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TWO VOYAGERS SET FOR LAUNCH 

NASA w i l l  l aunch  t w o  Voyager s p a c e c r a f t  t h i s  summer f o r  

an e x t e n s i v e  r econna i s sance  of t h e  o u t e r  p l a n e t s .  

Riding a t o p  a T i t a n  Centaur  r o c k e t ,  t h e  Voyagers w i l l  

be launched from Kennedy Space Cen te r ,  F l a . ,  on a decade- 

long odyssey t h a t  could  t a k e  them t o  as many as 1 5  major 

heavenly bodies .  

These i n c l u d e  g i a n t  J u p i t e r  and r inged  S a t u r n ,  s e v e r a l  

moons of bo th  p l a n e t s  and p o s s i b l y  Uranus. 

- m o r e -  
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Making measurements and t a k i n g  c loseup  p i c t u r e s ,  t h e  

Voyagers w i l l  r e t u r n  in fo rma t ion  t h a t  could  shed new l i g h t  

on t h e  o r i g i n  and ear ly  h is tory  of  the solar  sys tem and o u r  

own p l a n e t  Ea r th .  

The f i r s t  Voyager w i l l  be launched about  Aug. 20 .  The 

second i s  scheduled  f o r  launch  1 2  days  l a te r ,  about  Sept .  1. 

Voyager 2 w i l l  be launched f i r s t  and Voyager 1 second, 

as Voyager 1 w i l l  f l y  a f a s t e r  t r a j e c t o r y  t h a n  i t s  companion 

and reach J u p i t e r  i n  March, 1 9 7 9 ,  f o u r  months ahead of  

Voyager 2. A t  S a t u r n  encounter  Voyager 1 w i l l  be about  n i n e  

months ahead of i t s  sister c r a f t .  

A t  J u p i t e r  t h e  g r a v i t y - a s s i s t  t echn ique  -- u s i n g  a 

p l a n e t ' s  g r a v i t a t i o n a l  f i e l d  t o  speed up a s p a c e c r a f t  and 

change i t s  t r a j e c t o r y  -- w i l l  be used t o  send the Voyagers 

on t o  Sa tu rn .  With t h i s  " s l i n g s h o t "  t echn ique  Voyager 1 

w i l l  a r r i v e  a t  Sa tu rn  i n  l a t e  summer of 1 9 8 0 ,  3.2 y e a r s  a f t e r  

launch. Without u s i n g  J u p i t e r ' s  massive g r a v i t y ,  t h e  f l i g h t  

from E a r t h  would r e q u i r e  6 . 1  yea r s .  When it reaches  S a t u r n ,  

Voyager w i l l  have t r a v e l e d  2.2 b i l l i o n  k i l o m e t e r s  ( 1 . 4  

b i l l i o n  m i l e s )  through space.  

-more- 
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A f t e r  complet ing t h e i r  p l a n e t a r y  mis s ions ,  t h e  t w o  

s p a c e c r a f t  w i l l  con t inue  outward from t h e  solar  system and 

across t h e  boundary of t h e  wind of charged p a r t i c l e s  ( so la r  

wind) t h a t  streams outward from t h e  Sun, t h u s  p e n e t r a t i n g  

i n t o  i n t e r s t e l l a r  space.  

T h e  Voyager s p a c e c r a f t  are advanced v e r s i o n s  of p lane-  

t a r y  e x p l o r e r s  t h a t  have s t u d i e d  Mercury, Venus and M a r s .  

The new c r a f t  weigh 825 k i lograms ( 1 , 8 2 0  pounds) .  The space- 

c r a f t  d i f f e r  from t h e i r  Mariner and Viking p r e d e c e s s o r s  i n  

many r e s p e c t s ,  due p r i m a r i l y  t o  t h e  environment i n t o  which 

t h e y  w i l l  v e n t u r e  and t h e  g r e a t  d i s t a n c e s  across which t h e y  

must communicate w i t h  Ear th .  S ince  t h e  amount of s u n l i g h t  

which s t r i k e s  t h e  o u t e r  p l a n e t s  i s  o n l y  a s m a l l  f r a c t i o n  of 

t h a t  which r eaches  E a r t h ,  t h e  Voyagers cannot  depend on 

s o l a r  energy b u t  must use  n u c l e a r  power -- r a d i o i s o t o p e  

t h e r m o e l e c t r i c  g e n e r a t o r s .  The Voyagers are dominated by 

t h e  l a r g e s t  communications an tennas  y e t  flown on p l a n e t a r y  

miss ions :  3 . 7  m e t e r s  ( 1 2  fee t )  i n  d iameter .  

The Voyagers are m o r e  au tomat ic  and independent  of 

Earth-based c o n t r o l  t h a n  earlier p l a n e t a r y  s p a c e c r a f t .  The 

g r e a t  d i s t a n c e s  across which r a d i o  s i g n a l s  between E a r t h  

and Voyagers must t r a v e l  and t h e  long  l i f e t i m e  of t h e  miss ion  

r e q u i r e  t h a t  t h e  Voyagers be a b l e  t o  c a r e  f o r  themselves  and 

perform long ,  d e t a i l e d  and complex s c i e n t i f i c  su rveys  wi thou t  

c o n t i n u a l  commanding from t h e  ground. 
-more- 
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They a r e  t h e  f i r s t  p l a n e t a r y  s p a c e c r a f t  t o  c a r r y  an 

expendable  s o l i d - f u e l e d  p ropu l s ion  module f o r  u se  d u r i n g  

launch. A f t e r  launch ,  a 68,000-newton-thrust (15,300-1b.- 

t h r u s t )  s o l i d - p r o p e l l a n t  r o c k e t  motors on t h e  p ropu l s ion  

modules w i l l  p l a c e  t h e  s p a c e c r a f t  on t h e i r  f l i g h t  p a t h s  t o  

J u p i t e r .  

They w i l l  use  s t e e r i n g  t h r u s t e r s  fo r  t r a j e c t o r y  correc- 

t i o n s .  Some t r a j e c t o r y  c o r r e c t i o n  maneuvers w i l l  r e q u i r e  

engine  burns  of m o r e  t h a n  an hour -- i n  some c a s e s  sp read  

ove r  s e v e r a l  days.  

Each Voyager w i l l  use  11 i n s t r u m e n t s  i n c l u d i n g  t h e  

s p a c e c r a f t  r a d i o  t o  s t u d y  t h e  p l a n e t s ,  t h e i r  sa te l l i t es ,  t h e  

r i n g s  of S a t u r n ,  t h e  magnet ic  r e g i o n s  sur rounding  t h e  p l a n e t s  

and i n t e r p l a n e t a r y  space.  The in s t rumen t  payload weighs 

105  kg (231 l b . ) .  

The Voyagers w i l l  c a r r y  wide-angle and narrow-angle 

t e l e v i s i o n  cameras, cosmic r a y  d e t e c t o r s ,  i n f r a r e d  spec t ro -  

meters and r ad iomete r s ,  low-energy c h a r g e d - p a r t i c l e  d e t e c t o r s ,  

magnetometers, pho topo la r ime te r s ,  p l a n e t a r y  r a d i o  astronomy 

receivers, plasma and plasma wave i n s t r u m e n t s  and u l t r a v i o l e t  

spec t romete r s .  

-more- 
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The t e l e v i s i o n  cameras w i l l  p rov ide  p i c t u r e s  of J u p i t e r  

and S a t u r n  of g r e a t e r  r e s o l u t i o n  than  any t aken  from E a r t h  

o r  by t h e  ear l ie r  P ionee r  1 0  and 11 q a c e c r a f t .  They w i l l  

s t u d y  J u p i t e r  fo r  e i g h t  months. The cameras should a l s o  t a k e  

t h e  f i r s t  h igh  r e s o l u t i o n ,  c loseup  photos  of t h e  G a l i l e a n  

sa te l l i t es  of J u p i t e r ,  t h e  major s a t e l l i t e s  of S a t u r n  and 

S a t u r n ' s  rings.. (P ionee r  11 i s  now on a t r a j e c t o r y  which 

w i l l  t a k e  it through S a t u r n ' s  r i n g s  i n  1 9 7 9 ,  b u t  t h e  p i c t u r e s  

t aken  -- i f  any -- w i l l  have less r e s o l u t i o n  t h a n  t h e  Voyager 

images by a f a c t o r  of  100.) 

The o t h e r  Voyager i n s t r u m e n t s  w i l l  s t udy  t h e  atmosphere 

of t h e  p l a n e t s  and t h e i r  sa te l l i t es ,  t h e i r  magnetosphere and 

t h e  r e l a t i o n s h i p s  between t h e s e  r e g i o n s  and t h e  solar  wind 

t h a t  streams through i n t e r p l a n e t a r y  space  and t h e  r a d i o  s i g -  

n a l s  from J u p i t e r  (which e m i t s  t h e  s t r o n g e s t  r a d i o  n o i s e  i n  

o u r  sky e x c e p t  t h e  Sun) .  Other  o b j e c t i v e s  i n c l u d e  a l l - s k y  

su rveys  of i n t e r p l a n e t a r y  space  and g r a v i t a t i o n a l  f i e l d s .  

An o p t i o n  i s  be ing  main ta ined  t o  send Voyager 2 on t o  

t h e  p l a n e t  Uranus, 20  t i m e s  f a r t h e r  from t h e  Sun than  Ea r th .  

Encounter ,  which would occur  i n  January  1 9 8 6 ,  would pe rmi t  

t h e  f i r s t  c lo seup  examinat ion of i t s  r e c e n t l y  d i scove red  

r i n g s .  The Uranus o p t i o n  w i l l  be  e x e r c i s e d  only  i f  pr imary 

g o a l s  of S a t u r n  have been m e t  by t h e  f i r s t  Voyager and t h e  

o p e r a t i n g  c o n d i t i o n  of t h e  second Voyager w a r r a n t s  t h e  added 

four -year  t r i p .  
- m o r e -  
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The Voyager s p a c e c r a f t  r e c e i v e  a l a r g e  i n c r e a s e  i n  

v e l o c i t y  a5 a r e s u l t  of t h e i r  close f l y b y  of  t h e  p l a n e t  

J u p i t e r .  Th i s  g r a v i t y - a s s i s t  v e l o c i t y  i n c r e a s e  allows t h e  

s p a c e c r a f t  t o  reach S a t u r n  i n  t h e  r e l a t i v e l y  s h o r t  t i m e  of 

3.2 t o  4 y e a r s  w i t h  a launch v e h i c l e  t h a t  i s  on ly  s l i g h t l y  

l a r g e r  t h a n  r e q u i r e d  f o r  J u p i t e r  miss ions .  

t o  send a s p a c e c r a f t  t o  Sa tu rn  fo l lowing  a close f l y b y  of 

J u p i t e r  o c c u r s  approximately eve ry  2 0  yea r s .  The o p p o r t u n i t y  

fo r  t h e  Uranus o p t i o n  i s  t h e  r e s u l t  o f  t h e  a l ignment  of  

J u p i t e r ,  Sa tu rn  and Uranus which happens o n l y  once eve ry  

4 5  yea r s .  

Th i s  o p p o r t u n i t y  

Project Voyager r e p r e s e n t s  t h e  n e x t  s t e p  i n  t h e  United 

S ta tes '  program of  s y s t e m a t i c  p l a n e t a r y  e x p l o r a t i o n  i n  which 

t h e  solar system i s  used as a n a t u r a l  l a b o r a t o r y .  By be ing  

a b l e  t o  compare t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  of  t h e  

v a r i o u s  p l a n e t s ,  s c i e n t i s t s  expec t  t o  l e a r n  more about  t h e  

p r o c e s s e s  t h a t  a f f e c t  t h e  E a r t h  and b e t t e r  unders tand  t h e  

h i s t o r y  of t h e  so la r  system. 

U n t i l  r e c e n t l y  o u r  knowledge of  J u p i t e r  and S a t u r n  w a s  

o n l y  rudimentary.  Ground-based s t u d i e s  by o p t i c a l  i n f r a r e d  

and r a d i o  astronomy d e f i n e d  t h e  m o s t  basic p r o p e r t i e s  of 

J u p i t e r  and S a t u r n  and t h e i r  satell i tes and h i n t e d  a t  t h e  

unique s c i e n t i f i c  p o t e n t i a l  of t h e s e  systems. 

-more- 
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I n  1973 and 1 9 7 4  a f i r s t  c lose-up 

i t s  system w a s  p rovided  by t w o  P ioneer  

look a t  J u p i t e r  and 

s p a c e c r a f t .  A s  

P ionee r s  1 0  and 11 sped p a s t  J u p i t e r ,  t h e i r  i n s t r u m e n t s  

began t o  r e v e a l  t h e  complexi ty  of i t s  atmosphere and t h e  

e x t e n t  and s t r e n g t h  of t h e  Jov ian  magnetosphere. Voyager 

i s  t h e  n e x t  l o g i c a l  s t e p  i n  t h e  e x p l o r a t i o n  of t h e  Jov ian  

system. A l s o ,  by c a r r y i n g  o u t  d e t a i l e d  e x p l o r a t i o n  of 

S a t u r n ,  t h e s e  s p a c e c r a f t  w i l l  p rov ide  a f a s c i n a t i n g  perspec-  

t i v e  f o r  d e t a i l e d  comparisons of a h o s t  of  u n f a m i l i a r  worlds .  

J u p i t e r  and S a t u r n  are t h e  l a r g e s t  p l a n e t s .  Together  

w i t h  t h e i r  many sa te l l i t es  t h e y  dominate t h e  so la r  sys-  

t e m .  The d i ame te r  of  J u p i t e r  i s  1 0  t i m e s  t h a t  of E a r t h ,  and 

it c o n t a i n s  more matter  t h a n  a l l  of t h e  o t h e r  p l a n e t s  p u t  

t o g e t h e r .  With i t s  r e t i n u e  of 1 3  moons, f o u r  o f  them as  

l a r g e  as p l a n e t s ,  J u p i t e r  i s  a c t u a l l y  t h e  c e n t e r  of a minia- 

t u r e  so la r  system l i k e  t h e  Sun and p l a n e t s .  

S a t u r n  also h a s  a system o f  many s a t e l l i t e s  and i n c l u d e s ,  

i n  add i t ion , two  unique f e a t u r e s ,  a s p e c t a c u l a r  r i n g  system 

which appea r s  t o  be composed mainly of  t i n y  p i e c e s  of ice 

and snow and one l a r g e  sa te l l i t e ,  T i t a n ,  w i t h  an atmosphere 

as massive as t h a t  of t h e  Ea r th .  I n  any program o f  p l a n e t a r y  

e x p l o r a t i o n  s t u d y  of  t h e  J o v i a n  and S a t u r n i a n  systems i s  of 

paramount i n t e r e s t  f o r  unders tanding  the o r i g i n  and e v o l u t i o n  

of  t h e  so la r  system. 

- m o r e -  
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I n  s p i t e  of t h e i r  g r e a t  s i z e ,  J u p i t e r  and S a t u r n  a r e  

mys te r ious  worlds. Both are g i a n t  b a l l s  of g a s  w i t h  no 

appa ren t  s o l i d  s u r f a c e .  B o t h  are composed l a r g e l y  of hydro- 

gen and helium. These p l a n e t s  best r e p r e s e n t  t h e  o r i g i n a l  

materials from which t h e  Sun and a l l  t h e  p l a n e t s  -- i n c l u d i n g  

Ea r th  -- w e r e  formed. Both J u p i t e r  and S a t u r n  c o n s t i t u t e  

mina ture  b u t  un ique ly  accessible l a b o r a t o r i e s  fo r  s t u d y  of 

phenomenon of wide-ranging a s t r o p h y s i c a l  i n t e r e s t .  

L i k e  t h e  stars,  J u p i t e r  and S a t u r n  each have t h e i r  own 

i n t e r n a l  energy  s o u r c e s ,  r a d i a t i n g  n e a r l y  t w i c e  as  much 

energy  as t h e y  receive f r o m  the  Sun. A s  P ionee r  1 0  and 11 

measurements r e v e a l e d ,  J u p i t e r  has a s t r o n g  magnet ic  f i e l d  

and i s  surrounded by r a d i a t i o n  b e l t s  s imi l a r  t o  t h e  Van Al l en  

bel ts  around the  Ear th .  The vast ,  r a p i d l y  s p i n n i n g  magneto- 

sphe re  and r a d i a t i o n  b e l t s  of J u p i t e r  make it a major sou rce  

of several t y p e s  of r a d i o  r a d i a t i o n .  

The atmospheres of these g i a n t  p l a n e t s  are d r i v e n  by 

t h e  s a m e  forces t h a t  ac t  on E a r t h ' s  atmosphere,  b u t  on a 

much l a r g e r  scale. Major cyc lones ,  l i k e  the  Great Red Spot  

of J u p i t e r ,  are thousands of m i l e s  across and p e r s i s t  f o r  

c e n t u r i e s .  T h e i r  a tmospheres  c o n t a i n  m u l t i p l e  c loud  l a y e r s  

each  w i t h  t h e i r  own t empera tu re  and chemical  composition. 

