e r  s e n s i t i v i t y  by t h e  use  of a s p e c i a l  KCL 

t a r g e t  and a  d iode  image s e c t i o n .  The e l e c t r o n  image formed by a  S-20 photocathode 

is a c c e l e r a t e d  toward and focused on t h e  KCL t a r g e t  by t h e  image s e c t i o n  w i t h  

cons ide rab le  energy (-8 KeV). Secondary e l e c t r o n  conduction (SEC) occurs  caus ing  

t h e  t a r g e t  t o  charge  t o  .a h ighe r  v o l t a g e  providing an equ iva l en t  l i g h t  ga in  and,  

t h e r e f o r e ,  an  i n c r e a s e  i n  s e n s i t i v i t y .  

The SEC scanning mechanism i s  i d e n t i c a l  t o  a  s e p a r a t e  mesh v id i con  except  

f o r  t h e  a d d i t i o n  of one a d d i t i o n a l  g r i d  - t h e  suppi-essor g r i d  (G5). This  g r i d ,  

l oca t ed ,be tween  G4 and t h e  t a r g e t ,  i s  r equ i r ed  t o  keep t h e  t a r g e t  from charg ing  

t o  t o o  h i g h  a p o t e n t i a l  where t h e  t a r g e t  "crosses  over" and v ideo  inve r s ion  

occurs .  Th i s  one element i s  t h e  cause of t he -ma jo r  problems of t he  SEC vi.dicon. 

I t s  presence l i m i t s  t h e  r e s o l u t i o n  of t h e  SEC t o  550 TV l i n e s  maximum and p re sen t s  

a cont inuous  danger of p o s s i b l e  damage dur ing  tube  i n s t a l l a t i o n  o r  camera r e p a i r .  

The G5 and t a r g e t  a r e  p h y s i c a l l y  l oca t ed  so  c l o s e  t o  one another  and a r e  so t h i n  '., 
t h a t a  .stc?tic charge app l i ed  between the  two elements w i l l  p u l l  th.em t o g e t h e r  caus-  

i n g  t h e  KCL t o  p u l l  o f f  t h e  t a r g e t  on to  the  G 5  o r  causing complete d e s t r u c t i o n  of 

t h e  t a r g e t .  S p e c i a l  s a f e t y  p recau t ions  w i l l  prevent  t h i s ,  b u t  t h e  danger i s  always 

t h e r e .  Th i s  c l o s e  spac ing  of t h e  G5 and tai-gct a l s o  accounts  f o r  t h e  upper v i b r a -  

t i o n  l i m i t  of 15 g ' s  on the  tube .  

The useful. 1 i f e t j . m ~  of t h e  t ube  i s  a t  present: n o t  a  w e l l  dcf incd paramater,  
0 

and p re l imina ry  l i f e  d a t a  causes some concern. TJ i th  maxiriiur~~ tub6 loading  - a 
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f i x e d  b l a c k  and w h i t e  coa r se  b a r  c h a r t  a c r o s s  t h e  tube  - usab le  l i f e t i m e  i s  approxi -  

mate ly  500 hour s .  It i s  f e l t  t h a t  t h i s  t e s t  i s  no t  v a l i d  s i n c e  such a  s t a t i c  h igh  

c o n t r a s t  scene  i s  very  seldom encountered i n  a c t u a l  use.  One normally encounters  

, 
a lower c o n t r a s t  dynamic scene t h a t  i s  much e a s i e r  on t h e  tube  t han  t h e  coa r se  b a r  

c h a r t .  T h i s  f a c t  should enab le  t h e  t ube  t o  be  used f o r  a t  l e a s t  4000 t o  5000 hour s .  

O v e r a l l ,  t h e  SEC v i d i c o n  i s  a  good r e l i a b l e  device  and i s  q u i t e  u s e f u l  where 

s e n s i t i v i t y  i s  of  prime concern a n d  h igh  r e s o l u t i o n  and f i d e l i t y  i s  .not r e q u i r e d .  

Camera C o n t r o l  Unit  Block Diagram 

The camera c o n t r o l  u n i t  f o r  t h e  SEC and v id i con  cameras has  t h r e e  primary 

f u n c t i o n s :  g e n e r a t i o n  o f  t h e  necessary  v o l t a g e s  r e q u i r e d  throughout  t h e  camera 

system, g e n e r a t i o n  of t h e  v e r t i c a l  sweep waveform, and process ing  of t h e  v ideo  

r e c e i v e d  from t h e  camera head. The camera c o n t r o l  u n i t  block diagram i s  shown 

i n  f i g u r e  3 .  

Low Vol tage  power Supply 

The low v o l t a g e  power supply i s  r e q u i r e d  t o  ope ra t e  w i t h i n  s p e c i f i c a t i o n  

l i m i t s  over  t h e  i n p u t  v o l t a g e  range  o f  24 t o  32 v o l t s  d . c . ,  b u t  t h e  u n i t  w i l l  

a c t u a l l y  o p e r a t e  from 16 t o  45 v o l t s  d .c .  w i t h - o n l y  s l i g h t  deg rada t ion  of  

o u t p u t  c h a r a c t e r i s t i c s .  For  maximum e f f i c i e n c y ,  t h e  u n i t  uses  a  v a r i a b l e  pu l se  

wid th  t ype  swi t ch ing  c i r c u i t  f o r  d . c .  t o  d .c .  convers ion .  Regulated ou tput  v o l -  

t a g e s  of 450, -100, 4-40, and t-20 v o l t s  and unregula ted  ou tpu t s  of 4-20, 4-14, and 
'-. 

-14 v o l t s  a r e  provided.  I n  a d d i t i o n ,  a  f i l a m e n t  c u r r e n t  source  of 135 t o  300 ma 

i s  a l s o  provided .  