-more- 
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The f o u r  l a r g e s t  sa te l l i t es  of  J u p i t e r ,  Io ,  Europa, 

Ganymede and C a l l i s t o ,  p rovide  a va ry ing  and f a s c i n a t i n g  

microcosm of unique worlds .  

rock ,  some of i ce ,  s o m e  of w a t e r .  T h e i r  s u r f a c e s  probably  

range  f r o m  l u n a r - l i k e  cratered p l a i n s ,  t o  s a l t - cove red  beds 

of e x t i n c t  seas, t o  e x o t i c  landforms created o u t  of ice  

and mud. I n  ice  and water-dominated regimes, f a m i l i a r  geo- 

l o g i c  p r o c e s s e s  w i l l  take place thousands of  times faster  

than  on a rocky p l a n e t .  T o t a l l y  u n f a m i l i a r  g e o l o g i c  f o r m s  

a r e  expec ted  a s  w e l l .  M o s t  s a t e l l i t e s  of S a t u r n  are 

a p p a r e n t l y  a l so  composed p r i m a r i l y  of ice. But T i t a n ,  t h e  

l a r g e s t  s a t e l l i t e  i n  t h e  s o l a r  system, has  i n  a d d i t i o n  an 

atmosphere s i m i l a r  i n  s i z e  t o  t h a t  of t h e  E a r t h ' s  b u t  ve ry  

d i f f e r e n t  i n  composi t ion.  

Some are composed l a r g e l y  of  

S c i e n t i s t s  e x p e c t  t h a t  o r g a n i c  molecules  are be ing  

c r e a t e d  today  i n  the  atmosphere of T i t a n  and t h a t  t h i s  

s t r a n g e ,  c o l d  s a t e l l i t e  may even provide  c l u e s  t o  t h e  

o r i g i n  of l i f e  on Earth.  

T h e  three s p e c t a c u l a r  r i n g s  t h a t  surround S a t u r n  may be 

t h e  remains of a s a t e l l i t e  t h a t  came too c l o s e  and w a s  broken 

up by t h e  s t r o n g  t i d a l  f o r c e s  of t h e  p l a n e t  o r  t h e y  may be 

remnants of material  from t h e  b i r t h  of t h e  so la r  system 

t h a t  never  coa le sced  t o  form a l a r g e  moon. 

- m o r e -  
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J u p i t e r  o r b i t s  t h e  Sun a t  a d i s t a n c e  of 778 m i l l i o n  

km (483 m i l l i o n  m i . ) .  One J u p i t e r  y e a r  e q u a l s  11.86 E a r t h  

yea r s .  J u p i t e r ' s  day i s  less than  1 0  hours  long. 

S a t u r n  o r b i t s  t h e  Sun a t  a d i s t a n c e  of 1 . 4 2  b i l l i o n  km 

(883 m i l l i o n  m i . ) .  I t  completes  one o r b i t  e v e r y  29 .46  Ea r th  

yea r s .  A day on S a t u r n  i s  1 0  hours  and 14 minutes  long. 

The wides t  v i s i b l e  r i n g  of S a t u r n  has  a r a d i u s  of  136,000 

km (84,500 m i . ) .  

Closest  approach t o  J u p i t e r  -- March 5 ,  1979 -- w i l l  

be about  278,000 k m  (173,000 m i . )  from t h e  v i s i b l e  c loud  

s u r f a c e  of  t h e  p l a n e t .  Both E a r t h  and Sun w i l l  d i s a p p e a r  

behind J u p i t e r ,  as  seen  f r o m  t h e  s p a c e c r a f t  ( o c c u l t a t i o n ) ,  

a l l owing  sc ien t i s t s  t o  make new measurements of t h e  s t r u c t u r e  

and composi t ion of  t h e  p l a n e t ' s  upper atmosphere from atmos- 

p h e r i c  e f f e c t s  on Voyager 's  r a d i o  s i g n a l s  as t h e y  p a s s  

through t h e  Jov ian  atmosphere e n r o u t e  t o  Ear th .  

A f t e r  p a s s i n g  J u p i t e r ,  Voyager 1 w i l l  examine a l l  f o u r  

of t h e  l a r g e  G a l i l e a n  satel l i tes .  Observa t ions  of J u p i t e r  

w i l l  con t inue  f o r  a month a f t e r  closest approach, u n t i l  e a r l y  

A p r i l  1979.  

-more- 
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Voyager 2 w i l l  begin i t s  o b s e r v a t o r y  phase of J u p i t e r  

about  two weeks l a t e r ,  8 0  days  b e f o r e  c l o s e s t  approach as 

d i d  Voyager 1. I t  w i l l  observe  f o u r  s a t e l l i t e s  d u r i n g  t h e  

inbound l e g :  C a l l i s t o ,  Ganymede, Europa and Amalthea. 

The s p a c e c r a f t  w i l l  make i t s  closest approach t o  J u p i t e r  

on J u l y  1 0 ,  1 9 7 9 .  Following a more d i s t a n t  cour se  t h a n  i t s  

p r e d e c e s s o r ,  t h e  second Voyager w i l l  p a s s  more t h a n  t w i c e  as 

f a r  from t h e  p l a n e t ,  643,000 km ( 4 0 0 , 0 0 0  m i . )  away. The second 

J u p i t e r  encounter  w i l l  con t inue  i n t o  August. 

The f i r s t  Sa tu rn  encoun te r  w i l l  beg in  i n  August 1980 

and w i l l  con t inue  through December. On t h e  inbound l e g ,  

Voyager 1 w i l l  p a s s  w i t h i n  4 , 0 0 0  km (2,500 m i . )  of  t h e  major 

s a t e l l i t e  T i t an .  C l o s e s t  approach to Sa tu rn  -- 138,000 km 

(85,800 m i . )  -- w i l l  occur  Nov. 1 2 ,  1980. T i t a n ,  S a t u r n  and 

t h e  r i n g s  w i l l  a l l  block o u t  t h e  Sun and E a r t h  as seen by 

in s t rumen t s  on t h e  s p a c e c r a f t  t o  provide  o c c u l t a t i o n  

measurements. 

Second Sa tu rn  encounter  w i l l  beg in  i n  June 1 9 8 1 .  

Closes t  approach w i l l  occur  Aug. 2 7 ,  1981 .  Voyager 2 w i l l  

observe  t h e  s a t e l l i t e s  T i t a n ,  Rhea and Tethys on i t s  inbound 

journey  and Enceladus a t  closest approach. Encounter w i l l  

con t inue  through September. 

- m o r e -  



-12- 

Tracking and data acquisition will be performed by 

the Deep Space Network (DSN) with stations in California, 

Australia and Spain. At planet encounter, high-rate data 

will be received through the DSN's 64-m (210-ft.) antenna 

subnet. Maximum data rate at Jupiter will be 115,000 bits 

per second, at Saturn 44,800. 

NASA's Office of Space Science has assigned Voyager 

project management to the Jet Propulsion Laboratory (JPL), 

Pasadena, Calif., which is managed for NASA by the California 

Institute of Technology. NASA program manager is Rodney 

Mills and the JPL project manager is John Casani. Dr. Milton 

A. Mitz is NASA program scientist and Dr. Edward C. Stone of 

Caltech is project scientist. 

JPL designed, assembled and tested the Voyager spacecraft. 

Voyager's solid rocket motor is provided by the NASA 

Goddard Space Flight Center's Delta Office. Prime contractor 

is Thiokol Chemical Corp. 

Launch vehicle responsibility has been assigned to 

NASA's Lewis Research Center, Cleveland, Ohio. Prime con- 

tractors to Lewis are Martin Marietta Corp., Denver, Colo., 

(the Titan) and General Dynamics/Convair, San Diego, Calif., 

(the Centaur) 

-more- 
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Tracking, communications and mission operations are 

conducted by JPL, which operates the Deep Space Network for 

NASA's Office of Tracking and Data Acquisition. 

The spacecraft's radioisotope thermoelectric qenerators 

are provided to NASA by the U.S. Energy Research and Develop- 

ment Administration (ERDA). Prime contractor to ERDA is 

General Electric Co., Valley Forge, Pa. 

Estimated cost of the Voyager project, exclusive of 

launch vehicles, tracking and data acquisition and flight 

support activities is $320 million. 

(END OF GENERAL RELEASE. BACKGROUND INFORMATION FOLLOWS. ) 

-more- 
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THE VOYAGER SPACECRAFT 

The two Voyager spacecraft are designed to 
operate at distances from Earth and the Sun greater 
than those of any previous mission. Communications 
capability, hardware reliability, navigation and tem- 
perature control are among the major challenges. The 
spacecraft are identical. Each can meet the objectives 
of either mission and their various options. 

Each Voyager consists of a mission module -- the 
planetary vehicle -- and a propulsion module, which 
provides the final energy increment necessary to inject 
the mission module into the Jupiter transfer trajec- 
tory. The propulsion module is jettisoned within 
minutes after the required volocity is attained. (For 
purposes of mission description, "spacecraft" and 
"mission module'' will be used interchangeably. In 
describing the prelaunch configuration and launch 
phase, "spacecraft" will refer to the combined "mis- 
sion module'' and "propulsion module. " )  

The mission module after injection weighs 8 2 5  kg 
(1 ,820  lbs.), including a 105 kg (231 lb.) science in- 
strument payload. The propulsion module, with its 
large solid propellant rocket motor, weighs 1,220 kSr 
(2,690 lbs.). The spacecraft adaptor joins the space- 
craft with the Centaur stage of the launch vehicle. 
It weighs 47.2 kg (104 lbs.) Total launch weight 
of the spacecraft is 2,100 kg (4,630 lbs.). 

To assure proper operation for the four-year 
flight to Saturn, and perhaps well beyond, mission 
module subsystems have been designed with high re- 
liability and extensive redundancy. 

and the Viking Mars Orbiters, the Voyagers are sta- 
bilized on three axes using the Sun and a star (Canopus) 
as celestial reference points. 

Three engineering subsystems are programmable for 
on-board control of spacecraft functions. (only tra- 
jectory correction maneuvers must be enabled by ground 
command.) 
subsystems (CCS), the flight data subsystem ( F D S )  and 
the attitude and articulation control subsystem (AACS). 

Like the Mariners that explored the inner planets 

These subsystems are the computer command 

- more - 
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The memories of these units can be updated or 
modified by ground command at any time. 

Hot gas jets provide thrust for attitude sta- 
bilization as well as for trajectory correction man- 
euver s .  

A nuclear power source -- three radioisotope 
thermoelectric generators -- provides the spacecraft 
electrical power. 

The science instruments required to view the planets 
and their moons are mounted on a two-axis scan platform 
at the end of the science boom for precise pointing. 
Other body-fixed and boom-mounted instruments are 
aligned for proper interpretation of their measure- 
ments. 

Data storage capacity on the spacecraft is about 
536 million bits of information -- the equivalent of 
about 100 full-resolution photos. 

Dual frequency communication links -- S-band and 
X-band -- provide accurate navigation data and large 
amounts of science information during planetary en- 
counter periods (up to 115,200 bits per second at 
Jupiter and 44,800 bps at Saturn). 

Dominant feature of the spacecraft is the 3.66- 
meter (12-foot) diameter high-gain antenna which will 
point toward Earth continually after the initial 80 
days of flight. 

While the high-gair, antenna dish is white, most 
visible parts of the spacecraft are black -- blanketed 
or wrapped for thermal control and micrometeoroid pro- 
tection. A few small areas are finished in gold foil 
or have polished aluminum surfaces. 

Structure and Configuration 

The basic mission module structure is a 29.5 kg 
(65 1b.I 10-sided aluminum framework with 10 elec- 
tronics packaging compartments. The structure is 
47  centimeters (18.5 inches) high and 1.78m (5.8 ft.) 
across from side to side. The electronics assemblies 
are structural elements of the 10-sided box. 

- more - 
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The spherical propellant tank, which supplies 
fuel to hydrazine thrusters for attitude control and 
trajectory correction maneuvers (TCM), occupies the center 
cavity of the decagon. 
drazine to 12 small attitude control and four TCM 
thrusters on the mission module and to larger thrust 
vector control engines on the propulsion module. 

The 3.66 m (12 ft.) diameter high-gain parabolic 
reflector is supported above the basic structure by a 
tubular trusswork. The antenna reflector has an alu- 
minum honeycomb core and is surfaced on both sides by 
graphite epoxy laminate skins. Attachment to the 
trusses is along a 1.78 m (70 inch) diameter support 
ring. The Sun sensor protrudes through a cutout in 
the antenna dish. An X-band feed horn is at the 
center of the reflector. Two S-band feed horns are 
mounted back-to-back with the X-band sub-reflector, 
transparent at S-band, to the high-gain dish. The 
other functions as the low-gain antenna. 

Propellant lines carry hy- 

Louver assemblies for temperature control are 
fastened to the outer faces of four of the electronics 
compartments. Top and bottom of the 10-sided struc- 
ture are enclosed with multi-layer thermal blankets. 

Two Canopus star tracker units are mounted side- 
by-side and parallel atop the upper ring of the decagon. 

Three radioisoptope thermoelectric generators are 
assembled in tandem on a deployable boom hinged on an 
outrigger arrangement of struts attached to the basic 
structure. The RTG boom is constructed of steel and 
titanium. Each unit, contained in a beryllium outer 
case, 40.6 cm(16 in.) in diameter, 50.8 cm (20 in.) 
long and weighs 39 kg (86 lb.). 

The science boom, supporting the instruments most 
sensitive to radiation, is located 180 degrees from the 
RTG boom and is hinged to a truss extending out from 
the decagon and behind the high-gain antenna. The 
boom, 2.3 IT. ( 7  1/2 ft.) long, is a bridgework of gra- 
phite epoxy tubing. Attached on opposite sides of the 
boom at its mid-point are the cosmic ray and low- 
energy charged particle instruments. Farther out on 
the boom is the plasma science instrument. 

The two-axis scan platform is mounted at the end 
of the boom and provides precision pointing for four 
remote-sensing instruments -- the ultraviolet spec- 
trometer, infrared spectrometer and radiometer, 

- more - 
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photopolarimeter and a two-camera im-aging science sub- 
system. 
(236 lb.). 

Total platform gimballed weight is 107 kg 

With both the RTG and science booms deployed, the 
nearest boom-mounted instrument to a radiation source 
is 4.9 m (16 ft.), with the bulk of the spacecraft be- 
tween the two. The closest platform-mounted instrument 
6.7 m (21 ft.) away. 

A polarimetric calibration target, called a 
brewster plate, is mounted atop the mission module 
structure and aligned so that the photopolarimeter 
views the target during science maneuvers planned for 
the planetary phases of the mission. 

A Pair of 1 0  m (33 ft.) whip antennas are depl?yed 
from a position external to the top ring of the basic 
structure and looking "down" between the RTG boom out- 
rigger members. The antennas, which form a right angle, 
are part of the planetary radio astronomy (PRA) in- 
strument package and are shared with another instrument, 
the plasma wave science unit (PWS). The PRA and PWS 
assemblies are body-mounted adjacently. The antennas, 
beryllium copper tubing, are rolled flat in their 
housing prior to deployment by small electric motors. 

The magnetic fields investigation experiment con- 
sists of an electronics subassembly located in one of 
the mission module electronics bays and four magne- 
tometers -- two high-field sensors affixed to the 
spacecraft and two low-field sensors mounted on a 
13m ( 4 3  ft.) deployable boom. The boom, constructed 
of epoxy glass, spirals from its stowed position within 
an aluminum cylinder and forms a rigid triangular mast 
with one magnetometer attached to its end plate and 
another positioned 6 nl (20 ft.1 closer to the -space- 
craft. The mast itself weighs only 2 . 3  kg (5 lbs.), 
less than the cabling running its length and carrying 
power to and data from the magnetometers. The boom 
housing is a 23 cm ( 9  in-) diameter cylinder, 66 cm 
(26 in.) long, supported by the RTG outrigger. The 
mast uncoils in helix fashion along a line between 
the rear face of the high-gain antenna and the RTG 
boom. 

Basic structure of the propulsion module is a 
44 kg (97  lb.) aluminum semi-monocoque shell. 

- more - 
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The cylinder 1 m (39 in.) in diameter and 0.9 m 
(35 in.) long, is suspended below the mission module 
structure by an eight-member tubular truss adapter. 
The hollow of the structure contains the solid rocket 
motor which delivers the final owered sta e of flight. 
The rocket, which weighs 1,220 ig (2,690 l%.) includinc; 
1,060 kg (2,340 lb.) of propellant, develops an average 
68,000 N (15,300 lb.) thrust during its 43-second burn. 

Mounted on outriggers from the structure are 
eight hydrazine engines to provide attitude control 
during the solid motor burn and prior to propulsion 
module separation and jettison. Hydrazine fuel is 
supplied from the missionmodule. 

A pair of batteries and a remote driver module fo r  
powering the valve drivers to the thrust vector control 
engines are positioned on the outer face of the cylin- 
drical propulsion module structure. 