Because t h e  SEC v i d i c o n  v o l t a g e s  must be  tu rned  on i n  a  c e r t a i n  sequence, 

t i m e r s  a r e  r e q u i r e d  i n  t h e  low v o l t a g e  power supply.  \ h e n  primary power i s  

a p p l i e d  t o  t h e  camera c o n t r o l  u n i t ,  a l l  v o l t a g e s  a r c  irnnlediately gene ra t ed ,  bu t  

two v o l t a g e s ,  t h e  4-40 V and -1-20 V r egu la t ed  bus se s ,  a r e  rou t ed  through time-delayed 
* 

swi t ches .  A f t e r  a  60-second d e l a y  t h e  $40 V buss i s  a p p l i e d ,  and a f t e r  an 
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a d d i t i o n a l  5 seconds,  t h e  4-20 v o l t  buss  i s  app l i ed .  Th i s  sequence i s  r equ i r ed  t o  

p r o t e c t  t h e  t a r g e t  of t h e  SEC v id i con .  The 60 seconds i s  allowed f o r  t h e  cathode 

t o  come up t o  tempera ture ,  t hus  e s t a b l i s h i n g  t h e  beam be fo re  t h e  t a r g e t  and suppres-  

, 
s o r  mesh v o l t a g e s  a r e  a p p l i e d  - t h e s e  v o l t a g e s  a r e  generated f r m  t h e  +40 v o l t  

, b u s s .  F ive  seconds t h e r e a f t e r ,  t he  +20 v o l t s  i s  app l i ed  t o  t h e  h igh  v o l t a g e  power 

supply  which powers t h e  SEC image s e c t i o n .  A de l ay  i s  needed he re  t o  a l low t h e  

t a r g e t  t o  be "scanned o f f "  p r i o r  t o  being exposed t o  an image from th'e image 

s e c t i o n .  

An i n p u t  LC f i l t e r  i s  provided a t  t h e  +28 v o l t  i n p u t  t o  t h e  supply t o  enable  

t h e  u n i t  t o  meet a l l  t h e  requi rements  of NIL-I-6181D and t r a n s i e n t  s p e c i f i c a t i o n s .  

The low v o l t a g e  power supply  i s  synchronized t o  t h e  h o r i z o n t a l  l i n e  r a t e  t o  

improve p i c t u r e  n o i s e  l e v e l s .  A l a r g e  t r a n s i e n t  i s  generated when t h e  swi tch ing  

t r a n s i s t o r  t u r n s  on and t h i s  t r a n s i e n t  i s  coupled i n t o  t h e  video.  By synchroniz- 

i n g  t h e  supply; t h i s  t r a n s i e n t  was he ld  i n  t h e  h o r i z o n t a l  b lanking  i n t e r v a l  where' 

it i s  n o t  v i s i b l e  on t h e  monitor  sc reen .  

V e r t i c a l  Sweep 

The v e r t i c a l  sweep c i r c u i t r y  u t i l i z e s  a  709 o p e r a t i o n a l  a m p l i f i e r  and a  feed-  

back scheme t o  achieve  a  l i n e a r i t y  of b e t t e r  than one percent .  S ince  the  c i r c u i t r y  
- ,  

i s  designed t o  d r i v e  a  cons t an t  c u r r e n t  waveform i n t o  t h e  d e f l e c t i o n  c o i l s ,  r e s i s -  

t ance  changes of t h e  v e r t i c a l  d e f l e c t i o n  c o i l s  w i th  temperature have no s i g n i f i c a n t  
* 

e f f e c t  on p i c t u r e  v e r t i c a l  l i n e a r i t y .  

Video Processor  

The v ideo  s i g n a l  from t h e  camera head must be  processed be fo re  i t  can be 

d i s p l a y e d  on t h e  11V monitor  because t h e  low and high frequency po r t ions  of t h e  

v ideo  waveform a r e  v e r y  low i n  ampli tude and must b e  r e s t o r e d  and ampl i f i ed .  

Also ,  b l ank ing  must be added. 



Hi-Peaker 

To r e s t o r e  t h e  h igh  frequency response l o s t  because o f  t h e  vidicon and preampli- 

f i e r  shunt  capac i t ance  a  h igh  peaker c i r c u i t  i s  r equ i r ed .  Th i s  c i r c u i t  employs a  

common e m i t t e r  s t a g e  w i t h  an  e m i t t e r  feedback r e s i s t o r  shunted by a smal l  c a p a c i t o r .  

. T h i s  r e s u l t s  i n  a  response  t h a t  i s  cons t an t  up t o  a  f requency where t h e  impedance 

o f  t h e  shunt  c a p a c i t o r  becomes s i g n i f i c a n t  and causes t h e  ga in  of t h e  a m p l i f i e r  

s t a g e  t o  i n c r e a s e  w i t h  i n c r e a s i n g  frequency a t  a r a t e  of 6 db per  oc tave .  Th i s  

a c t i o n  f l a t t e n s  t h e  h i g h  frequency response of the  system t o  10 MHz. 

Aper ture  Cor rec to r  

A narrow band peaking c i r c u i t  i s  provided i n  t h e  v i c i n i t y  of 9 MHz t o  compen- 

s a t e  f o r  t h e  f i n i t e  s i z e  o f  t he  v i d i c o n  scanning beam. Th i s  c i r c u i t  i s  no t  needed 

f o r  t h e  SEC camera because of t h e  SEC's i nhe ren t  lower r e s o l u t i o n ,  b u t  s i g n i f i c a n t  

improvement i s  achieved i n  t h e  performance of t h e  s tandard  v id i con  system by use  

of t h i s  c i r c u i t .  

Ampl i f i e r  

' A  s t anda rd  feedback p a i r  a m p l i f i e r  i s  used t o  achieve t h e  d e s i r e d  oveya l l  

v ideo  l e v e l  and t o  provide a  low output  impedance t o  d r i v e  t h e  keyed clamp 

c i r c u i t r y .  

Keyed Clam2 

A back porch f o u r  d iode  keyed clamp i s  r equ i r ed  t o  r e s t o r e  t h e  low frequency 
\ 

response  of t h e  system t h a t  was l o s t  i n  t h e  previous a m p l i f i e r  s t a g e s  and t o  

r e - e s t a b l i s h  t h e  d . c .  r e f e r e n c e  (b lack  l e v e l )  o f  the system. This  device  i s  a  

must i n  t h e  system because it enab1.e~ t h e  use  of  a . c .  coupled a m p l i f i e r  s t a g e s  

w i t h  r e l a t i v e l y  sma l l  coupl ing  c a p a c i t o r s  i n s t e a d  of a  d.c.  coupled v ideo  cha in  

t h a t  x~ould be very  d i f f i c u l t  t o  ach ieve .  

B l a n k i n e d d e r  - -- 

Composite b l ank ing  i s  addcd fo l lowing  t h e  clnmp t o  c l ean  up the  uneven 

v i d i c o n  tube  blanlcing waveform which i s  unusable  a s  syst-ern blnnlcing because of 



t h e  presence  of a  l a r g e  h o r i z o n t a l  f l yback  pulse .  

Gamma Cor rec to r  

The "gamma" o r  s l o p e  of t h e  t r a n s f e r  c h a r a c t e r i s t i c s  of t h e  SEC and 4503 

v i d i c o n s  a r e  cons ide rab ly  d i f f e r e n t ,  and t h i s  d i f f e r e n c e  must be co r r ec t ed  t o  

, a c h i e v e  a  t r u e  p i c t u r e  reproduct ion .  Because t h e  t r a n s f e r  c h a r a c t e r i s t i c  of  t h e  

s t anda rd  v i d i c o n  and t h e  monitor  cathode r a y  tube  complement one ano the r ,  no 

gamma c o r r e c t i o n  i s  necessary  f o r  t h e  s tandard  v id i con  camera. The SEC t r a n s f e r  

c h a r a c t e r i s t i c  must be  shaped s o  t h a t  i t  i s  t h e  same a s  t h a t  of t h e  v id i con .  
. . 

This  i s  accomplished simply w i t h  a  d iode  ma t r ix  f o l l o t ~ i n g  t h e  b lanking  adder .  

A d d i t i o n a l  v o l t a g e  g a i n  must be  provided i n  t h e  feedback p a i r  a m p l i f i e r  t o  d r i v e  

t h i s  c i r c u i t .  

Output Ampl i f ie r  

Two Dar l ing ton  ou tpu t  a m p l i f i e r s  a r e  incorpora ted  t o  provide a  75 ohm ou tpu t  

impedance. 

Blanking and Clamp Genera tors  

Standard pu l se  c i r c u i t r y  i s  u t i l i z e d  t o  combine incoming h o r i z o n t a l  and 

v e r t i c a l  d r i v e  pu l se s  i n t o  a  composite blanking-waveform and a  l i n e  r a t e  clamping 

waveform. These s i g n a l s  a r e  app l i ed  t o  t h e  b lanking  adder and keyed clamp c i r -  

c u i t s  p rev ious ly  d e s c r i b e d .  The clamp pu l se  i s  generated from the  t ' r a i l i n g  edge 

of h o r i z o n t a l  d r i v e  and has  a  d u r a t i o n  of approximately t h r e e  microseconds. 
< 

Automatic Gain Con t ro l  

The unprocessed v ideo  f r m  t h e  camera head i s  ampl i f ied  and r e c t i f i e d  t o  

g e n e r a t e  a  z e r o  t o  80 v o l t s  d . c .  c o n t r o l  v o l t a g e  t h a t  i s  i n v e r s e l y  p ropor t iona l  

t o  t h e  camera i n c i d e n t  i l l u m i n a t i o n .  Th i s  v o l t a g e  i s  used d i r e c t l y  a s  t h e  t a r g e t  

v o l t a g e  i n  t h e  v i d i c o n  camera and i s  used a s  t h e  h igh  vo l t age  poijer supply con t ro l  

v o l t a g e  i n  t h e  SEC camera a f t e r  pass ing  throug'h a 10 t o  1 r e s i s t i v e  d i v i d e r .  A 
e 

low pass  f i l t e r  network i s  i n s t a l l e d  i n  t h e  SRC c o n t r o l  l i n e  t o  el.iminat:c o s c i l l a -  

t i o n s .  
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Manual and Remote Gain Cont ro ls  

A v a r i a b l e  r e s i s t i v e  d i v i d e r  i s  provided f o r  use  a s  a  manual g a i n  c o n t r o l  

d u r i n g  i n i t i a l  checkout o r  f o r  a  system i n  which a  f i xed  s e n s i t i v i t y  i s  r e q u i r e d .  

Connections a r e  a l s o '  provided f o r  e x t e r n a l  remote ga in  c o n t r o l .  

Misce l laneous  P rov i s ions  

Telemetry r eadou t s  of tempera ture ,  $450 supply buss ,  AGC v o l t a g e ,  f i l amen t  

c u r r e n t ,  v i d i c o n  cathode v o l t a g e ,  and inpu t  c u r r e n t  a r e  a v a i l a b l e  a t  ' the camera 

c o n t r o l  u n i t  . 
An i n t e r l o c k  f o r  t h e  SEC high  v o l t a g e  power supply v o l t a g e  i s  a v a i l a b l e  a t  

t h e  camera c o n t r o l  u n i t  t o  provide a  quick d i s a b l e  c a p a b i l i t y  f o r  t h e  SEC v id i con  

wi thou t  t u r n i n g  o f f  t h e  system. 

The SEC suppres so r  g r i d  (G5) vo l t age  ( i s o l a t e d )  i s  rou ted  t o  t h e  camera c o n t r o l  

u n i t  so  t h a t  t h i s  v o l t a g e  may b e  temporarily grounded extanally to aid baam alignment. 