A 0.37 sq. m (4 Sq. ft.) shunt radiator-science 
calibration target faces outward from the propulsion 
module truss adapter toward the scan platform. The 
dual-purpose structure is a flat sandwich of two 
aluminum radiating surfaces lining a honeycomb core. 
Through an arrangement of power collectors and emitter 
resistors between the plates, any portion of the elec- 
trical power from the RTGs c m  be radiated to space as 
heat. The outer surface also serves as a photometric 
calibration target for the remote sensing science 
instruments on the scan platform. 

The shunt radiator, as well as the propulsion 
module truss adapter, remain part of the mission module 
when the propulsion module is jettisoned. 

Steel alloy-gold foil plume deflectors extend 
from the propulsion module structure to shield the 
stowed RTGs and scan platform from rocket exhaust during 
engine firing. 

The spacecraft adapter, an aluminum truncated cone, 
joins the propulsion module with the Centaur stage of 
the launch vehicle. The adapter, 0.71 m (30 in.) tall, 
1.6 m (63 in.) in diameter at the base (Centaur at- 
tachment), 1.0 m ( 3 9  in.) at the spacecraft separation 
joint and weighs 4 7 . 2  kg (104 lb.). The adapter remains 
with the Centaur rocket stage. 

- more - 
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Launch Configuration 

Some mechanical elements of the spacecraft must be 
rigidly restrained during the severelaunch vibration 
environment. Following the launch 2hase appendages 
which were latched securely within the Centaur stage 
nose fairing are deployed to their cruise positions. 

The spacecraft pyrotechnic subsystem provides 
simple and positive deployment with explosive squibs. 
Devices stowed securely during launch and released for 
deployment by the pyrotechnic system are the science 
boom, RTG boom and magnetometer boom. 

The pyrotechnic subsystem also routes power to 
devices to separate the spacecraft from the launch 
vehicle, activates the propulsion module batteries, 
ignites the solid propellant rocket motor, seals off 
the propellant line carrying hydrazine from the 
mission module to the propulsion module, jettisons 
the propulsion module and releases the Infrared Radi- 
ometer and ,Interfermeter Spectrometer insrument-s dust 
cover. 

Communications 

Communications with the Voyager spacecraft will 
be by radio link between Earth tracking stations and a 
dual frequency radio system aboard the spacecraft. 

The "uplink" operates at S-band, carrying com- 
mands and ranging signals from ground stations to one 
of a pair of redundant receivers. The "downlink" is 
transmitted from the spacecraft at S-band and X-band 
frequencies. 

a programmable flight data subsystem (FDS), modulation 
demodulation subsystem (MDS), data storage sub- 
system (DsS) and high gain and low qain antennas. 

trols the science instruments and formats all science 
and engineering data for telemetering to Earth. The 
telemetry modulation unit (TMU) of the MDS feeds data 
to the downlink. The flight command unit of the MDS 
routes ground commands received by the spacecraft. 

The onboard communications system also includes 

The FDS, one of the three onboard computers, con- 

- more - 
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Only one receiver will be powered at any one 
time with the redundant receiver at standby. The 
receiver will operate continuously during the 
mission at about 2113 MHz. Different frequency 
ranges have been assigned to the radio frequency sub- 
systems of each spacecraft. The receiver can be used 
with either the high gain or low gain antenna. 

The S-band transmitter consists of two redundant 
exciters and two redundant RF power amplifiers of 
which any combination is possible. Only one ex- 
citer-amplifier combination will operate at any one 
time. Selection of the combanation will be by onboard 
failure detection logic within the computer command 
subsytem (CCS) ,  with ground command backup. The same 
arrangement of exciter-amplifier combinations makes 
up the X-band transmitting unit. 

One S-band and both X-band amplifiers employ 
traveling wave tubes (TWT). The second S-band unit 
is a solid-state amplifier. The S-band transmitter 
is capable of operating at 9.4 watts or at 28.3 watts 
when switched to high power and can radiate from both 
antennas. X-band power output is 12 watts and 21.3 
watts. X-band uses only the high gain antenna. (S-band and 
X-band will never operate at high power simultaneously). 

When no uplink signal is being received, the 
transmitted S-band frequency of about 2 2 9 5  MHz and 
X-band frequency of 8418 M H z  originate in the S-band 
exciter's auxiliary oscillator or in a separate ultra 
stable oscillator (one-way tracking.) . With the 
receiver phase-locked to an uplink signal, the re- 
ceiver provides the frequency source for both trans- 
mitters (two-way tracking). The radio system can also 
operate with the receiver locked to an uplink signal 
while the downlink carrier frequencies are determined 
by the onboard oscillators (two-way noncoherent 
tracking). 

At present, only the 64-m (210-ft.) antenna 
stations of the Deep Space Network can receive the 
downlink X-band signal. Both the 64-m and the 26-m 
(85-ft.) antenna stations are capable of receiving at 
S-band. 

The X-band downlink will not be in use during 
about the first 80 days of the mission -- until the 
Earth is within the beam of the spacecraft's hiqh gain 
antenna. 

- more - 
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Communications during launch, near-Earth and early 
cruise phase operations will be confined to S-band and 
the low gain antenna. An exception occurs during the 
first week of flight when the spacecraft, on inertial 
control, points the high gain antenna toward Earth to 
support instrument calibration and an optical navigation 
high-rate telecommunications link test. 

The high gain antenna, with a 3.66-m-diameter 
(12 ft.) parabolic reflector, provides a highly direc- 
tional beam. The low gain antenna provides essentially 
uniform coverage in the direction of Earth. 

Under normal conditions after the first 80 days 
of the mission, all communications -- both S-band and 
X-band -- are via the high gain antenna. X-band is 
turned off, however, and the S-band transmitter and re- 
ceiver are switched to the low gain antenna during 
periodic science maneuvers and trajectory correction 
maneuvers. 

The S-band downlink is always on, operating at high 
power during maneuvers or during the cruise phase only 
when the 26 m ( 8 5  ft.) antenna DSN stations are tracking 
low power whenever X-band is on. At Saturn, both S-band 
and X-band transmitters will be at low power when gyros 
and tape recorder are on simultaneously. 

Commanding the Spacecraft 

Ground commands are used to put into execution se- 
lected flight sequences or to cope with unexpected events. 
Commands can be issued in either a predetermined timed 
sequence via onboard program control or directly as re- 
ceived from the ground. Most commands will be issued by 
the spacecraft's computer command subsystem (CCS) in its 
role as "sequencer of events" and by the flight data 
subsystem (FDS) as controller of the science instruments. 

All communications between spacecraft and Earth will 
be in digital form. Command signals, transmitted at 16 
bits per second (bps) to the spacecraft, will be detected 
in the flight command unit and routed to the CCS for fur- 
ther routing to their proper destination. Ground com- 
mands to the spacecraft fall into two major categories: 
discrete comands and coded commands. 

- more - 
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A discrete command causes a single action on the 
spacecraft. For example, DC-2D switches the S-band 
amplifier to high power: DC-2DR, S-band amplifier low 
power; DC-2E, S-band radiates from high gain antenna: 
DC-2ER, S-band transmits low gain. Coded commands are 
the transfer of digital data from the computer command 
system or from the ground via the CCS to user subsystems. 
Subsystems receiving coded commands are flight data, at- 
titude and articulation control, modulation-demodulation, 
data storage and power. 

Ground commands back up all critical spacecraft 
functions which, in a standard mission, are initiated 
automatically by onboard logic. Command modulation will 
be off during science maneuvers and trajectory correction 
maneuvers unless a spacecraft emergency arises. 

Downlink Telemetry 

Data telemetered from the spacecraft will consist 
of engineering and science measurements prepared for 
transmission by the flight data subsystem, telemetry 
modulation unit and data storage subsystem. The encoded 
information will indicate voltages, pressures, tem- 
peratures, television pictures and other values 
measured by the spacecraft telemetry sensors and science 
instruments. 

Two telemetry channels -- low rate and high rate -- 
are provided for the transmission of spacecraft data. 
The low rate channel functions only at S-band at a s i n o l e  
40 bits per second data rate and contains real time en- 
gineering data exclusively. It is on only during 
planetary encounters when the high rate channel is 
operating at X-band. 

The high rate channel is on throughout the mission, 
operates at either S-band or X-band and contains the 
following types of data: 

Engineering only at 40 bps or 
1,200 bps (the rate usually 
occurs only during launch and 
trajectory correction maneuvers) 
transmitted at S-band only. 

- more - 
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0 R e a l - t i m e  c r u i s e  s c i e n c e  and 
e n g i n e e r i n g  a t  2,560, 1 , 2 8 0 ,  6 4 0 ,  
320, 160 and 80 b .p . s .  ( 4 0 ,  20 
and 1 0  bps may be used f o r  
pos t -Sa turn  o p e r a t i o n s )  t r a n s -  
m i t t e d  a t  S-band on ly .  

0 R e a l  time encounter  g e n e r a l  
s c i e n c e  and eng inee r ing  a t  7 . 2  
k i l o b i t s  p e r  second (a s p e c i a l  
115.2 kbps ra te  w i l l  be 
a v a i l a b l e  f o r  b r i e f  p e r i o d s  a t  
J u p i t e r  f o r  t h e  p l a n e t a r y  r a d i o  
astronomy and plasma wave i n s t r u -  
ments)  t r a n s m i t t e d  a t  X-band only ,  

0 R e a l  time encounter  g e n e r a l  
s c i e n c e ,  eng inee r ing  and te le-  
v i s i o n  a t  115.2,  8 9 . 6 ,  6 7 . 2 ,  
4 4 . 8 ,  2 9 . 9 ,  and 1 9 . 2  kbps 
t r a n s m i t t e d  a t  X-band on ly .  

0 R e a l  time encounter  g e n e r a l  sci- 
ence and e n g i n e e r i n g ,  p l u s  t a p e  
r e c o r d e r  p layback ,  a t  6 7 . 2 ,  4 4 . 8  
and 2 9 . 9  kbps t r a n s m i t t e d  a t  
X-band on ly .  

0 Play  back recorded  d a t a  o n l y  a t  
21.6 and 7 . 2  kbps t r a n s m i t t e d  
a t  X-band on ly .  

0 Memory d a t a  stored i n  t h e  t h r e e  
onboard computers -- CCS, FDS and 
AACS -- r e a d  o u t  and played back 
a t  4 0  o r  1 , 2 0 0  bps t r a n s m i t t e d  
a t  e i t h e r  S-band o r  X-band 
( t r e a t e d  as e n g i n e e r i n s  d a t a ) .  

The numerous d a t a  ra tes  f o r  each t y p e  of t e l eme te red  
in fo rma t ion  are r e q u i r e d  by t h e  changing l e n g t h  of t h e  
te lecommunicat ions l i n k  w i t h  E a r t h  and t h e  p o s s i b l e  ad- 
v e r s e  e f f e c t s  of E a r t h  weather  upon r e c e p t i o n  of  X-band 
r a d i o  s i g n a l s .  The S-band c r u i s e  s c i e n c e  pr imary tele- 
metry ra te  is  2 .560  bgS. 
i n s t rumen t  sampling and w i l l  be used o n l y  when t h e  tele- 
communications l i n k  cannot  s u p p o r t  t h e  h ighe r  ra te .  

Lesser ra tes  r e s u l t  i n  reduced 
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I n  o r d e r  t o  allow r ea l  t i m e  t r a n s m i s s i o n  of v ideo  
in fo rma t ion  a t  each  encoun te r ,  t h e  f l i g h t  d a t a  subsystem 
w i l l  handle  t h e  imaging d a t a  a t  s i x  downlink ra tes  from 
115 .2  t o  1 9 . 2  kbps. The 115.2-kbps r a t e  r eDresen t s  
t h e  s t anda rd  f u l l  f r a m e  r eadou t  a t  48 seconds 
p e r  frame) of  t h e  TV v i d i c o n .  Under normal c o n d i t i o n s ,  
t h i s  r a t e  w i l l  be  used a t  J u p i t e r .  F u l l  f rame,  f u l l  
r e s o l u t i o n  TV from S a t u r n  can be ob ta ined  by i n c r e a s i n g  
t h e  frame r e a d o u t  time t o  144 seconds ( 3 : l  s l o w  s c a n )  
and t r a n s m i t t i n g  t h e  d a t a  a t  44.8 kbps a number 
of o t h e r  s l o w  scan  and frame e d i t  o p t i o n s  are  a v a i l a b l e  
t o  match t h e  c a p a b i l i t y  of t h e  te lecommunicat ions l i n k .  

The d a t a  s t o r a g e  subsystem can  r e c o r d  a t  t w o  
rates: TV p i c t u r e s ,  g e n e r a l  s c i e n c e  and e n g i n e e r i n g  a t  
1 1 5 . 2  kbps; g e n e r a l  s c i e n c e  and e n s i n e e r i n g  o n l y  a t  
7 . 2  kbps ( eng inee r ing  i s  acqu i red  a t  on ly  1 , 2 0 0  
b .p . s . ,  b u t  i s  format ted  w i t h  f i l l e r  t o  match t h e  re- 
c o r d e r  i n p u t  r a t e ) .  The t a p e  t r a n s p o r t  i s  b e l t  d r i v e n .  
I ts  1/2- inch magnet ic  t a p e  i s  328x11 (1 ,075 f t . )  
long  and i s  d i v i d e d  i n t o  e i g h t  t r a c k s  which are recorded  
s e q u e n t i a l l y  one t r a c k  a t  a t i m e .  Tota l  r e c y c l e a b l e  
s t o r a g e  c a p a c i t y  i s  abou t  536 m i l l i o n  b i t s  -- t h e  e- 
q u i v a l e n t  of 1 0 0  TV p i c t u r e s .  Playback i s  a t  f o u r  
speeds  -- 57.6,  3 3 . 6 ,  2 1 . 6  and 7 . 2 k b p s .  

Tracking t h e  S p a c e c r a f t  

T o  ach ieve  t h e  d e s i r e d  maneuver and f l y b y  ac- 
c u r a c i e s  f o r  a m u l t i - p l a n e t / s a t e l l i t e  encounter  m i s s i o n ,  
v e r y  p r e c i s e  n a v i g a t i o n  i s  r e q u i r e d .  

T o  p rov ide  t h e  s t a n d a r d  Doppler t r a c k i n g  d a t a ,  
t h e  S-band s i g n a l  t r a n s m i t t e d  from E a r t h  i s  r e c e i v e d  a t  
t h e  s p a c e c r a f t ,  changed i n  f requency  by a known r a t i o  
and r e t r a n s m i t t e d  t o  E a r t h .  I t  i s  p o s s i b l e  t o  pre-  
c i s e l y  de te rmine  t h e  t r a n s m i t t e d  downlink f requency  
wh i l e  measuring t h e  Doppler s h i f t e d  r e c e i v e d  s i g n a l ,  
t h e r e b y  measuring s p a c e c r a f t  v e l o c i t y .  T h i s  i s  c a l l e d  
cohe ren t  two-way t r a c k i n g .  One-way t r a c k i n g  i s  when no 
u p l i n k  s i g n a l  i s  r ece ived  and t h e  downlink carrier f r e -  
quency i s  provided by an onboard o sc i l l a to r .  Noncoherent 
two-way t r a c k i n g  occurs when u p l i n k  and downlink carriers 
are o p e r a t i n g  independent ly .  
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(When both S-band and X-band transmitters are on, 
X-band frequency will always be 11/3 times the S-band 
frequency regardless of the frequency source -- space- 
craft receiver, ultra stable oscillator or S-band 
exciter auxiliary oscillator.) 

Distance or range to the spacecraft is measured 
in the coherent two-way configuration by transmitting 
a digital code (ranging modulation) on the uplink, 
turning this code around in the spacecraft and sending 
it back to the ground. By measuring the total elapsed 
time between transmitting and receiving the code at the 
ground station and knowing such factors as the speed 
of light, turnaround delay and relative velocities of 
the spacecraft and tracking station, it is possible to 
determine spacecraft range. 

Dual frequency ranging (both $-band and X-band 
ranging on) will be conducted during planetary opera- 
tions phasrJs of the mission and during the cruise 
phases when the Deep Space Network's 64-m (21n- 
ft. antennas are trackinq. Special three-Waysdual- 
frequency ranging cycles will be conducted while two 
or more ground stations on two continents are 
tracking the spacecraft. 

All ranging modulation is turned off during 
science maneuvers, trajectory correction maneuvers 
and planetary occultations. 

Power 

The Voyager power subsystem supplies all elec- 
trical power to the spacecraft by generating, converting, 
conditioning and switching the power. 

Power source for the mission module is an array 
of three radioisotope thermoelectic generators (RTGs), 
developed by the U.S. Energy Research and Development 
Administration (ERDA). The propulsion module, active 
only during the brief injection phase of the mission, 
uses a separate battery source. 

The RTG units, mounted in tandem on a deployable 
boom and connected in parallel, convert to electricity 
the heat released by the isotopic decay of Plutonium- 
238. 
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-29-  

Each isotope heat source has a capacity of 2 4 0 0  
thermal watts with a resultant maximum electrical 
power output of 160 watts at the beginning of the mis- 
sion. There is a gradual decrease in power output. 
The minimum total power available from the three 
RTGs ranges from about 423 watts within a few hours 
after launch to 384 watts after the spacecraft passes 
Saturn. 

Spacecraft power requirements from launch to post- 
Saturn operations are characterized by this general 
power timeline: launch and post-launch, 235 to 265 
watts; interplanetary cruise, 3 2 0  to 365 watts; Ju- 
piter encounter, 384 to 401 watts; Saturn encounter, 
377 to 382 watts; and post-Saturn, less than 365 
watts. 

Telemetry measurements have been selected to pro- 
vide the necessary information for power management 
by ground command, if needed. 

The RTGs will reach full power about six to 
eight hours after launch. During prelaunch opera- 
tions and until about one minute after liftoff, the 
generator interiors are kept filled with an inert 
gas to prevent oxidation of its hot components. 
Venting the generators to space vacuum is achieved 
with a pressure relief device actuated when the out- 
side ambient pressure drops below 10 psia. 

Power from the R T G s  is held at a constant 30 
volts d.c. by a shunt regulator. The 30  volts is sup- 
plied directly to some spacecraft users and is 
switched to others in the power distribution 
subassembly. The main power inverter also is supplied 
the 30 volts d.c. for conversion to 2.4 kHz square wave 
used by most spacecraft subsystems. Again, the a.c. 
power may be supplied directly to users or can be 
switched on or off by power relays. 

Command actuated relays control the distribution 
of power in the spacecraft. Some relays function as 
simple on-off switches and others transfer power 
from one module to another within a subsystem. 

Among the users of d.c. power, in addition to 
the inverter, are the radio subsystem, gyros, pro- 
pulsion isolation valves, some science instruments, 
most temperature control heaters and the motors which 
deploy the planetary radio astronomy antennas. 
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Other elelnents of the Spacecraft use the 2 . 4  
kHz power. 

There are two identical 2.4 kHz power inverters -- 
main and standby. The main inverter is on from launch 
and remains on throughout the mission. In case of 
a malfunction or failure in the main inverter, the 
power chain, after a 1.5-second delay is switched 
automatically to the standby inverter. Once the switch- 
over is made, it is irreversible. 

A 4.8 kHz sync and timing signal from the flight 
data subsystem is used as a frequency reference in the 
inverter. The frequency is divided by two and the 
output is 2 . 4  kHz plus-or-minus 0.002 per cent. This 
timing signal is sent, in turn, to the computer command 
subsystem which contains the spacecraft's master clock. 

Because of the long mission lifetime, charged 
capacitor energy storage bank are used instead of 
batteries to supply the short term extra power de- 
manded by instantaneous overloads which would cause 
the main d.c. power voltage to dip below acceptable 
limits. A typical heavy transient overload occurs 
at turn-on of a radio power amplifier. 

Full output of the RTGs, a constant power source, 
must be used or dissipated in some way to prevent 
overheating of the generator units or d.c. voltage 
rising above allowed maximum. This is controlled by 
a shunt regulator which dumps excess RTG output power 
above that required to operate the spacecraft. The 
excess power is dissipated in resistors in a shunt 
radiator mounted outside the spacecraft and radiated 
into space as heat. 

Two batteries independently supply unrequlated 
d.c. power to a remote driver module (RDM) for power- 
ing valve drivers to the thrust vector control engines 
on the propulsion module during the injection phase 
of the mission. The batteries and the RDM are located 
in the propulsion module which is jettisoned a few 
minutes after the mission module is injected onto a 
Jupiter transfer trajectory. Each battery is composed 
of 22 silver oxide-zinc cells with a capacity of 1200 
ampere seconds at 28 to 4 0  volts, depending upon the 
load. 
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-31- 

Basic  requirement  on t h e  b a t t e r i e s  i s  h igh  power 
W i t h  a l i f e t i m e  of on ly  f o r  a s h o r t  p e r i o d  -- 1 2  minutes .  

66  minutes  t h e  b a t t e r i e s  a r e  kep t  i n e r t  u n t i l  j u s t  f o u r  
seconds b e f o r e  Centaur  s e p a r a t i o n  and 20  seconds b e f o r e  
s o l i d  r o c k e t  i g n i t i o n .  A f t e r  a c t i v a t i o n ,  i n  which an 
e l e c t r o l y t e  i s  i n j e c t e d  i n t o  t h e  c e l l s ,  t h e  b a t t e r i e s  
a r e  a t  f u l l  v o l t a g e  i n  one-half  second and ready  f o r  
u s e  i n  t w o  seconds.  

Computer Command Subsysten 

Hear t  of t h e  onboard c o n t r o l  system i s  t h e  com-  
p u t e r  command subsystem (CCS)  which p rov ides  a s e m i -  
au tomat ic  c a p a b i l i t y  t o  t h e  s p a c e c r a f t .  

The CCS i n c l u d e s  t w o  independent  p l a t e d  w i r e  
memories, each  wi th  a c a p a c i t y  of 4 , 0 9 6  d a t a  words. 
Half of  each memory stores r e u s a b l e  f i x e d  r o u t i n e s  
which w i l l  n o t  change d u r i n g  t h e  miss ion .  The second 
h a l f  i s  reprogrammable by upda te s  from t h e  ground. 

Most commands t o  o t h e r  s p a c e c r a f t  subsystems a r e  
i s s u e d  from t h e  CCS memory, which, a t  any g iven  t i m e ,  
i s  loaded wi th  t h e  sequences a p p r o p r i a t e  t o  t h e  miss ion  
phase.  The CCS a l so  can decode commands from t h e  
ground and pass  them a long  t o  o t h e r  s p a c e c r a f t  sub- 
systems.  

Under c o n t r o l  of an  a c c u r a t e  onboard c l o c k ,  t h e  
CCS coun t s  hours ,  minutes  o r  seconds u n t i l  s o m e  pre-  
programmed i n t e r v a l  has  e l apsed  and t h e n  branches  
i n t o  s u b r o u t i n e s  s t o r e d  i n  t h e  memory which r e s u l t  
i n  commands t o  o t h e r  subsystems. 
can  be a s i n g l e  command or  a r o u t i n e  which i n c l u d e s  
many commands ( e .g .  manipula t ing  t h e  t a p e  r e c o r d e r  
d u r i n g  a playback sequence) .  

A sequencing even t  

The CCS can  i s s u e  commands s i n g l y  f r o m  one of i t s  
two p r o c e s s o r s  o r  i n  a p a r a l l e l  o r  tandem s ta te  from 
bo th  p rocesso r s .  An example of CCS d u a l  c o n t r o l  i s  
t h e  execu t ion  of t r a j e c t o r y  c o r r e c t i o n  maneuvers. 

TCM t h r u s t e r s  a r e  s t a r t e d  wi th  a tandem command 
( b o t h  p r o c e s s o r s  must send c o n s i s t e n t  commands t o  a 
s i n g l e  o u t p u t  u n i t )  and s topped wi th  a p a r a l l e l  c o m -  
mand ( e i t h e r  p rocesso r  working through d i f f e r e n t  
o u t p u t  u n i t s  w i l l  s t o p  t h e  b u r n ) .  
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The CCS can survive any single internal fault. 
Each funtional unit has a duplicate elsewhere in the 
subsystem. 

Attitude Control and Propulsion 

Stabilization and orientation of the spacecraft 
from launch vehicle separation until end of the mission 
is provided by two major engineering subsystems -- 
attitude and articulation control (AACS) and propulsion. 

Propulsion Subsystem 

The propulsion subsystem consists of a large solid- 
propellant rocket motor for final Jupiter transfer 
trajectory velocity and a hydrazine blowdown system 
which fuels 16 thrusters on the mission module and 
eight reaction engines on the propulsion module. 

The single hydrazine (N3Hd) supply is contained 
within a 0.71-rn (28-in.) diameter spherical titanium 
tank separated from the helium pressurization gas by a 
Teflon filled rubber bladder. The tank, located in 
the central cavity of the mission module's 10-sided 
basic structure, will contain 105 kg (231 lb.) of hy- 
drazine at lauqch and will be pressurized at 2 , 9 0 0 , 0 0 0  
newtons/meters (420 p s i ) .  . As the propellant is 
consumed, the helium pressure will decrease to a mini- 
mum of about 9OO,OC?O newtons/meters2 (130 psi). 

All 24 hydrazine thrusters use a catalyst which 
spontaneously initiates and sustains rapid decompo- 
sition of the hydrazine. 

0.89 N (0.2-lb.) thrust. Four are used to execute 
trajectory correction maneuvers; the others in two re- 
dundant six-thruster branches, to stabilize the 
spacecraft on its three axes. 
titude control thrusters is needed at any time. 

The 16 thrusters on the mission module each deliver 

Only one branch of at- 

Mounted on outriggers from the propulsion module 
are four 445 N - ( l O O - l b . )  thrust engines 
which, during solid-motor burn, yrovide thrust-vector 
control on the pitch and yaw axes. Four 22.2-N (5-lb-) 
thrust engines provide roll control. 
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The s o l i d  r o c k e t ,  which weighs 1 , 2 2 0  kg ( 2 , 6 9 0  l b . )  
i n c l u d i n g  1 , 0 6 0  kg (2 ,340 l b . )  of p r o p e l l a n t ,  deve lops  
a n  average  6 8 , 0 0 0  newton ( 1 5 , 3 0 0  l b . )  t h r u s t  du r ing  i t s  
43-second burn d u r a t i o n .  

A t t i t u d e  and A r t i c u l a t i o n  Con t ro l  Subsystem 

The AACS i n c l u d e s  an onboard computer c a l l e d  
HYPACE (hybr id  programmable a t t i t u d e  c o n t r o l  e l e c t r o -  
n i c s ) ,  redundant  Sun s e n s o r s ,  redundant  Canopus z t a r  
t r a c k e r s ,  t h r e e  two-axis  gy ros  and scan  a c t u a t o r s  f o r  
p o s i t i o n i n g  t h e  s c i e n c e  p l a t fo rm.  

The The HYPACE c o n t a i n s  two redundant  4 ,096~word  p l a t e d  
w i r e  m e m o r i e s  -- p a r t  of  which are f i x e d  and p a r t  re- 
programmable -- redundant  p r o c e s s o r s  and inpu t -ou tpu t  
d r i v e r  c i r c u i t s .  For  a nominal mi s s ion ,  t h e  m e m o r i e s  
w i l l  be changed on ly  t o  modify predetermined c o n t r o l  
i n s t r u c t i o n s .  

I n j e c t i o n  P ropu l s ion  Con t ro l  

Because of  t h e  energy r e q u i r e d  t o  ach ieve  a Ju-  
p i t e r  b a l l i s t i c  t r a j e c t o r y  w i t h  an 8 0 0  kg (1750  l b . )  
payload,  t h e  s p a c e c r a f t  launched by t h e  T i t a n  I11 E/  
Centaur  i n c l u d e s  a f i n a l  p r o p u l s i v e  s t a g e  which adds 
a v e l o c i t y  increment  of about  7 , 2 0 0  kmps ( 4 , 5 0 0  mph).  

The s o l i d  rocket motor i n  t h e  p ropu l s ion  module i s  
i g n i t e d  1 5  seconds a f t e r  t h e  s p a c e c r a f t  s e p a r a t e s  from 
t h e  Centaur  and burns  f o r  about  4 3  seconds.  F i r i n g  
c i r c u i t s  t o  t h e  motor are  armed d u r i n g  t h e  launch ve- 
h i c l e  countdown. 

The f o u r  100-lb. t h r u s t  eng ines  p rov ide  pi-tch 
and yaw a t t i t u d e  c o n t r o l  and t h e  f o u r  5-lb. 
t h r u s t  eng ines  p rov ide  r o l l  c o n t r o l  u n t i l  burnout  of  
t h e  s o l i d  r o c k e t  motor.  The hydraz ine  eng ines  respond 
t o  p u l s e s  from t h e  AACS's computer.  Only two p i t c h -  
yaw and two r o l l  eng ines  a t  most are t h r u s t i n g  a t  any 
g iven  t i m e .  
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P r i o r  to solid rocket ignition and following burn- 
out, only the smaller roll engines are required until 
the propulsion module is separated from the mission 
module. They are so oriented on the propulsion module 
that, by proper engine selection by the AACS, attitude 
control is maintained on all three axes. 

Approximately 11 minutes after solid rocket burnout, 
the propulsion module is jettisoned. Several seconds 
earlier, the propellant line carrying hydrazine from 
the missionmodule to the propulsion module is sealed 
and separated. 

Celestial Reference Control 

The Sun sensors, which look through a slot in the 
high gain antenna diah, are electro-optical devices 
that send attitude position error signals to HYPACE, 
which, in turn, signals the appropriate attitude con- 
trol thruster to fire and turn the spacecraft in the 
proper direction. Sun lock stabilizes the spacecraft 
on two axes (pitch and yaw). 

The star Canopus, one of the brightest in the 
galaxy, is the second celestial reference for three- 
axis stabilization. Two Canopus trackers are mounted 
so that their lines of sight are parallel. Only one 
is in use at any one time. The star tracker, through 
HYPACE logic, causes the thrusters to roll the space- 
craft about the already fixed Earth or Sun pointed roll 
axis until the tracker is locked on Canopus. Bright- 
ness of the tracker's target star is telemetered to 
the ground to verify the correct star has been 
acquired. 

To enhance downlink communications capability, the 
Sun sensor will be electrically biased (offset) by com- 
mands from the computer command subsystem to point the 
roll axis at or as near the Earth as possible. The Sun 
sensor can be biased plus and minus 20 degrees in both 
pitch and yaw axes. 

is the normal attitude control mode for crmise phases 
batween planets. 

Three axis stabilization with celestial reference 
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I n e r t i a l  Reference C o n t r o l  

The s p a c e c r a f t  can  be s t a b i l i z e d  on one axis ( r o l l )  
o r  a l l  three a x e s  w i t h  t h e  AACS's i n e r t i a l  r e f e r e n c e  
u n i t ,  c o n s i s t i n g  of t h r e e  gyros .  

Appropr i a t e  i n e r t i a l  r e f e r e n c e  modes are  used 
whenever t h e  s p a c e c r a f t  i s  n o t  on Sun-s ta r  c e l e s t i a l  
lock. Such s i t u a t i o n s  i n c l u d e :  ma in ta in ing  i n e r t i a l  
r e f e r e n c e  from Centaur  s e p a r a t i o n  u n t i l  i n i t i a l  celes- 
t i a l  a c q u i s i t i o n  i s  achieved: purpose ly  t u r n i n g  t h e  
spacecraft of f  Sun-star  l ock  t o  do directed t r a j e c t o r y  
c o r r e c t i o n s  o r  s c i e n c e  in s t rumen t  mappings o r  c a l i b r a -  
t i o n s :  p rov id ing  a r e f e r e n c e  when t h e  Sun i s  o c c u l t e d ;  
and p rov id ing  a r e f e r e n c e  when concern e x i s t s  t h a t  
t h e  Canopus o r  Sun senso r  w i l l  d e t e c t  s t r a y  i n t e n -  
s i t y  f r o m  unwanted s o u r c e s  -- p l a n e t s ,  r i n g s ,  s a t e l l i t e s .  

Each gyro has associated electronics t o  p rov ide  
p o s i t i o n  in fo rma t ion  abou t  t w o  o r thogona l  axes  (Gyro A: 
p i t c h  and yaw, Gyro B: r o l l  and p i t c h ,  Gyro C:  yaw 
and r o l l ) .  Normally, two gyros  w i l l  be on fo r  any i n -  
e r t i a l  mode. The gyros have two s e l e c t a b l e  rates,  one 

t h e  o t h e r  f o r  mis s ion  module c r u i s e  and t r a j e c t o r y  
c o r r e c t i o n  and s c i e n c e  maneuvers. 

-- h igh  ra te  -- fo r  p r o p u l s i o n  module i n j e c t i o n  phase: 

T r a j e c t o r y  C o r r e c t i o n  Maneuvers 

T h e  Voyager t r a j e c t o r i e s  are planned around e igh t  
t r a j e c t o r y  c o r r e c t i o n  maneuvers (TCM) w i t h  each  space-  
c r a f t  between launch and S a t u r n  encounter .  Miss ion  re- 
qui rements  c a l l  f o r  ex t remely  a c c u r a t e  maneuvers t o  
reach t h e  desired zones a t  J u p i t e r ,  S a t u r n  and t h e  
ta rge t  sa te l l i t es .  Total  v e l o c i t y  increment  c a p a b i l i t y  
f o r  each spacecraft i s  about  724  h / h r  ( 4 5 0  m p h ) .  