A prov i s ion  f o r  t e s t i n g  t h e  v id i cons  f o r  gas by lowering G4 p o t e n t i a l  t o  

s l i g h t l y  below G 3  i s  a l s o  e x t e r n a l l y  a v a i l a b l e  a t  t h e  camera c o n t r o l  u n i t .  

D e t a i l e d  performance parameters  f o r  t h e  SEC and v id i con  camera systems a r e  

shown i n  t a b l e s  1 and 2 ,  r e s p e c t i v e l y .  

Image D i s s e c t o r  Camera 

A camera us ing  an image d i s s e c t o r  tube  was designed and manufactured by 

B a l l  Bro the r s  Research Corpora t ion  i n  Boulder,  Colorado. Th i s  camera runs  a t  
L. 

s t anda rd  scan  r a t e s  be ing  c o n t r o l l e d  by t h e  - sys t en  master  sync gene ra to r  which 

s u p p l i e s  h o r i z o n t a l  and v e r t i c a l  d r i v e  s i g n a l s  t o  t h e  u n i t .  Two 1.0 Vpp composite 

v ideo  ou tpu t s  a r e  provided from the  system t o  d r i v e  the  two v ideo  swi tches .  A 

h o r i z o n t a l  on ly  scan  mode i s  a v a i l a b l e  f o r  t h i s  camera t o  enable  v ideo  a n a l y s i s  of 

sun in fo rma t ion  and p o i n t i n g  informat ion  when r equ i r ed .  This  camera i s  used i n  

t h e  Nava 1 Research ~ a b o r a t o r y  Experiment B . 
e 

Thc image d i s s e c t o r  tube was selected f o r  use because of . i t s  . e x c e l l e n t  



ATM V I D I C O N  TELEVISION 
CAMERA PERFORWNCE CHARACTERISTICS 

Table  1 

Resolu t ion :  Hor i zon ta l  - Center  900 TV l i n e s  a t  5% 
Corner 500 TV l i n e s  

V e r t i c a l  - 330 TV l i n e s  

Shades of  Gray: 10 minimum 

Sweep L i n e a r i t y :  "2% , 

Geometric D i s t o r t i o n :  53% 

Image Format: 0.44 inches  square  
micr camps o 

S e n s i t i v i t y :  0.050 a t  6563 A w i t h  0.02 microamps d a r k  c u r r e n t  
microwatt  

F U I ~  r e s o l u t i o n  and gray  s c a l e s  - 4 .0  mtcrowatts  
400 TV l i n e s  - 0.4 microwat t s  

S e n s i t i v i t y :  2870" K Tungsten Source 
F u l l  r e s o l u t i o n  and gray  s c a l e s  - 0 . 1  f o o t c a n d l e s  
400 TV l i n e s  - 0.01  foo tcand le s  

Dynamic Range: 3003:l  

S i g n a l  t o  Noise ( h i g h l i g h t ) :  35 - 40 db . 

Lag: 30% max. i n  t h e  t h i r d  f i e l d  r eadou t  f o r  h i g h l i g h t  s i g n a l  c u r r e n t  

Aspect Ra t io :  1:l 

Scan Parameters:  525 scan l i n e s  (15,750 Hz); 30 frames pe r  second, 2:l i n t e r l a c e  
A l l  pu l se  formats  i n  accordance wi th  EIA Standard RS-170 

E l e c t r i c a l  Power: 22 w a t t s  t o t a l  a t  28 ? 4 v o l t s  
6  w a t t s  d i s s i p a t e d  i n  camera head 

S ize :  Camera - 8.75 x 4.60 x  5.00 inches  
Con t ro l  Unit  - 9.50 x 7.75 x 4.87 inches  

Weight: Camera - 7.75 l b s .  
Cont ro l  Uni t  - 11.5 l b s .  

Temperature Range: Camera - -26' t o  + 4 5 " ~  
Cont ro l  Unit  - -40" t o  3 - 7 4 " ~  

V i b r a t i o n :  15 g t s  rms; 20 - 2000 Hz shaped 

A l t i t u d e :  0  - 600,000 f t .  



ATM LOW LIGHT LEVEL TELEVISION' CAMERA 
PERFORMANCE CHARACTERISTICS 

Reso lu t ion  ( h i g h l i g h t ) :  Hor i zon ta l  - Center  600 TV l i n e s  a t  5% 
Corner 400 TV l i n e s  

V e r t i c a l  . - 330 TV l i n e s  

shades of Gray: 8 (minimum) 

Sweep L i n e a r i t y :  9% . 
Geometric D i s t o r t i o n :  +5% max. 

Image Format: 0.7" x 0.7" square  

S e n s i t i v i t y :  1 .0  microamps a t  6563 H 
microwatt  

F u l l  r e s o l u t i o n  and g ray  s c a l e s  - 0 . 1  microwatt  
200 TV l i n e s  - 0.002 microwatt  
Operat ing Rznge: .002 t o  8 microwat t s  

S e n s i t i v i t y :  2870' K Tungsten Source 
F u l l  r e s o l u t i o n  and g r a y  s c a l e s  - 5 x 10 '~ f o o t c a n d l e s  
200 TV l i n e s  - 5 x 10 '~  foo tcand le s  
Opera t ing  Range: 5 x lom5 t o  2 x 10-I f o o t c a n d l e s  

S i g n a l  t o  Noise ( h i g h l i g h t )  : 34 db 

Lag: Less t h a n  10% i n  the '  t h i r d  f i e l d  r eadou t  f o r  h i g h l i g h t  s i g n a l  c u r r e n t  

S p e c t r a l  S e n s i t i v i t y :  S-20 photocathode . 