The f i r s t  maneuver i s  planned f o r  t h e  p e r i o d  from 
launch  p l u s  f ive  days  t o  launch  p l u s  15 days .  The 
burn may take  several hour s ,  depending upon launch  ve- 
h i c l e  and i n j e c t i o n  phase t r a j e c t o r y  errors and may 
be done i n  several par t s  because of t h e r m a l  c o n s t r a i n t s  
a t  t h i s s u n - s p a c e c r a f t  d i s t a n c e .  Subsequent TCMs w i l l  
n o t  be so c o n s t r a i n e d .  Three more maneuvers will be 
executed  p r i o r  t o  closest approach t o  J u p i t e r  and f o u r  
more between J u p i t e r  and Sa tu rn .  

- more - 
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TCM sequencing is underecontrol of the computer 
command subsystem (CCS) which sends the required turn 
angles to the AACS for positioning the spacecraft at 
the correct orientation in space and, at the proper 
time, sends commands to the AACS to start and stop 
the TCM burn. Attitude control is maintained by pulse- 
off sequencing of the TCM engines and pulse-on sequen- 
cing of two attitude control roll thrusters. Position 
and rate signals are obtained from the gyros. Following 
the burn, reacquisition of the cruise celestial re- 
ferences is accomplished by unwinding the commanded 
turns -- repeating the turn sequence in reverse order. 
A l l  TCMs are enabled by ground command. 

Science Platform (Articulation Control) 

Voyager's two television cameras, ultraviolet 
spectrometer, photopolarimeter and infrared spectro- 
meter and radiometer are mounted on a scan platform 
which can be rotated about two axes for precise point- 
ing at Jupiter, Saturn and their satellites during the 
planetary phases of the flight. The platform is lo- 
cated at the end of the science boom. Total gimballed 
weight is 107 kg (236 lb.) . 

Controlled by the attitude and articulation con- 
trol subsystem (AACS), the platform allows multiple 
pointing directions of the instruments. Driver circuits 
for the scan actuators -- one for each axis -- are lo- 
cated in the AACS computer. The platform's two axes 
of rotation are described as the azimuth angle motion 
about an axis displaced 7 degrees from the spacecraft 
roll axis (perpendicular to the boom centerline) 
and elevation angle motion about an axis perpendi- 
cular to the azimuth axis and rotating with the azimuth 
axis. Anglar range is 360 degrees in azimuth and 210 
degrees in elevation. 

The platform is slewed one axis at a time with 
selectable slew rates in response to computer command 
subsystem commands to the AACS. Slew rates are: high 
rater 1 degree per second; medium rate: . 3 3  degree 
/s;  low rate; .083 degrees/s; and a special UVS low 
rate: .0052 degree/s Camera line of sight will be 
controlled to within 2.5  milliradians. 

- more - 
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Temperature C o n t r o l  

The two Voyager s p a c e c r a f t  are des igned  t o  o p e r a t e  
f a r t h e r  from E a r t h  t h a n  any p rev ious  man made o b j e c t .  
S u r v i v a l  depends g r e a t l y  upon keeping t empera tu res  
w i t h i n  o p e r a t i n g  l i m i t s  wh i l e  t h e  s p a c e c r a f t  t r a v e r s e s  
an  environmental  range of one s o l a r  c o n s t a n t  a t  t h e  
E a r t h  d i s t a n c e  t o  f o u r  pe r  c e n t  of t h a t  s o l a r  i n t e n -  
s i t y  a t  J u p i t e r  and less t h a n  one p e r  c e n t  a t  Sa tu rn .  

Unprotected s u r f a c e s  a t  t h e  Sa tu rn  r ange ,  n e a r l y  
one b i l l i o n  m i l e s  from t h e  Sun can r e a c h  1 9 6  C 
( 3 2 1  F )  below ze ro  -- t h e  tempera ture  of l i q u i d  n i t r o -  

gen. 

Both t o p  and bottom of t h e  mis s ion  module ' s  basic 
decagon s t r u c t u r e  a r e  enc losed  wi th  m u l t i - l a y e r  thermal  
b l a n k e t s  t o  p reven t  t h e  r a p i d  loss of  h e a t  t o  t h e  c o l d  
of sx>ace. The b l a n k e t s  a r e  sandwiches of a luminized 

L 

Mylar,  s h e e t s  of Ted la r  f o r  micrometeroid p r o t e c t i o n  
and o u t e r  b l ack  Kapton cove r s  which a r e  e l e c t r i c a l l y  
conduct ive  t o  p reven t  t h e  accumulat ion of e l e c t r o -  
s t a t i c  cha rges .  

Also e x t e n s i v e l y  b lanketed  are t h e  i n s t r u m e n t s  on 
t h e  scan  p l a t fo rm.  S m a l l e r  b l a n k e t s  and thermal  wrap 
cover  e i g h t  e l e c t r o n i c s  bays ,  boom and body-mounted i n -  
s t rumen t s ,  c a b l i n g ,  p r o p e l l a n t  l i n e s  and s t r u c t u r a l  
s t r u t s .  Only a few e x t e r i o r  e lements  of t h e  s p a c e c r a f t  
a r e  n o t  c l a d  i n  t h e  b l ack  f i l m  -- t h e  h igh  g a i n  antenna 
r e f l e c t o r ,  plasma s e n s o r s ,  sun s e n s o r s  and an tenna  
f e e d  cones.  

Temperature c o n t r o l  of f o u r  of t h e  1 0  e l e c t r o n i c s  
compartments i s  provided by t h e r m o s t a t i c a l l y - c o n t r o l l e d  
louve r  a s sembl i e s  which provide  an  i n t e r n a l  o p e r a t i n g  
range  near  room tempera ture .  The l o u v e r s  are r o t a t e d  
open by b i m e t a l l i c  s p r i n g s  when l a r g e  amounts of h e a t  
a r e  d i s s i p a t e d .  These bays c o n t a i n  t h e  power condi-  
t i o n i n g  equipment,  t h e  r a d i o  power a m p l i f i e r s ,  t h e  
HYPACE and t h e  t a p e  r e c o r d e r .  Mini- louvers  are  lo- 
c a t e d  on t h e  scan  p l a t f o r m ,  cosmic r a y  in s t rumen t  and 
and t h e  Sun s e n s o r s .  

- more - 
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Radiodiso tope  h e a t i n g  u n i t s  ( R H U ) ,  smal l  non- 
power-using h e a t e r  e l e m e n t s  which genera te  one w a t t  
of thermal  energy ,  a r e  l o c a t e d  on t h e  magnetometer sen-  
s o r s  and t h e  Sun s e n s o r s .  N o  RHUS a r e  used nea r  i n -  
s t rumen t s  which detect charged particles.  

Elec t r ic  h e a t e r s  a r e  l o c a t e d  throughout  t h e  space- 
c r a f t  t o  p rov ide  a d d i t i o n a l  h e a t  d u r i n g  c e r t a i n  p o r t i o n s  
of t h e  mis s ion .  Many of t h e  h e a t e r s  a r e  tu rned  off 
when t h e i r  r e s p e c t i v e  v a l v e s ,  i n s t r u m e n t s  o r  subas- 
sembl ies  are on and d i s s i p a t i n g  power. 

-more- 
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MISSION PROFILE 

T r a j e c t o r i e s  f o r  t h e  Voyager f l i g h t s  were chosen 
n o t  on ly  t o  g i v e  s c i e n t i s t s  c l o s e  up looks a t  t h e  p l a n e t s  
b u t  a t  many i m p o r t a n t  s a t e l l i t e s .  
a mis s ion  t o  more t h a n  15  major  b o d i e s  i n  t h e  s o l a r  
system. 

I n  f a c t ,  Voyager i s  

According t o  t h e  m i s s i o n  p l a n ,  Voyaqer 2 w i l l  be 
launched f i r s t .  Voyager 1 w i l l  f l y  a f a s t e r  t r a j e c t o r y  
and w i l l  o v e r t a k e  Voyager 2 b e f o r e  t h e y  r e a c h  J u p i t e r .  
Voyager 1 w i l l  a r r ive a t  J u p i t e r  f o u r  months ahead of  
Voyager 2 and w i l l  be n i n e  months o u t  i n  f r o n t  by t h e  
t i m e  i t  r e a c h e s  S a t u r n .  

Each Voyager u s e s  1 0  i n s t r u m e n t s  and t h e  space-  
c r a f t  rad io  t o  per form 11 i n v e s t i g a t i o n s .  They w i l l  
s t u d y  t h e  two p l a n e t s ,  S a t u r n ' s  r i n g s ,  a t  l e a s t  11 of 
t h e i r  s a t e l l i t e s  and i n t e r p l a n e t a r y  space .  

T h e  t r a j e c t o r y  f o r  each s p a c e c r a f t  i s  unique.  
Computer s i m u l a t i o n s  of many p o s s i b l e  f l i g h t  p a t h s  were 
used f o r  a n a l y s i s .  The f i n a l  cho ice  w i l l  a f f o r d  
maximum coverage  o f  b o t h  p l a n e t s  and t h e i r  major  
s a t e l l i t e s .  The s p a c e c r a f t  w i l l  make e q u a t o r i a l  p a s s e s  
a t  J u p i t e r  and use  t h e  g i a n t  p l a n e t ' s  g r a v i t y  t o  b o o s t  
them toward Sa tu rn .  The Voyagers w i l l  g e t  good views 
o f  S a t u r n ' s  p o l a r  r e g i o n ,  a c l o s e  f ly-by  of T i t a n  and 
w i l l  s t u d y  s e v e r a l  o f  i t s  o t h e r  s a t e l l i t e s  a t  c l o s e  
range.  An o p t i o n  e x i s t s  f o r  t h e  l a t e r  a r r i v i n g  Voyager -- 
i f  e v e r y t h i n g  h a s  gone w e l l  and t h e  s p a c e c r a f t  i s  s t i l l  
h e a l t h y  -- to f l y  on t o  Uranus. 

S c i e n t i f i c  o p e r a t i o n s  b e g i n  soon a f t e r  l aunch ,  when 
o b s e r v a t i o n s  o f  t h e  E a r t h  and Moon w i l l  be  made. F i e l d s  
and p a r t i c l e s  measurements w i l l  a l s o  commence s h o r t l y  
a f t e r  launch .  

I n  a d d i t i o n  t o  mon i to r ing  t h e  s o l a r  wind and r e l a t e d  
phenomena c o n s t a n t l y ,  each  s p a c e c r a f t  w i l l ,  abou t  eve ry  
50 m i l l i o n  m i l e s ,  s p i n  s lowly  t o  c a l i b r a t e  i n s t r u m e n t s  
and t a k e  o p t i c a l  measurements i n  a l l  d i r e c t i o n s .  

- m o r e -  
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The f i r s t  Voyager w i l l  approach w i t h i n  80 m i l l i o n  
k m  ( 5 0  m i l l i o n  m i . )  of J u p i t e r  on D e c .  1 5 ,  
1 9 7 8 .  A t  t h a t  d i s t a n c e ,  J u p i t e r ' s  d i s c  w i l l  be  l a r g e  
enough so t h e  narrow-angle t e l e v i s i o n  camera can beg in  
i t s  " o b s e r v a t o r y  phase" 80 days b e f o r e  c l o s e s t  approach. 

The camera w i l l  t a k e  hundreds of  c o l o r  images of  
t h e  p l a n e t .  They w i l l  be  r eco rded  on t h e  space-  
c r a f t ' s  t a p e  r e c o r d e r  and t r a n s m i t t e d  t o  E a r t h  d a i l y .  
U l t r a v i o l e t ,  i n f r a r e d  and p o l a r i m e t r y  o b s e r v a t i o n s  o f  
t h e  v i s i b l e  d i s c  of  J u p i t e r  are p lanned .  Magnetic- 
f i e l d ,  plasma-dave and r a d i o  astronomy exper iments  w i l l  
make con t inuous  o b s e r v a t i o n s  of  J u p i t e r  and space  
around it. C h a r g e d - p a r t i c l e  s e n s o r s  -- from t h e  plasma 
d e t e c t o r  a t  t h e  low end of t h e  energy  spectrum t o  t h e  
cosmic-ray c o u n t e r  a t  t h e  high-energy end -- w i l l  
obse rve  s o l a r  phenomena as t h e y  s e a r c h  f o r  t h e  boundary 
of  J u p i t e r ' s  magnetosphere.  

On Feb. 5 ,  1 9 7 9 ,  when Voyager 1 i s  30 days  and 30 
m i l l i o n  km ( 1 8 . 6  m i l l i o n  m i . )  from J u p i t e r ,  t h e  p l a n e t  
w i l l  have grown t o  2 1 / 2  t i m e s  t h e  s i z e  i t  appeared i n  
December. Scanning i n s t r u m e n t s  w i l l  produce more 
p i c t u r e s ,  s p e c t r a  and o t h e r  measurements. S c i e n t i s t s  
concerned w i t h  J u p i t e r ' s  atmosphere w i l l  se lec t  f e a t u r e s  
o f  s p e c i a l  i n t e r e s t  -- such as t h e  Great Red Spo t  and 
t r a n s i e n t  s to rms .  Those i n t e r e s t e d  i n  J u p i t e r ' s  
s a t e l l i t e s  w i l l  p r e p a r e  f o r  lo.ng-range and c lose-up  
s t u d i e s .  S c i e n t i s t s  who s t u d y  t h e  magnetosphere,  
plasma i n t e r a c t i o n  and charged p a r t i c l e s  around J u p i t e r  
w i l l  watch f o r  Voyager t o  c r o s s  t h e  boundary between 
i n t e r p l a n e t a r y  space  and J u p i t e r ' s  domain, expec ted  
abou t  1 0  days b e f o r e  c l o s e s t  approach.  

E igh teen  days b e f o r e  c l o s e s t  approach ,  J u p i t e r  
w i l l  loom t o o  l a r g e  f o r  t h e  narrow-angle camera t o  
cove r  i n  t h e  a v a i l a b l e  t i m e .  it w i l l  s u r r e n d e r  survey  
d u t i e s  t o  t h e  wide-angle i n s t r u m e n t .  The narrow-angle 
camera w i l l  f o l low s e l e c t e d  f e a t u r e s .  Spec t romete r s  
w i l l  s c a n  t h e  atmosphere and c loud  t o p s  t o  h e l p  
de te rmine  t h e  composi t ion  and n a t u r e  of t h e  b r i l l i a n t  
bands.  

-more- 
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N e a r  encoun te r  w i l l  occu r  d u r i n g  t h e  f i r s t  days 
o f  March 1 9 7 9  (page 4 4 ) .  A c t i v i t y  w i l l  r e a c h  a peak 
on-board t h e  s p a c e c r a f t  and a t  t h e  Mission C o n t r o l  
Cen te r  a t  J e t  P r o p u l s i o n  Labora tory .  S h o r t l y  b e f o r e  
closest  approach t o  J u p i t e r  -- a t  4 a . m .  ( P S T ) ,  
March 5 ,  1 9 7 9  -- Mariner  w i l l  f l y  w i t h i n  4 1 5 , 0 0 0  km 
(258,000 m i . )  of  Amalthea, innermost  o f  J u p i t e r ' s  
many s a t e l l i t e s ,  g i v i n g  s c i e n t i s t s  t h e i r  f i r s t  c l o s e  
look  a t  t h e  t i n y  o b j e c t .  

T h e  s p a c e c r a f t  w i l l  f l a s h  p a s t  J u p i t e r  about  
278,000 km (173,000 m i . )  from t h e  s u r f a c e  of t h e  p l a n e t .  
Then, f o r  a l m o s t  two hour s ,  c o n t r o l l e r s  w i l l  lose 
c o n t a c t  w i t h  Voyager 1 as i t  i s  o c c u l t e d  by J u p i t e r  
w h i l e  i t s  on-board computer d i r e c t s  t h e  f l i g h t ,  t h e  
d a t a  c o l l e c t i o n  by i t s  i n s t r u m e n t s  and r e c o r d i n g  f o r  
l a t e r  playback t o  E a r t h .  Fol lowing t h i s  closest  
approach t o  J u p i t e r  and j u s t  b e f o r e  t h e  s p a c e c r a f t  
e n t e r s  J u p i t e r ' s  shadow, t h e  s p a c e c r a f t  w i l l  examine 
Io  from 2 2 , 0 0 0  km (13,700 m i . ) .  A s  t h e  s p a c e c r a f t  
p a s s e s  I o  it w i l l  f l y  th rough t h e  " f lux - tube , "  a 
r e g i o n  of  magnet ic  and plasma i n t e r a c t i o n  between J u p i t e r  
and Io.  Disappearance of  t h e  s p a c e c r a f t  behind  J u p i t e r  
w i l l  a l l ow s c i e n t i s t s  t o  s t u d y  t h e  upper  atmosphere of  
t h e  p l a n e t  as s u n l i g h t  and t h e  dua l - f requency  (S-band 
and X-band) r a d i o  l i n k s  c u t  o f f  and t h e n  r eappea r .  

A f t e r  p a s s i n g  J u p i t e r ,  Voyager 1 w i l l  examine 
t h r e e  more of t h e  f o u r  b i g  G a l i l e a n  s a t e l l i t e s :  
Europa from 733,000 km (455,000 m i . ) ;  Ganymede from 
115,000 k m  (71,500 m i . ) ;  and C a l l i s t o  from 1 2 4 , 0 0 0  km 
( 7 7 , 0 0 0  m i . ) .  

J u p i t e r ' s  g r a v i t y  w i l l  s l i n g s h o t  Voyager toward 
S a t u r n ,  750 m i l l i o n  km ( 4 6 6  m i l l i o n  m i . )  f a r t h e r  from 
t h e  Sun. Voyager w i l l  con t inue  t o  s t u d y  J u p i t e r  and 
i t s  s a t e l l i t e s  u n t i l  e a r l y  A p r i l ,  about  a month a f t e r  
c l o s e s t  approach.  

P l a n e t a r y  o p e r a t i o n s  w i t h  t h e  second s p a c e c r a f t  
w i l l  b e g i n  abou t  A p r i l  2 0 ,  1 9 7 9 .  I t s  o b s e r v a t o r y  
phase  w i l l  c o n t i n u e  ea r l i e r  measurements f o r  a look 
a t  t h e  p l a n e t  t h a t  cove r s  more t h a n  e i g h t  months. 

-more- 
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TYPICAL VOYAGER FLYBYS OF JUPITER AND SATURN 

LAUNCH DATE = 9/1/77 
JUPITER ARRIVAL  DATE = 3 /5/79 

1466,000 MI ) 

LAUNCH DATE = 9/1/77 
SATURN ARRIVAL  DATE = 11/13/80 

//I-- (62,100 MI ) 

LAUNCH DATE = 8/20/77 
SATURN ARRIVAL  DATE = 8 /27/81 LAUNCH DATE = 8/20/77 

ARR I VAL DATE = 7/9/79 
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T o  avo id  r a d i a t i o n  haza rds  c l o s e  t o  J u p i t e r ,  t h e  
second Voyager w i l l  f l y  abou t  9 J u p i t e r  r a d i i  ( 6 4 3 , 0 0 0  
km o r  400,r)OO m i . )  from t h e  v i s i b l e  c loud  s u r f a c e .  I t  
w i l l  n o t  r e p e a t  t h e  c l o s e  f l y b y  o f  Io .  I t  w i l l  survey  
C a l l i s t o  from 2 2 0 , 0 0 0  k m  ( 1 3 7 , 0 0 0  m i . )  and Ganymede 
from 5 5 , 0 0 0  km ( 3 4 , 0 0 0  m i . ) .  I t  w i l l  f l y  w i t h i n  
2 0 1 , 0 0 0  km (125,000 m i . )  of Europa and w i l l  t a k e  a 
qu ick  look a t  Amalthea. C l o s e s t  approach t o  J u p i t e r  
w i l l  t a k e  p l a c e  J u l y  1 0 ,  1 9 7 9 .  The remainder  of t h e  
month and t h e  f i r s t  week i n  August w i l l  be  t aken  up 
w i t h  outbound o b s e r v a t i o n s .  

About a y e a r  a f t e r  t h e  J u p i t e r  phase  of  t h e  mis s ion  
ends ,  Voyager 1 w i l l  beg in  i t s  s t u d i e s  of S a t u r n  -- 
Aug. 2 4 ,  1 9 8 0 .  

The image of  t h e  r i n g e d  p l a n e t  w i l l  grow i n  t h e  
narrow-angle camera's f i e l d  of  view through t h e  f a l l  
of 1980. By l a t e  Q c t o b e r ,  t h e  r i n g s  w i l l  be t o o  b i g  t o  
be c a p t u r e d  i n  a s i n g l e  frame and it w i l l  be  necessa ry  
t o  mosaic m u l t i p l e  frames. N o  one knows how e x t e n s i v e  
S a t u r n ' s  magnetosphere i s ,  s o  t h e  p a r t i c l e s  and f i e l d s  
i n s t r u m e n t s  w i l l  b eg in  cont inuous  h i g h - r a t e  d a t a  
a c q u i s i t i o n  a month b e f o r e  t h e  Nov. 1 2  c l o s e s t  
approach.  

P l a n s  f o r  t h e  f i r s t  Voyager c a l l  f o r  a f l y b y  
w i t h i n  4 , 0 0 0  km (2,500 m i . )  of  t h e  s o u t h e r n  r e g i o n s  
o f  t h e  major s a t e l l i t e  T i t a n ,  whose d i ame te r  i s  abou t  
5,800 km ( 3 , 6 0 0  m i . )  and whose m a s s  i s  about  double  
t h a t  of  E a r t h ' s  moon. The s p a c e c r a f t  w i l l  f l y  p a s t  
Tethys abou t  an hour  and a h a l f  b e f o r e  i t  r e a c h e s  
S a t u r n  and t h e n  w i l l  be o c c u l t e d  bo th  from E a r t h  and 
t h e  Sun. 

Voyager 1 w i l l  f l y  p a s t  S a t u r n ' s  s o u t h e r n  hemi- 
s p h e r e ,  abou t  138,000 km (85,800 m i . )  from t h e  c e n t e r  
o f  t h e  p l a n e t .  Wide-angle and narrow-angle camerasand 
pho tomet r i c ,  u l t r a v i o l e t  and i n f r a r e d  i n s t r u m e n t s  w i l l  
s t u d y  S a t u r n  and i t s  r i n g s  i n t e n s i v e l y .  The magneto- 
s p h e r e  and accompanying r e g i o n s  of  t r a p p e d  charged 
p a r t i c l e s  w i l l  be  c h a r t e d  a long  t h e  s p a c e c r a f t ' s  pa th .  

- m o r e -  
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Voyager w i l l  l o s e  c o n t a c t  w i t h  E a r t h  f o r  a 
s h o r t  t i m e  -- as i t  d i d  a t  J u p i t e r  -- when it p a s s e s  
behind  S a t u r n  and t h e  r i n g s .  C a r e f u l  measurement of  
t h e  rad io  t r a c k i n g  s i g n a l s  w i l l  p rov ide  a p h y s i c a l  
p r o f i l e  deep i n t o  t h e  atmosphere and w i l l  h e l p  
s c i e n t i s t s  e x p l a i n  t h e  n a t u r e  and s t r u c t u r e  of  t h e  
r i n g s .  

A s  t h e  s p a c e c r a f t  f l i e s  away from S a t u r n ,  
su rveys  of  t h e  s a t e l l i t e s  Enceladus and Rhea are 
planned and i t s  scan  p l a t f o r m  w i l l  look back a t  t h e  
l i g h t e d  c r e s c e n t  and t i l t e d  r i n g s  o f  S a t u r n ,  c o l l e c t i n g  
long-range in fo rma t ion  f o r  a n o t h e r  month. 

S i x  months a f t e r  t h e  end o f  t h e  first S a t u r n  
e n c o u n t e r ,  on June  8 ,  1981, Voyager 2 w i l l  move i n t o  
range.  NASA h a s  l e f t  o p t i o n s  open f o r  t h e  f lyby .  
There are two cho ices :  I f  a l l  has  gone w e l l ,  w i t h  a 
s u c c e s s f u l  f i r s t  encoun te r  of  S a t u r n  and a h e a l t h y  
second s p a c e c r a f t ,  a t r a j e c t o r y  may be  p icked  t h a t  
w i l l  b o o s t  t h e  second s p a c e c r a f t  toward t h e  p l a n e t  
Uranus. The p l a n  c a l l s  f o r  a f a i r l y  c l o s e  p a s s  a t  
S a t u r n ,  c r o s s i n g  t h e  p l a n e  o f  t h e  r i n g s  abou t  38,000 
km (23,600 m i . )  beyond t h e  v i s i b l e  o u t e r  edge,  g i v i n g  
up a r e p e a t  of  t h e  c l o s e  T i t a n  p a s s .  I n s t e a d ,  T i t a n  
w i l l  come w i t h i n  353,000 km ( 2 1 9 , 0 0 0  m i . ) ;  Rhea 
254,000 km ( 1 5 0 , 0 0 0  m i . ) ;  Te thys  159,000 km ( 9 9 , 0 0 0  
m i . ) ;  M i m a s  and Enceladus less than  1 0 0 , 0 0 0  km ( 6 2 , 0 0 0  
m i . ) ;  and Dione 1 9 6 , 0 0 0  km ( 1 2 2 , 0 0 0  m i . ) .  

Another o p t i o n  i s  t o  t a r g e t  f o r  a c l o s e  encoun te r  
w i t h  T i t a n  on a s i m i l a r  t r a j e c t o r y  as t h e  f i r s t  
s p a c e c r a f t .  

C l o s e s t  approach t o  S a t u r n  w i l l  occu r  a t  8:50 
a . m .  ( E D T ) ,  Aug. 27, 1981. Voyager w i l l  f i n i s h  i t s  
o b s e r v a t i o n  sequence by t h e  end of September. The 
two s p a c e c r a f t  w i l l  have completed thorough examinat ions  
of t h e  t w o  p l a n e t s  and t h e i r  s a t e l l i t e  systems.  The 
q u a n t i t y  of  p l a n e t a r y  d a t a  w i l l  exceed t h a t  from 
Mariner  9 i n  i t s  11-month survey  of Mars i n  1970-71, t o  
which may be added s e v e r a l  y e a r s '  worth of f i e l d s  and p a r t i c l e s  
measurements i n  t h e  o u t e r  s o l a r  system. The atmospheres 
and magnetospheres of  t h e  p l a n e t s  w i l l  have been 
ana lyzed  and c h a r t e d ,  and f i v e  J o v i a n  and s i x  o r  seven 
S a t u r n i a n  s a t e l l i t e s  surveyed i n  va ry ing  d e t a i l .  

-more- 
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I f  t h e  Uranus o p t i o n  i s  e x e r c i s e d ,  Voyager w i l l  
r e a c h  t h e  seven th  p l a n e t  from t h e  Sun by Jan .  3 0 ,  1 9 8 6 .  

Uranus i s  markedly d i f f e r e n t  from t h e  o t h e r  gas  
g i a n t s .  I t  i s  t i l t e d  so f a r  on i t s  a x i s  t h a t  t h e  poles 
a l i g n  a lmost  w i t h  t h e  p l a n e  of  t h e  e c l i p t i c .  I n  
r e l a t i o n  t o  t h e  o t h e r  p l a n e t s ,  Uranus r o l l s  a long  on 
i t s  s i d e .  Svery  8 4  y e a r s  t h e  Sun s h i n e s  d i r e c t l y  on 
t h e  n o r t h  p o l e ;  4 2  y e a r s  l a t e r  t h e  n o r t h e r n  hemisphere 
i s  da rk  and t h e  s o u t h e r n  p o l e  p o i n t s  sunward. I n  
1 9 8 6  t h e  o r i e n t a t i o n  w i l l  a l l ow t h e  s p a c e c r a f t  t o  f l y  
a lmos t  v e r t i c a l l y  through t h e  e q u a t o r i a l  and s a t e l l i t e  
p l ane .  T h i s  geometry g i v e s  an e x c e l l e n t  p r o f i l e  o f  
any magnetosphere and plasma c loud  t h a t  may be  p r e s e n t  
and an examinat ion  of t h e  s u n l i t  hemispheres  o f ~ U r a n u s  
and several  of  i t s  s a t e l l i t e s  i n c l u d i n g  i t s  l a r g e s t ,  
Miranda. Voyager 2 can t h e n  f l y  o u t  th rough t h e  p l a n e t ' s  
wake, l ook ing  back a t  t h e  s o u t h e r n  hemisphere.  

-more- 
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J U P I T E R  

Every th ing  about  J u p i t e r  i s  enormous: when t h e  
s o l a r  system formed, most of  t h e  m a t e r i a l  t h a t  d i d  n o t  
end up i n  t h e  Sun went t o  make J u p i t e r .  I t  i s  l a r g e r  
t han  t h e  res t  of t h e  p l a n e t s  combined. 

J u p i t e r  i s  t h e  f i f t h  p l a n e t  from t h e  Sun. It  
completes one o r b i t  eve ry  1 1 . 8 6  E a r t h  y e a r s .  

A day on J u p i t e r  i s  complete i n  9 hour s ,  55 
minutes  and 30 seconds.  Th i s  ex t remely  r a p i d  r o t a t i o n  
causes  t h e  p l a n e t  t o  be f l a t t e n e d  a t  t h e  po le s .  
E q u a t o r i a l  r a d i u s  i s  7 1 , 6 0 0  km ( 4 4 , 5 0 0  m i . ) ,  and t h e  
p o l a r  r a d i u s  i s  67,300 km ( 4 2 , 0 0 0  m i . ) .  

J u p i t e r  has  1 3  known s a t e l l i t e s .  A 1 4 t h  may have 
been s e e n  r e c e n t l y  by Char l e s  T .  Kowal of Ca l t ech ,  who 
a l s o  found t h e  1 3 t h  i n  1 9 7 4 .  The f o u r  l a r g e s t  s a t e l l i t e s  
w e r e  d i scove red  by t h e  f i r s t  man t o  a i m  a t e l e s c o p e  
a t  J u p i t e r  -- G a l i l e o  G a l i l e i  i n  1 6 0 9 - 1 0 .  G a l i l e o ' s  
d i scove ry  t h a t  J u p i t e r  has  s a t e l l i t e s  provided  ev idence  
t h a t  t h e  Copernican t h e o r y  of t h e  s o l a r  system w a s  
c o r r e c t  and t h a t  E a r t h  i s  n o t  t h e  c e n t e r .  T h e  f o u r  
s a t e l l i t e s  d i scove red  by G a l i l e o  (grouped t o g e t h e r  and 
c a l l e d  t h e  G a l i l e a n  s a t e l l i t e s )  are I o ,  Europa, 
Ganymede and C a l l i s t o .  They range  i n  s i z e  frcm t h e  
p l a n e t  Mercury t o  t h e  Moon. A l l  w i l l  be s t u d i e d  by 
t h e  Voyagers. 

J u p i t e r  i s  composed p r i m a r i l y  of hydrogen. 
Indeed it i s  so massive t h a t  ve ry  l i t t l e  of i t s  o r i g i n a l  
m a t e r i a l  could  have escaped  i n  t h e  4 . 6  b i l l i o n  y e a r s  o r  
so s i n c e  it formed. The second most abundant e lement  
i n  J u p i t e r  i s  helium. The r a t i o  of hydrogen t o  hel ium 
on J u p i t e r  probably  i s  about  t h e  s a m e  as i n  t h e  Sun. 
The so l a r  r a t i o  i s  roughly one atom of  hel ium f o r  1 0  
molecules  of  hydrogen. 

S e v e r a l  o t h e r  subs t ances  have been i d e n t i f i e d  
s p e c t r o s c o p i c a l l y  i n  t h e  J o v i a n  atmosphere:  ammonia, 
methane, w a t e r ,  e thane  and a c e t y l e n e .  The p resence  of 
hydrogen s u l f i d e  has  been i n f e r r e d .  These are minor 
components, re1  a t i v e  t o  hydrogen and helium. 

-more- 
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T h e  c u r r e n t l y  popu la r  model of J u p i t e r ' s  s t r u c t u r e  
beg ins  w i t h  a s m a l l  i r o n  s i l i c a t e  co re  on ly  a few 
thousand k i l o m e t e r s  i n  d iameter .  The core i s  i n f e r r e d  
because  cosmic abundances of  t h e  e lements  i n c l u d e  
s m a l l  amounts o f  i r o n  and s i l i ca tes .  The t empera tu re  
t h e r e  i s  though t  t o  be about  3 0 , 0 0 0  deg rees  Kelvin 
(54,000 degrees  F a h r e n h e i t ) .  

Surrounding t h e  s u s p e c t e d  c o r e  i s  a t h i c k  l a y e r  
i n  which hydrogen i s  t h e  most abundant e lement .  The 
hydrogen i s  s e p a r a t e d  i n t o  t w o  l a y e r s ,  bo th  l i q u i d  
b u t  i n  d i f f e r e n t  s ta tes .  The i n n e r  l a y e r ,  abou t  
4 6 , 0 0 0  km ( 2 9 , 0 0 0  m i . )  r a d i u s ,  i s  l i q u i d  metal l ic  
hydrogen, which means t h a t  t h e  hydrogen i s  e l e c t r i c a l l y  
conduct ive  l i k e  ordknary metals. That  form of  hydrogen 
has  n o t  been observed  i n  l a b o r a t o r i e s  s i n c e  it r e q u i r e s  
immense h e a t  and p r e s s u r e .  On J u p i t e r  it i s  though t  
t o  e x i s t  a t  t empera tu res  around 1 1 , 0 0 0  deg rees  Kelvin 
( 2 0 , 0 0 0  deg rees  F a h r e n h e i t )  and a t  p r e s s u r e s  about  3 
m i l l i o n  t i m e s  E a r t h ' s  s e a - l e v e l  atmosphere.  

The n e x t  l a y e r  -- l i q u i d  hydrogen i n  i t s  m o l e -  
c u l a r  form -- ex tends  t o  about  7 0 , 0 0 0  km ( 4 4 , 0 0 0  m i . ) .  
Above t h a t  l a y e r ,  r e a c h i n g  t o  t h e  c loud  t o p s  f o r  
a n o t h e r  1 , 0 0 0  km ( 6 0 0  m i . )  i s  t h e  atmosphere.  