Aspect  Ra t io :  1:l 

Scan Parameters:  525 scan  l i n e s  (15,750 Hz) a t  30 frames/sec.  w i th  2:1 i n t e r l a c e  
A 1 1  pu l se  formats  i n  accordance wi th  ELA Standard RS-170 

E l e c t r i c a l  Power: 22 w a t t s  t o t a l  a t  28  f 4 Vdc 
6 w a t t s  d i s s i p a t e d  i n  camera head 

S i z e  : Camera - 12.40 x 4.60 x 5.00 inches  
Con t ro l  Unit  - 9.50 x 7.75 x 4 . 8  inches  

Weight: Camera - 11.5 r lbs .  
Con t ro l  Un i t  - 11.5 l b s .  

Temperature Range: Camera - -26 t o  *5'C 
Cont ro l  Unit  - '-40' t o  +74OC 

Vib ra t ion :  15  g ' s  rms; 20 - 2000 shaped 

Table 2 

A l t i t u d e  : Atmospheric o r  space environment.  SEC f a c e p l a t e  w i l l  n o t  w i ths t and  c r i t i c a l  p re s su re  
w i thou t  a r c i n g .  



l i n e a r i t y  over  a  wide dynamic range  and because of i t s  r e l i a b i l i t y .  The tube  

h a s  t h e  a d d i t i o n a l  advantages of h igh  r e s o l u t i o n ,  no l a g ,  and f a s t  t u r n  on (no 

f i l a m e n t ) .  The tube  r e q u i r e s  v e r y  h igh  i n c i d e n t  i l l u m i n a t i o n ,  b u t  t h i s  i s  no 

problem when viewing' t h e  sun d i r e c t l y .  

n c  Gene ra to r  . 
-. ~ . .. . 

The sync g e n e r a t o r  f o r  the' ATM TV System provides  mas te r  t iming  pu l se s  t o  

a l l  o f  t h e  ATM TV cameras and moni tors .  S ince  a  f a i l u r e  of t h e  s y n c ' g e n e r a t o r  

would cause  a  complete f a i l u r e  o f  t h e  ATM TV system, i t  was dec ided  t o  make t h e  

sync g e n e r a t o r  t o t a l l y  r e d u ~ d a n t  s o  t h a t  each sync gene ra to r  package c o n s i s t s  of  

two complete  independent  sync g e n e r a t o r s  i nc lud ing  power s u p p l i e s .  The 75 ohm 

o u t p u t s  of  each gene ra to r  a r e  wired i n  p a r a l l e l  and t h e  ou tput  c i r c u i t r y  i s  

des igned  i n  such a  manner t h a t  when a u n i t  i s  i n  t h e  o f f  c o n d i t i o n ,  i t s  ou tpu t  

impedance i s  v e r y  h igh .  A 68 ohm s e r i e s  r e s i s t o r  i s  i n s e r t e d  i n  each output  

l e ad  ahead of t h e  p o i n t  where t h e  redundant  ou tpu t s  a r e  p a r a l l e l e d  so  t h a t  a  

s h o r t e d  ou tpu t  t r a n s i s t o r  i n  one gene ra to r  would n o t  d i s a b l e  t h e  o t h e r  g e n e r a t o r .  

T h i s  wor s t  c a s e  f a i l u r e  would cause  t h e  ou tpu t  of t h e  remaining gene ra to r  t o  drop  

t o  h a l f  v o l t a g e  -1.75 v o l t s ,  b u t  t h i s  would n o t . c a u s e  a  system f a i l u r e  because t h e  

cameras and moni tors  a r e  designed t o  o p e r a t e  a t ,  t h i s  reduced l e v e l .  See f i g u r e  4 

f o r  t h e  sync g e n e r a t o r  b l o c k  diagram and t a b l e  3 f o r  d e t a i l e d  perfodnance parameters .  

Power Supply and I n p u t  F i l t e r  

The power supply  f o r  t h e  sync gene ra to r  i s  v a r i a b l e  pu l se  width t ype  dev ice  

w i t h  two r e g u l a t e d  o u t p u t s .  A 4-5 v o l t  ou tput  i s  provided t o  power t h e  counter  and 

, p u l s e  former c i r c u i t r y ,  and a  -12 v o l t  ou tput  i s  provided t o  supply  t h e  pu l se  

o u t p u t  c i r c u i t r y .  Because of t h e  l a r g e  number of ou tput  c i r c u i t s  (20), t h e  -12 

v o l t  buss  must be capab le  of dc l ive r - ing  a  surge  c u r r e n t  of 1 . 5  amps wi thout  sagging.  

The i n p u t  f i l t e r  c i r c u i t r y  i s o l a t e s  the  power supply from t h e  i npu t  power l i n e  t o  
0 

t h e  r e q u i r e n e n t s  of NIL-2-G181D and p r o t e c t s  t h e  u n i t  from powcr l i n e  trn11sient:s. 
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ATM SYNC GENERATOR 
PERFORMAECE CHAXACTERISTICS 

Function: To synchronize t h e  Am TV system by  providing h o r i z o n t a l  and 
v e r t i c a l  d r i v e  pulses  t o  each TV camera and monitor.  

Outputs: Hor izonta l  ~ r i ; e  (9) 

Width: 0 . 1  H k 0.005 II* 

Amplitude: -4.0 5 0.5 v o l t s  

~ e r t i c a ' l  Drive (9) 

Width: 0.04 k 0.006 V** 

Amplitude:. -4.0 + 0.5 v o l t s  

O s c i l l a t o r  Frequency: 31.5 kHz 5 1.0% 

Redundancy: 100% ( inc luding power supply) 

E l e c t r i c a l  Power: 9  w a t t s  a t  28  k . 4  v o l t s  

Scan Parameters: A l l  ou tputs  conform t o  EIA Standard RS-170 

Size :  10.44 x 9.50 x 5.00 inches 

W i g h t :  14.4 l b s .  

Temperature Range: -40" t o  1-74OC 

Vibra t ion:  15 g ' s  rms; 20 - 2000 Hz shaped 

Al t i tude :  0  t o  600,00@ f e e t  

Table 3 

ikH = 63.5 usec 
"aV = 16-67 msec 



Master O s c i l l a t o r  

The mas ter  o s c i l l a t o r  f o r  t h e  sync gene ra to r  i s  b 2 s i c a l l y  an LC type  o s c i l l a t o r  

w i t h  a  31.5 kHz 5  Vpp pu l se  output  t h a t  d r i v e s  t he  counter  c i r c u i t r y .  The u n i t  

meets  t h e  requi rements  of EIA Standard RS-170 over t h e  temperature range of - 2 0 ' ~  
' 

t o  -!-74OC. I f  d e s i r e d ,  t h e  o s c i l l a t o r  may be  synchronized t o  an e x t e r n a l  31.5 kHz 

sou rce .  

Counter & Pul se  Former C i r c u i t r y  

The coun te r  c i r c u i t r y  conve r t s  t h e  31.5 kHz master  o s c i l l a t o r  s i g n a l  i n t o  

t h e  b a s i c  h o r i z o n t a l  and v e r t i c a l  r a t e s ,  15,  750 Hz and 60 Hz, r e s p e c t i v e l y ,  

r e s u l t i n g  i n  2 : l  i n t e r l a c e  waveforms. 

The pu l se  former c i r c u i t r y  i n  conjunct ion  wi th  t h e  counter  c i r c u i t r y  gene ra t e s  

t h e  EIA Standard RS-170 h o r i z o n t a l  d r i v e ,  v e r t i c a l  d r i v e ,  composite sync and compos- 

i t e  b l ank ing  waveforms. A t  t h i s  po in t  t h e s e  waveforms a r e  4-5 Vpp h igh  impedance 

s i g n a l s .  

Output C i r c u i t r y  

. The ou tpu t  c i r c u i t r y  s c c e p t s  t h e s e  s i g n a l s ,  l e v e l  s h i f t s  them t o  -4 Vpp, 

and conve r t s  them t o  75 ohm impedance outputsa."Nine p a i r s  of h o r i z o n t a l  d r i v e  

and v e r t i c a l  d r i v e  ou tpu t s  a r e  a v a i l a b l e  t o  synchronize t h e  f i v e  cameras and two 

moni tors .  The two a d d i t i o n a l  pa ' i rs  of ou tpu t s  a r e  spa re s .  One syn$ and one 

b l ank ing  waveform a r e  provided f o r  use on an F@ downlink i f  added a t  a  l a t e r  d a t e .  

Video Switch 

The v i d e o  swi tches  provide t h e  a s t r o n a u t  wi th  t h e  c a p a b i l i t y  t o  remotely 

s e l e c t  any one of t h e  f i v e  TV cameras f o r  viewing on e i t h e r  of t h e  two TV moni tors .  

These swi tches  a r e  s o l i d  s t a t e  dev ices  wi th  a bandwidth from d . c .  t o  10 lIlIz f l a t  

w i t h i n  0.5 db.  A d .c .  response  was chosen over  a  keyed clamp system because t h e  

system scan  r a t e  was no t  f i r m  a t  t h e  t ime the  v ideo  switch was des igned .  Se r ious  

thought: was be ing  g iven  t o  slow scan r a t e s  a t  t h a t  t ime,  and, t h e r e f o r e ,  a  d .c .  



r e sponse  was chosen t o  g i v e  complete v e r s a t i l i t y .  C r o s s t a l k  i s  -45 db a t  10 MHz. 

See f i g u r e  5 f o r  t h e  v i d e o  switch b lock  diagram and t a b l e  4 f o r  d e t a i l e d  performance 

parameters .  

Power Supply and I n p u t  F i l t e r  

The power supply  f o r  t h e  v ideo  swi tch  i s  a v a r i a b l e  pu l se  width device  w i th  

two r e g u l a t e d  o u t p u t s  - +12 Vdc and -6 Vdc. The i n p u t  f i l t e r  c i r c u i t r y  i s o l a t e s  

t h e  power supply  from t h e  i n p u t  power l i n e  t o  t h e  requirements  o f  MIL-I-6181D and 

p r o t e c t s  t h e  u n i t  from power l i n e  t r a n s i e n t s .  

Switch C i r c u i t r y  

The swi t ch  c i r c u i t r y  h a s  t h e  c a p a b i l i t y  t o  connect any one o f  s ix 0  t o  1 . 8  Vpp 

v i d e o  i n p u t s  t o  i t s  o u t p u t  wh i l e  keeping t h e  o t h e r  i n p u t s  i s o l a t e d  and te rmina ted  

i n  75 ohms. Swi tch ing  i s  accomplished by simply cpply ing  an i n t e r n a l - l y  genera ted  

4-5 Vdc t o  t h e  c o n t r o l  t r a n s i s t o r  of t h e  channel  t o  be energ ized .  Th i s  a c t i o n  

causes  t h e  s e r i e s  swi t ch  element  t o  be  c losed  and t h e  shunt  75 ohm t e rmina t ion  t o  

b e  removed. No a m p l i f i c a t i o n  i s  needed i n  t h e  v ideo  swi tch  because t h e  75 ohm 

te rmir ia t ion  seen  by t h e  a c t i v e  channel  camera i s  t h e  !TV monitor  and n o t  t h e  v ideo  

swi tch  i t s e l f .  - - .  

TV Monitor 

The TV moni tor  was designed and manufactured by COhltAC Corp. o f  Covina, 

C a l i f o r n i a .  The u n i t  i s  capable  of  d i s p l a y i n g  t h e  f u l l  r e s o l u t i o n  c a p a b i l i t y  of 

t h e  s t anda rd  v i d i c o n  camera on a seven inch  Thomas c a t h o d e . r a y  t ube  (CRT). The 

r a s t e r  i s  s i x  i nches  square  w i th  t h e  co rne r s  be ing  l o s t  over  t h e  edge of t h e  seven 

i n c h  CRT. T h i s  i s  of no consequence si.nce t h e  on ly  scene be ing  viewed i s  t h e  

c i r c u l a r  sun.  