I f  t h e  model i s  c o r r e c t ,  J u p i t e r  has  no s o l i d  
s u r f a c e ,  b u t  e x i s t s  as a r a p i d l y  s p i n n i n g  b a l l  o f  gas  
and l i q u i d  a l m o s t  7 7 9 ' m i l l i o n  km (484 m i l l i o n  m i . )  
from t h e  Sun. 

One of  t h e  p u z z l e s  abou t  J u p i t e r  i s  t h e  f a c t  t h a t  
it radiates about  t w o  and a h a l f  t i m e s  t h e  amount of 
h e a t  t h a t  it r e c e i v e s  from t h e  Sun. E a r l y  models 
p o s t u l a t e d  n u c l e a r  r e a c t i o n s  i n s i d e  t h e  p l a n e t  o r  
h e a t  from g r a v i t a t i o n a l  c o n t r a c t i o n .  These i d e a s  are 
no l o n g e r  b e l i e v e d  l i k e l y .  

S i n c e  a l i q u i d  i s  v i r t u a l l y  incompress ib l e ,  
however, and s i n c e  J u p i t e r  i s  t o o  s m a l l  and t o o  c o l d  
t o  g e n e r a t e  n u c l e a r  r e a c t i o n s ,  s c i e n t i s t s  now b e l i e v e  
the e x c e s s  h e a t  be ing  radiated by t h e  p l a n e t  i s  l e f t  
o v e r  from t h e  p r i m o r d i a l  h e a t  g e n e r a t e d  when t h e  
p l a n e t  coa le sced  o u t  Df t h e  s o l a r  nebula .  A s  NASA's 
D r .  John Wolfe w r i t e s ,  " J u p i t e r  cannot  be r a d i a t i n g  
h e a t  because  it i s  c o n t r a c t i n g ;  on t h e  c o n t r a r y ,  it 
i s  c o n t r a c t i n g  because it i s  s lowly  coo l ing . "  

-more- 
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T h e  v i s i b l e  s u r f a c e  of J u p i t e r  c o n s i s t s  of bands 
of c louds ,  a l t e r n a t i n g  da rk  and l i g h t ,  from the 
e q u a t o r  t o  abou t  50  deg rees  l a t i t u d e ,  as shown on page 
52 . These bands appear  t o  be  convec t ion  ce l l s  t h a t  
are stretched by C o r i o l i s  f o r c e s  created by t h e  
p l a n e t ' s  r a p i d  r o t a t i o n .  By convent ion ,  t h e  l i g h t  
f e a t u r e s  are cal led zones and t h e  da rk  ones be l t s .  
The l i g h t  zones appear  t o  be r e g i o n s  of  g r e a t e r  
a l t i t u d e  and c o o l e r  t empera tu res  t h a n  t h e  da rk  be l t s .  
G a s  w a r m e d  by t h e  p l a n e t ' s  i n t e r n a l  h e a t  r ises and 
c o o l s  i n  t h e  upper  atmosphere and forms c louds  of 
ammonia c r y s t a l s  suspended i n  gaseous hydrogen. A t  
t h e  t o p  of t h e  zones,  t h e  c o o l e r  ma te r i a l  moves toward 
t h e  e q u a t o r  o r  t h e  p o l e s ,  i s  d e f l e c t e d  i n  an east-  
w e s t  d i r e c t i o n  by C o r i o l i s  f o r c e s  and then  s i n k s  
back t o  lower a l t i t u d e s .  A s imi l a r  b u t  much smaller  
mechanism on E a r t h  causes  t h e  t rade winds.  

One of  t h e  most prominent f e a t u r e s  on J u p i t e r  i s  
t h e  Grea t  Red Spot .  I t  has  been observed a lmost  
c o n s t a n t l y  s i n c e  i t s  d i scove ry  300 y e a r s  ago by 
Giovanni Domenico C a s s i n i .  I t s  width  i s  a lmost  
always about  1 4 , 0 0 0  km ( 9 , 0 0 0  m i . ) ,  b u t  i t s  l e n g t h  
v a r i e s  between 3 0 , 0 0 0  km ( 1 9 , 0 0 0  m i . )  and 4 0 , 0 0 0  km 
( 2 5 , 0 0 0  m i . ) .  

The Great Red Spot  appears  t o  resemble an immense 
h u r r i c a n e  on E a r t h  -- a l though  it i s  much l a r g e r  and 
has  l a s t e d  much l o n g e r  t h a n  any t e r r e s t r i a l  s torms.  

Other  s p o t s  have been observed i n  t h e  J o v i a n  
atmosphere t h a t  are s i m i l a r  t o  b u t  much smaller  t h a n  
t h e  Great Red Spot .  They, t o o ,  appear  i n  t h e  
e q u a t o r i a l  r e g i o n s  b u t  have r e l a t i v e l y  s h o r t  l i f e t i m e s .  
The one m o s t  r e c e n t l y  observed l a s t e d  j u s t  under  
two y e a r s .  

Above abou t  50  deg rees  l a t i t u d e  I t h e  bands 
d i s a p p e a r  and t h e  J o v i a n  atmosphere becomes t u r b u l e n t  
and d i s o r g a n i z e d .  I t  appears  t o  c o n t a i n  many s m a l l  
convec t ion  ce l l s  such as t h o s e  t h a t  create t h e  b e l t s  
and zones of  t h e  lower l a t i t u d e s .  

-more- 
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Radio astronomers found ev idence  f o r  a magnet ic  
f i e l d  around J u p i t e r  d u r i n g  o b s e r v a t i o n s  i n  t h e  1950s 
when they  d i s c o v e r e d  rad io- f requency  emiss ions  coming 
from t h e  p l a n e t .  The emiss ions  are conf ined  t o  two 
r e g i o n s  of t h e  spectrum -- w i t h  wavelengths  measured 
i n  t e n s  of  meters (decamet r i c )  and i n  t e n t h s  of  meters 
( d e c i m e t r i c ) .  The d e c i m e t r i c  c o n t r i b u t i o n  comes 
p r i m a r i l y  from nonthermal  mechanisms t h a t  depend on 
t h e  p l a n e t ' s  magnet ic  f i e l d .  This  " synchro t ron  
r a d i a t i o n "  comes from e l e c t r o n s  t h a t  move n e a r  t h e  
speed  of  l i g h t .  

The s a t e l l i t e  I o  appea r s  t o  have some l i n k  w i t h  
t h e  d e c a m e t r i c  r a d i a t i o n ,  s i n c e  t h e  b u r s t s  seem t o  
occur  when I o  c r o s s e s  t h e  f a c e  of  J u p i t e r .  

Whi le  t h e  J o v i a n  magnet ic  f i e l d  i s  e s s e n t i a l l y  
d i p o l a r  ( n o r t h  and s o u t h ,  l i k e  E a r t h ' s ) ,  i t s  d i r e c t i o n  
i s  o p p o s i t e  E a r t h ' s  ( t h e  n e e d l e  of  a compass on 
J u p i t e r  would p o i n t  s o u t h ) .  The a x i s  o f  t h e  f i e l d  i s  
o f f s e t  abou t  1 0 . 8  deg rees  from t h e  r o t a t i o n a l  a x i s  
and t h e  c e n t e r  of  t h e  a x i s  i s  o f f s e t  from t h e  c e n t e r  of  
t h e  p l a n e t  by abou t  one t e n t h  of  a J u p i t e r  r a d i u s .  A t  
t h e  p l a n e t ' s  c loud  t o p s  t h e  f i e l d  r anges  between t h r e e  
and 1 4  gauss  ( E a r t h ' s  magnet ic  f i e l d  a t  t h e  s u r f a c e  
averages abou t  one h a l f  g a u s s ) .  

The shape  o f  J u p i t e r ' s  magnet ic  f i e l d  i s  about  
t h e  s a m e  as E a r t h ' s  w i t h  some s i g n i f i c a n t  d i f f e r e n c e s .  
The movement o f  e n e r g e t i c  p a r t i c l e s  n e a r  t h e  e q u a t o r  
i s  i n t e n s e ,  b u t  a t  h i g h e r  l a t i t u d e s  f a l l s  o f f  
d r a m a t i c a l l y .  There i s  a p p a r e n t l y  an e l e c t r i c - c u r r e n t  
s h e e t  a l o n g  t h e  magnet ic  e q u a t o r  t h a t  t r a p s  and h o l d s  
p a r t i c l e s  t h e r e .  

The f i v e  i n n e r  s a t e l l i t e s  of  J u p i t e r  a f f e c t  
d i s t r i b u t i o n  of  charged  p a r t i c l e s .  A s  t h e  s a t e l l i t e s  
o r b i t  J u p i t e r  t hey  sweep p a r t i c l e s  o u t  of  t h e i r  way 
and a t  t h e  same t i m e  t h e i r  s u r f a c e s  are a l t e r e d  by 
t h e  impinging p a r t i c l e s .  

J u p i t e r ' s  o u t e r  magnetosphere i s  h i g h l y  v a r i a b l e  
i n  s i z e ,  p o s s i b l y  due t o  changes i n  t h e  so la r -wind  
p r e s s u r e .  Both P i o n e e r  s p a c e c r a f t  f l ew  i n  and o u t  o f  
t h e  magnetosphere severa l  t i m e s  on t h e i r  inbound l e g s .  
The f i r s t  c r o s s e d  t h e  magnetopause -- o u t e r  edge of  t h e  
r e g i o n  -- a t  about  1 0 0  J u p i t e r  r a d i i  ( R  ) and c r o s s e d  
a g a i n  as c l o s e  as 5 0  R E a r t h ' s  magnegosphere would 
s h r i n k  t h a t  much on ly  i n  t h e  e v e n t  o f  t h e  l a r g e s t  
s o l a r  magnet ic  s torms .  

J' 
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High-energy e l e c t r o n s  have a l s o  been observed i n  
ano the r  unexpected p l a c e  -- ahead of t h e  bow shock 
wave i n  i n t e r p l a n e t a r y  space .  S c i e n t i s t s  b e l i e v e  high- 
energy p a r t i c l e s  i n  J u p i t e r ' s  magnetosphere r each  such 
v e l o c i t y  t h a t  they  can escape .  
r e c o r d s  from E a r t h  s a t e l l i t e s  t u r n e d  up t h e  f a c t  t h a t  
t h e s e  e l e c t r o n s  had been observed f o r  many y e a r s .  
They were b e l i e v e d ,  however, t o  be of cosmic o r i g i n .  
Now s c i e n t i s t s  t h i n k  they  s p i n  down t h e  s o l a r  magnet ic  
f i e l d  l i n e s  and i n t e r s e c t  E a r t h ,  s i n c e  t h e i r  peaks 
occur  every  1 3  months when E a r t h  and J u p i t e r  are 
connected by t h e  s p i r a l  l i n e s  of t h e  i n t e r p l a n e t a r y  
magnet ic  f i e l d .  

Reexamination of 

J u p i t e r ' s  s a t e l l i t e s  f a l l  i n t o  t h r e e  groups -- 
t h e  l a r g e  i n n e r  bod ie s ,  t h e n  a group of f o u r  t h a t  a r e  
s m a l l  and a f i n a l  group,  also f o u r  i n  number, t h a t  a r e  
f a r  d i s t a n t  and have r e t r o g r a d e  o r b i t s .  

The f i v e  i n n e r  s a t e l l i t e s  a r e  Amalthea ( t h e  
smallest ,  about  240  k m  o r  1 5 0  m i .  i n  d i a m e t e r ) ;  
Io,  l a r g e r  t h a n  Mercury; Europa, Ganymede and C a l l i s t o .  

Io  i s  about  3 , 6 4 0  k m  ( 2 , 2 6 0  m i . )  i n  d iameter .  I t  
d i s p l a y s  some of t h e  most b i z a r r e  phenomena i n  t h e  
solar  system. The d e n s i t y  of I o  i s  about  t h e  same as 
t h a t  of t h e  Moon, i n d i c a t i n g  a rocky compcsi t ion.  Io  
has  a l a y e r  of i o n i z e d  p a r t i c l e s  about  1 0 0  km ( 6 0  m i . )  
above t h e  s u r f a c e ;  t h e  s a t e l l i t e  has  a tenuous atmosphere. 
Measurements i n d i c a t e  t h e  atmosphere i s  about  one 
b i l l i o n t h  as dense as E a r t h ' s .  I o  i s  surrounded by 
a yel low glow -- an i o n i z e d  c loud  of sodium. A l s o  
d e t e c t e d  i n  t h i s  tenuous extended atmosphere a r e  
hydrogen, po tass ium and s u l f u r .  The s u r f a c e  of t h i s  
J o v i a n  moon has  a unique spectrum, probably due t o  a 
combination of s u l f u r  and s a l t s  d e p o s i t e d  long  ago 
through hydrothermal  ou tgass ing .  I o  a l so  has  r e d d i s h  
p o l a r  caps of unknown composi t ion.  

Europa, smaller t h a n  Io ,  has  a d i ame te r  of 3 , 0 5 0  

t o  a tempera ture  h igh  

km ( 1 , 9 0 0  m i . ) .  Europa appears  t o  be a rocky body 
l i k e  I o  and s c i e n t i s t s  say t h i s  i s  probably  because 
it hea ted  e a r l y  i n  i t s  h i s t o r y  
enough t o  d r i v e  o f f  t h e  v o l a t i l e s .  However, i t s  whi te  
h i g h l y  r e f l e c t i v e  s u r f a c e  i s  almost  e n t i r e l y  covered 
w i t h  ice  and f r o s t .  
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Ganymede i s  one of  t h e  l a r g e s t  s a t e l l i t e s  i n  t h e  
s o l a r  system. I ts  d iame te r  i s  5,270 km (3,270 m i . ) .  
Sanymede may be most ly  l i q u i d  w a t e r  -- a p l a n e t - s i z e d  
drop  of  w a t e r  w i t h  a mud c o r e  and a c r u s t  o f  i ce .  The 
s u r f a c e  i s  n o t  pu re  i ce ,  however. I t  i s  mixed w i t h  
darker m a t e r i a l  of unknown composi t ion.  

C a l l i s t o  has a d iameter  of  5 , 0 0 0  km (3,110 m i . ) .  
I t  i s  d a r k e r  t h a n  t h e  o t h e r  G a l i l e a n  s a t e l l i t e s ,  
a p p a r e n t l y  because of  absence of ice o r  l i g h t - c o l o r e d  
s a l t s .  I t  may have s u f f e r e d  t h e  l e a s t  change of  a l l  
t h e  b i g  s a t e l l i t e s  s i n c e  format ion  b i l l i o n s  of  y e a r s  
ago. S c i e n t i s t s  b e l i e v e  it i s  probably  h a l f  w a t e r  and 
may c o n t a i n  so l i t t l e  rock t h a t  r a d i o a c t i v e  h e a t i n g  
has  n o t  mel ted o r  d i f f e r e n t i a t e d  it. 

The o u t e r  s a t e l l i t e s ,  i n  o r d e r  of i n c r e a s i n g  
d i s t a n c e  from J u p i t e r ,  are: Leda, H i m a l i a ,  LYsi thea ,  
E la ra ,  Ananke, C a r m e ,  Gasiphae and Sinope.  A l l  t h e  
o u t e r  s a t e l l i t e s  appear  t o  be very  d i f f e r e n t  from t h e  
i n n e r  group. 
J u p i t e r .  
s a t e l l i t e s .  T h e i r  o r b i t s  are f a i r l y  h i g h l y  i n c l i n e d  
(25 t o  28 degrees  from t h e  e q u a t o r i a l  p l a n e )  and t h e  
outermost  f o u r  pursue  r e t r o g r a d e  p a t h s .  

They may be  former a s t e r o i d s  c a p t u r e d  by 
O r  t hey  may be t h e  remains o f  broken-up 
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SATURN 

S a t u r n  i s  t h e  f a r t h e s t  p l a n e t  from t h e  Sun known 
t o  t h e  a n c i e n t s .  ;Tot u n t i l  S i r  W i l l i a m  Hersche l  d i s -  
covered Uranus i n  1 7 8 1  d i d  anyone know of t h e  e x i s t e n c e  
of a t r a n s - S a t u r n i a n  p l a n e t .  

S a t u r n  i s  unique i n  t h e  s o l a r  system. I t  i s  t h e  
on ly  p l a n e t  less dense t h a n  water and, u n t i l  t h e  
r e c e n t  d i scove ry  of Uranus'  r i n g s ,  w a s  t hough t  t o  be 
t h e  o n l y  p l a n e t  w i t h  r i n g s .  