The u n i t  i s  synchronized by t h e  h o r i z o n t a l  and v e r t i c a l  d r i v e  pu l sc s  from 

the  sync g e n e r a t o r .  

F r o n t  pane l  c o n t r o l  of b r i g h t n e s s  and c o n t r a s t  i s  provided. V c r t j c a l  and 
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Table 4 

ATM VIDEO SWITCH 
PERFORMANCE CHARACTERISTICS 

Fnnction: To provide camera s e l e c t i o n  f o r  the  t e l e v i s i o n  monitor.  

Input  Channels : 6 maximum 

Output Channels: 1 

Gain: 0.90 f 0.05 

Impedance: Input  - 7 5  i- 5 ohms 

Output - 7 5  5 5  ohms 

Input  Level: 0.5 t o  1 .8  v o l t s  peak-to-peak 

Switch Contro l  : Remote ( 7 .  conductor cab le  and 6 p o s i t  ion wafer switch) 

E l e c t r i c a l  Power: 2 w a t t s  a t  2 8  i- 4 v o l t s  

Crosstalk:  -45 db 

Size : 7.75  x 6.62 x 2.83 inches 

Weight: 5 . 0  1'0s. 

Temperature Range: -40' t o  + 7 4 ' ~  

VFbration: 15 g ' s  rms; 2 0  t o  2000 Hz shaped 

Al t i tude :  0 t o  600,000 f t .  



h o r i z o n t a l  hold  c o n t r o l s  a r e  no t  requi red .  

E l e c t r o n i c  v e r t i c a l  and hor izon ta1 .c rossha i r s  a r e  ava i l ab le  t o  mark pos i t ions  

of events  of s p e c i a l  i n t e r e s t  on t h e  sun. Controls  f o r  these  c rossha i r s  a r e  on 

t h e  monitor f r o n t  pahel along with a c r o s s h a i r  i n t e n s i t y  con t ro l .  

. Because t h e  monitor must opera te  i n  a  man r a t e d  oxygen environment, s p e c i a l  

precaut ions  were taken wi th  t h e ' m a t e r i a l s  used. Mate r i a l s  o r  p a r t s  t h a t  would 

suppor t  combustion o r  i n j e c t  t o x i c  substances i n t o  the  manned environment were 

no t  used. The f a c e p l a t e  of the  CRT conta ins  a  bonded implosion panei  t o  prevent 

a c c i d e n t a l  breakage of t h e  tube facep la te .  A l l  c o n t r o l s  a r e  of s u f f i c i e n t  diame- 

ter' t o  be operated by an as t ronau t  i n  a space s u i t .  See t a b l e  5 f o r  d e t a i l e d  

performance parameters.  

DETERETfNATION OF SCAN BATES 

A t  t h e  incep t ion  of t h e  program considerable e f f o r t  was devoted t o  optimiza- 

t i o n  of  scan r a t e s ,  v ideo  bandwidth and r e l a t e d  parameters. The o r i g i n a l  concept 

included a video downlink t o  a l low exper t s  on the  ground t o  analyze t h e  s o l a r  

d a t a  i n  r e a l  t i m e  and optimize experiment u t i l i z a t i o n .  Since the  expected-band- 

width of t h e  downlink was small ,  considerable e f f o r t  was expended i n  an at tempt 

t o  reduce t h e  bandwidth requirement f o r  the  r e a l  time t e l e v i s i o n  da ta .  

The most promising approach'appeared t o  be t h e  use of a n o n - s t a ~ d a r d  i n t e r l a c e .  

A s tandard  t e l e v i s i o n  system opera tes  a t  30 frames per second where each frame 
. 

c o n s i s t s  of two f i e l d s  which occur sequentia1l.y with t h e  scan l i n e s  i n t e r l a c e d .  

This  provides a.n e f f e c t i v e  f i e l d  r a t e  of 60 per second which i s  s u f f i c i e n t  t o  

.keep t h e  d i s p l a y  f r e e  from f l i c k e r  under most condi t ions .  A higher f i e l d  r a t e  

should al low a reduced frame r a t e  without objec t ionable  f l i c k e r :  It would a l s o  

reduce t h e  design requirement f o r  the system s igni f ic .ant ly  by reducing video 

bandwidth. 

Unfortunately, t h e  choice of Ex-ame r a t e ,  f i e l d  rclf3e, i n t e r l a c e ,  e t c . ,  involves 

a h i g h l y  complex i n t e r r e l a t i o n s h j .  between the  p11ysiol.ogical. p r 0 p e r t i . e ~  of k h e  

25 



Table 5 
ATM TEJXVISION MONITOR 

PERFOE4ANCE CHARACTERISTICS 

Disp lay  S ize :  6-inch d iameter  u sab le  a r e a  (7  i nch  CRT) 

Facep la t e :  Laminated s a f e t y  g l a s s  

Cont ro ls :  Br igh tnes s  
C o n t r a s t  
E l e c t r o n i c  Crossha i r  ( 1  scan  l i n e  wide) 

V e r t i c a l  Adjus t  
H o r i z o n t a l  Ad jus t  
I n t e n s i t y  

Resolv ing  C a p a b i l i t y :  800 TV l i n e s  

Br igh tnes s :  35 foot - lamber ts  

Shades of  Gray: 10 minimum 

Geometric D i s t o r t i o n :  11% 

Ras te r :  Square and overscanned s o  t h a t  edges of  r a s t e r  a r e  t angen t  t o  CRT edge 

Phosphor: P4 

Spot S i ze :  -006 inches  maximum a t  t u b e  c e n t e r  

Video bandwidth: 3  db down a t  10 MC 

S ize :  13.25 & 9.88 x 13.38 inches  (h x w x d) 

Weight: 32 l b s .  

Temperature Range': 4-10" t'o 30°C 

Vib ra t ion :  15 g ' s  rms; 20 t o  2000 Hz shaped 

A l t i t c d e :  Atmospheric o r  space environment 



human eye,  t h e  c h a r a c t e r i s t i c s  of t h e  phosphors i n  t h e  d i s p l a y  kinescope,  ambient 

i l l u m i n a t i o n ,  and many o t h e r  i t ems .  To determine i f  t h e  system could,  i n  f a c t ,  

b e  opera ted  a t  a non-standard r a t e ,  a s e r i e s  of  l abo ra to ry  experiments were con- 

duc ted .  A v a r i a b l e  kcan sync gene ra to r  was developed and used i n  conjunct ion  wi th  

. ," , a r e p r e s e n t a t i v e  group of kinescopes provid ing  a range from ve ry  f a s t  phospher 

decay t o  ve ry  slow. Labora tory  scenes  were t e l e v i s e d  and approximately s i x  (6) 

v iewers  were employed t o  achieve  a r e p r e s e n t a t i v e  sample. The r e s u l t s  were d i s a -  

ppo in t ing  i n  t h a t  it was d iscovered  t h a t  any i n t e r l a c e  g r e a t e r  than  2 : l  provided 
. , 

unacceptable  i n t e r l i n e  f l i c k e r  w i th  any combination of ambient l i g h t i n g  and f a s t  

phospher.  The only  phospher which gave accep tab le  r e s u l t s  was t h e  P19 which was 

f a r  t o o  slow i n  decay t ime t o  a l low viewing a r a p i d l y  changing phenomenon such a s  

t h e  sun  i n  H-Alpha. With t h e s e  r e s u l t s  i t  was decided t o  use  a system employing 

s t anda rd  scan  i n  accordance w i t h  EIA Standard RS 170 along wi th  a s tandard  P4 

phosphor. A secondary advantage of t h i s  d e c i s i o n  i s  provided by t h e  f a c t  t h a t  i n  

c a s e  a TV downlink i s  i nco rpora t ed  a t  a l a t e r  d a t e  any t e l e v i s i o n  d e s i r e d  f o r  

network t r a n s m i s s i o n  i s  d i r e c t l y  compatible  and does no t  r e q u i r e  bulky complex 

convers ion  equipment a s  has  been used on s e v e r a l  of t h e  Apollo f l i g h t s .  

CHOICE OF LOTd LIGHT LEVEL I M A G I N G  DEVICES . 

The u l t r a  low energy con ten t  of t h e  whi te  l i g h t  coronagraph and t h e  extreme 

u l t r a v i o l e t  spec t rograph  experiments r e q u i r e  t h e  use of a low l i g h t  l e v e l  dev ice  
' 

\-, 

a s  a s enso r .  Three types  were considered a s  fo l lows:  

1. Image Or th icon  

2 .  Vidicon w i t h  Image I n t e n s i f i e r s  

3 .  SEC Vidicon .  

The image o r t h i c o n  was e l imina ted  a t  t he  o u t s e t  p r imar i ly  because of i t s  l a r g e  

phys i ca l  s i z e  and associated.  'design problems, b u t  t h c  choice b e l m e n  SEC v i d j  con - 
e 

and i n t e n s i f i e r  v id i con  was 1nuc11 more d i  f f i c u l t  . The i n t e n s i f i e r  . . v i d j  con possesses  



many d e s i r e d  advantages ,  b u t  t h e s e  a r e  outweighed by i t s  d i s advan tages ;  and,  t h e r e -  

f o r e ,  t h e  SEC v i d i c o n  was chosen f o r  use  on t h e  ATM. The f a c t o r s  regarded a s  

p e r t i n e n t  a r e  shown i n  t a b l e  6 .  

CONCLUSIOX 
, 

. . The A T M  TV System w i l l  provide t h e  a s t r o n a u t  w i t h  an i nva lueb le  t o o l  f o r  ga the r -  

ing s o l a r  d a t a .  The v e r s a t i l i t y  and h igh  q u a l i t y  o f  t h e  TV system w i l l  enab le  him 

t o  spend more t ime  on s o l a r  s t udy  than  on t h e  mechanics of  g a t h e r i n g  d e t a .  I f  a  

TV downlink i s  provided a t  'a l a t e r  d a t e ,  t h e  TV system w i l l  enable  t h e  s o l a r  a s t r o n -  

omer t o  a c t i v e l j r  p a r t i c i p a t e  i n  t h e  s o l a r  obse rva t ions  and guide t h e  a s t r o n a u t  t o  

d a t a  t h a t  h e  might have missed o the rwi se .  
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ADVANTAGES AND DI'sADVAKCAGES OF SEC 
AND INTENSIFIER VIDICONS 

ADVANTAGES 

1. Good uni formi ty  
2 .  Low l a g  
3 .  Good r e s o l u t i o n  
4. Can be i n t e g r a t e d  over long per iods  
5. Requires only -8 KV of high vo l t age  

9 6 .  Readily a v a i l a b l e  

D ISADVANTAGE S 

I. Ruggedness o f  tube l imi ted  by ~ 5 / t a r g e t  
2 .  Tube e a s i l y  damaged dur ing i n s t a l l a t i o n  
3 .  nigh 'cost  
4. Blemishes 
5 .  Lower Signal-to-Noise . r a t i d  than I V  
6 .  Lower l i f e  time than I V  

Table 6 

I n t e n s i f i e r  Vidicon 

1. Rugged environmental package 
2 .  Good r e s o l u t i o n  
3.  Allows use  of s tandard  v id icon  
4. Minimizes design changes from 

standard v id icon camera 
5.  Low c o s t  . 

1. Poor uniformity 
2 .  Righ l a g  
3 .  Can only be i n t e g r a t e d  f o r  s h o r t  

time per iods  
4. Opt i ca l  coupling problems 
5. Requires -15 IN of high vo l t age  