The r i n g s  w e r e  d i scove red  i n  1 6 1 0  when G a l i l e o  
G a l i l e i  a i m e d  t h e  f i r s t  a s t ronomica l  t e l e s c o p e  a t  
Sa tu rn .  Even G a l i l e o  d i d n ' t  r e a l i z e  what they  w e r e .  
H e  r e p o r t e d  s e e i n g  "cup handles"  i n  h i s  l e s s - than -  
adequate  t e l e s c o p e .  F o r t y - f i v e  y e a r s  l a t e r ,  i n  1655, 
C h r i s t i a n  Huygens d e s c r i b e d  t h e  r i n g s '  t r u e  form. 

S a t u r n  has a volume 815 t i m e s  g r e a t e r  t h a n  E a r t h ' s ,  
b u t  a mass o n l y  95.2 times g r e a t e r .  I t  i s  t h e  second 
l a r g e s t  p l a n e t .  S a t u r n ' s  e q u a t o r i a l  r a d i u s  i s  6 0 , 0 0 0  
km (37,300 m i . ) .  The p o l a r  r a d i u s  i s  c o n s i d e r a b l y  
smaller -- 53,500 km (33,430 m i . ) .  The dynamic 
f l a t t e n i n g ,  caused by S a t u r n ' s  r a p i d  r o t a t i o n  and i n -  
c r e a s e d  by i t s  low d e n s i t y ,  i s  t h e  g r e a t e s t  of any 
p l a n e t  y e t  measured. 

A day on S a t u r n ' s  e q u a t o r  i s  on ly  1 0  hour s ,  1 4  
minutes  -- 18.5 minutes  l o n g e r  t h a n  a day on J u p i t e r .  
S a t u r n  completes  one o r b i t  of t h e  Sun i n  2 9 . 4 6  E a r t h  
y e a r s .  The average  d i s t a n c e  of S a t u r n  from t h e  Sun 
i s  9.5 A.U.* S a t u r n  r e c e i v e s  on ly  about  1/100th 
t h e  S u n ' s  i n t e n s i t y  t h a t  s t r i k e s  E a r t h .  

S a t u r n ,  l i k e  t h e  o t h e r  o u t e r  g i a n t s ,  b e a r s  some 
resemblance t o  J u p i t e r  -- enough t h a t  t h e y  are o f t e n  
coupled t o g e t h e r  as t h e  J o v i a n  p l a n e t s .  Like J u p i t e r ,  
S a t u r n  a p p a r e n t l y  has  no s o l i d  s u r f a c e ,  b u t  changes 
g r a d u a l l y  from a t h i n  o u t e r  atmosphere through 
p r o g r e s s i v e l y  dense r  l a y e r s  t o  t h e  c o r e ,  which may be  
a s m a l l  chunk of  i r o n  and rock .  

*An a s t ronomica l  u n i t  (A.U.) is t h e  mean d i s t a n c e  
from t h e  Sun t o  t h e  E a r t h  -- 1 4 9 , 6 0 0 , 0 0 0  km ( 9 2 , 9 6 0 , 0 0 0  
m i . ) .  
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When s c i e n t i s t s  d i s c u s s  t h e  p l a n e t ' s  atmosphere,  
t h e y  g e n e r a l l y  res t r ic t  t h e i r  a t t e n t i o n  t o  a r e g i o n  
where p r e s s u r e  v a r i e s  from 1,00(I1Barth atmospheres t o  
one 1 0 - b i l l i o n t h  atmosphere ( 1 0  1.  

Like  J u p i t e r ,  t h e  p r i n c i p a l  c o n s t i t u e n t s  of  t h e  
S a t u r n i a n  atmosphere a r e  thought  t o  be hydrogen and 
helium. Three molecules  have d e f i n i t e l y  been d e t e c t e d  
i n  S a t u r n ' s  atmosphere: hydrogen (H2) , methane (CH4) 
and e t h a n e  ( C  H 1.  Radio o b s e r v a t i o n s  provide  i n d i r e c t  
ev idence  f o r  &tu%onia (NH 1 a t  a tmospher ic  l e v e l s  i n -  
a c c e s s i b l e  t o  o p t i c a l  measurements. 
molecular  o r  a tomic s p e c i e s  has  been d e t e c t e d .  

N o  o t h e r  

A l s o ,  l i k e  J u p i t e r ,  S a t u r n  i s  b e l i e v e d  t o  be  
composed of mater ia l s  i n  about  t h e  same r a t i o  as t h e  
Sun, formed i n t o  t h e  s i m p l e s t  molecules  expec ted  i n  
a hydrogen r i c h  atmosphere. 

S a t u r n  appears  t o  r a d i a t e  n e a r l y  t w i c e  a s  much 
energy as i t  r e c e i v e s  f r o m  t h e  Sun. I n  t h e  c a s e  of 
J u p i t e r ,  t h a t  r a d i a t i o n  has  been exp la ined  a s  p r i m o r d i a l  
h e a t  l e f t  ove r  from t h e  t i m e ,  about  4.6 b i l l i o n  y e a r s  
ago, when t h e  p l a n e t  coa le sced  o u t  of t h e  so la r  
nebula .  The same may be t r u e  f o r  Sa tu rn .  Convection 
i s  t h e  most l i k e l y  t r a n s p o r t  mechanism t o  c a r r y  h e a t  
from t h e  i n t e r i o r  of t h e  p l a n e t  t o  t h e  s u r f a c e .  

S a t u r n  has  c loud bands s i m i l a r  t o  J u p i t e r ' s ,  
a l though they  a r e  h a r d e r  t o  see and c o n t r a s t  less wi th  
the p l a n e t a r y  d i s c .  Photographs conf i rm t h a t  S a t u r n ' s  
b land  appearance i s  real .  The b landness  may be a 
r e s u l t  of lower tempera tures  and reduced chemical  
and me teo ro log ica l  a c t i v i t y  compared w i t h  J u p i t e r  o r  
a r e l a t i v e l y  permanent and uniform high  a l t i t u d e  haze.  

The p r i n c i p a l  f e a t u r e s  of  S a t u r n ' s  v i s i b l e  s u r f a c e  
are s t r i p e s  t h a t  p a r a l l e l  t h e  e q u a t o r ,  a s  shown on 
page 60 .  S i x  dark b e l t s  and t h r e e  l i g h t  zones have 
been seen  cont inuous ly  ove r  200  y e a r s  of o b s e r v a t i o n s .  
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Spo t s  have been observed  i n  t h e  upper  atmosphere 
of  S a t u r n .  Unl ike  t h e  G r e a t  R e d  Spo t  of  J u p i t e r  t h e y  
are n o t  permanent n o r  are t h e y  e a s i l y  i d e n t i f i a b l e .  
The s p o t s  t h a t  have been observed  have l i f e t i m e s  up 
t o  a few months. Sometimes t h e y  are l i g h t ,  sometimes 
dark .  They are c o n f i n e d  t o  a r e g i o n  w i t h i n  6 0  d e g r e e s  
of  t h e  e q u a t o r  and t y p i c a l l y  are a few thousand 
k i l o m e t e r s  a c r o s s .  They may be comparable t o  h u r r i c a n e s  
on E a r t h .  

S a t u r n  has  1 0  known sa t e l l i t e s .  The most r e c e n t  
d i s c o v e r y  w a s  J a n u s ,  found i n  1 9 6 6  by Audouin Do l l fus .  
J anus  h a s  been s e e n  i n  o n l y  a few photographs .  I t  
appea r s  t o  t r ave l  i n  t h e  p l a n e  o f  S a t u r n ' s  r i n g s  and 
n e a r  them. I t s  low a lbedo  and p rox imi ty  t o  t h e  r i n g s  
make Janus  d i f f i c u l t  t o  obse rve  e x c e p t  when t h e  r i n g s  
are edge-on t o  E a r t h  and r e c e n t  s t u d i e s  i n d i c a t e  
t h a t  a t  l e a s t  two s e p a r a t e  s a t e l l i t e s  are masquerading 
under  t h e  name o f  J anus .  

The l a r g e s t  known s a t e l l i t e  i n  t h e  s o l a r  system 
i s  S a t u r n ' s  s a t e l l i t e  T i t a n .  T i t a n  h a s  a d i a m e t e r  o f  
5 , 8 0 0  km ( 3 , 6 0 0  m i . )  and i s  known t o  have an atmosphere.  
I n  1 9 4 4 ,  t h e  l a t e  D r .  Gerard Kuiper detected a methane 
atmosphere on T i t a n .  T i t a n ' s  a tmosphe r i c  p r e s s u r e  
may be comparable t o  E a r t h ' s .  O the r  molecules  i d e n t i f i e d  
i n c l u d e  e t h a n e  and probably  a c e t y l e n e  and many 
s c i e n t i s t s  bel ieve there  i s  a l s o  a major  u n d e t e c t e d  
g a s  p r e s e n t .  The most l i k e l y  c a n d i d a t e  i s  n i t r o g e n .  
Some s c i e n t i s t s  b e l i e v e  o r g a n i c  compounds may be 
p r e s e n t  on t h e  s u r f a c e  o f  T i t a n ,  l e a d i n g  some t o  
s u g g e s t  i t  as a p o s s i b l e  abode o f  some p r i m i t i v e  l i f e  
forms. 

I a p e t u s  i s  a n o t h e r  S a t u r n i a n  s a t e l l i t e  t h a t  
draws s c i e n t i f i c  i n t e r e s t .  I t s  b r i g h t n e s s  v a r i e s  
by a f a c t o r  of abou t  f i v e  as i t  r o t a t e s  on i t s  a x e s ,  
i n d i c a t i n g  t h a t  one f a c e  i s  b r i g h t  and t h e  o t h e r  
dark .  The l i g h t  f a c e  appea r s  t o  be covered w i t h  ice  
b u t  t h e  composi t ion o f  t h e  da rk  f a c e  i s  unknown. 

S a t u r n ' s  r i n g s  have been a c u r i o s i t y  t o  
as t ronomers  s i n c e  t h e i r  d i scove ry .  T h e i r  o r i g i n  i s  
unknown b u t  a number of hypotheses  have been p u t  
forward.  They might  be t h e  remains of  some e a r l y  
s a t e l l i t e  broken up by g r a v i t a t i o n  o r  remnants of  t h e  
p r i m o r d i a l  mater ia l  t h a t  somehow became t r a p p e d  i n  
o r b i t .  The age of  t h e  r i n g s  i s  n o t  known. 

- ino re - 
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The r i n g s  l i e  i n  S a t u r n ' s  e q u a t o r i a l  p lane ,  which 
i s  t i pped  27 degrees  t o  t h e  o r b i t a l  p lane  of Sa turn .  
Although it i s  c e r t a i n  t h e  r i n g s  are n o t  a s o l i d  
s h e e t ,  l i t t l e  e l se  i s  known about t h e i r  composition and 
s t r u c t u r e .  Spectroscopy shows t h a t  they are  made 
p r imar i ly  of water  i ce  o r  ice-covered s i l i c a t e s .  

The i n d i v i d u a l  p a r t i c l e s  probably vary from less 
than a m i l l i m e t e r  t o  more than  1 0  meters,  b u t  most 
are a few cent imeters  i n  s i z e  -- about as b i g  as a 
snowball. 

Three  d i s t i n c t  r i n g s  can be seen. The i n n e r  
o r  "crepe" r i n g  begins  about 1 7 , 0 0 0  k i lometers  
( 1 0 , 0 0 0  m i l e s )  from t h e  p l a n e t ' s  v i s i b l e  cloud 
su r face  and extends f o r  1 5 , 0 0 0  km ( 1 0 , 0 0 0  m i . )  
t o  32,000 km 2 0 , 0 0 0  m i . ) .  The second r i n g  
begins  a t  t h a t  p o i n t  and extends f o r  2 6 , 0 0 0  km 
( 1 6 , 0 0 0  m i . )  t o  a d i s t a n c e  of 5 8 , 0 0 0  k m  ( 3 6 , 0 0 0  

m i . )  from t h e  p l a n e t .  There,  a phenomenon 
known as C a s s i n i ' s  Divis ion breaks t h e  r i n g s '  
con t inu i ty .  C a s s i n i ' s  Div is ion  i s  2 , 6 0 0  km 
( 1 , 6 0 0  m i . )  wide. 

The o u t e r  r i n g  begins  6 0 , 0 0 0  km (38,000 m i . )  
from t h e  equator  of Sa turn  and appears t o  end 1 6 , 0 0 0  
km ( 1 0 , 0 0 0  m i . )  f a r t h e r  away a t  a d i s t a n c e  of 7 6 , 0 0 0  
km ( 4 8 , 0 0 0  m i . ) .  

C a s s i n i ' s  Div is ion  i s  r ea l .  I t  i s  expla ined  by 
a phenomenon i n  c e l e s t i a l  mechanics. Any p a r t i c l e  
a t  t h a t  d i s t a n c e  would have an o r b i t a l  per iod  of 11 
hours ,  1 7  1 / 2  minutes,  j u s t  h a l f  t h e  pe r iod  of t h e  
s a t e l l i t e  M i m a s .  The p a r t i c l e  would be n e a r e s t  M i m a s  
a t  t h e  same p l a c e  i n  i t s  o r b i t  every second t i m e  around. 
This  repea ted  g r a v i t a t i o n a l  p e r t u r b a t i o n  would 
even tua l ly  move t h e  p a r t i c l e  t o  a d i f f e r e n t  d i s t ance .  

Accurate measurements of t h e  r i n g  th i ckness  are 
n o t  p o s s i b l e  b u t  l i m i t s  have been placed.  They 
appear t o  be somewhere between 1 and 4 km ( 0 . 6  
t o  2 . 5  m i . ) .  

U n t i l  r e c e n t l y  t h e r e  w a s  no evidence t h a t  Sa turn  
has  a magnetic f i e l d .  d e i t h e r  decimetr ic  no r  decametr ic  
r a d i o  emissions had been observed -- t h e  kind of " r a d i o  
noisell from J u p i t e r  t h a t  was evidence f o r  i t s  magnetic 
f i e l d .  s u t  r ad iomet r i c  observa t ions  from t h e  E a r t h -  
o r b i t i n g  s a t e l l i t e  IMP-6 have provided i n d i r e c t  evidence 
f o r  a magnetic f i e l d .  I f  a magnetic f i e l d  i s  p r e s e n t ,  
it i s  probably d i s t o r t e d  by t h e  r i n g s .  Direct measure- 
ment of any magnetic f i e l d  and a s soc ia t ed  t rapped  
r a d i a t i o n  i s  one of t h e  primary goa l s  of t h e  Voyager 
mission. 

-more- 
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PLANETARY ATMOSPHERIC AND SURFACE DATA 

J u p i t e r  

Major a tmospher ic  c o n s t i t u e n t s  are hydrogen and 
helium. 

Minor c o n s t i t u e n t s  i n c l u d e  methane, ammonia, 
a c e t y l e n e ,  e t h a n e  and phosphor ic  a c i d .  
Hydrogen has  been d e t e c t e d  i n  t h e  exosphere.  

There i s  a t h i n  l a y e r  of ammonia c louds  w i t h  
t o p s  a t  about  1 0 6  deg rees  K ( -269  deg rees  F) 
and about  0 . 2  atmospheres and base  a t  about  
1 5 0  deg rees  K (-189 degrees F) and about  0.6 
atmospheres.  

P r e s s u r e  n e a r  t h e  main cloud t o p s  i s  about  
1 .5  atmospheres . 
Main c loud  t o p  tempera ture  i s  about  200  
deg rees  K (-99 deg rees  F ) .  

Beneath t h e  c louds ,  t empera tu res  and p r e s s u r e s  
r ise  r a p i d l y .  

I t  i s  n o t  known whether  J u p i t e r  has  a s o l i d  
s u r f a c e .  

S a t u r n  

i4ajor a tmospher ic  c o n s t i t u e n t s  are hydrogen 
and perhaps helium. 

Minor c o n s t i t u e n t s  i n c l u d e  methane and ammonia. 

Temperature a t  t ropopause  i s  about  77 deg rees  K 
( - 3 2 1  degrees  F ) .  

P r e s s u r e  a t  t ropopause  i s  about  0 . 1 7  atmospheres.  

I t  i s  n o t  known whether  S a t u r n  has  a s o l i d  s u r f a c e .  

E f f e c t i v e  tempera ture  i s  about  9 7  deg rees  K 
( -285 degrees  F ) .  

Beneath t h e  c l o u d s ,  t empera tures  and p r e s s u r e s  
r ise  r a p i d l y .  

- in0  r e- 
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Uranus 

Major a tmospher ic  c o n s t i t u e n t s  are hydrogen 
and perhaps  helium. 

Minor c o n s t i t u e n t  i s  methane. 

E f f e c t i v e  tempera ture  i s  5 7  degrees  K (-356 
deg rees  F ) .  

The atmosphere i s  ve ry  deep and h i g h e r  tempera ture  
and h i g h  p r e s s u r e s  c e r t a i n l y  e x i s t  a t  dep ths .  

-more- 
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VOYAGER SCIENCE 

T h e  Voyager miss ion  t o  J u p i t e r  and S a t u r n  w i l l  
a d d r e s s  fundamental  q u e s t i o n s  abou t  t h e  o r i g i n  and n a t u r e  
of t h e  so la r  system. Understanding i n t e r p l a n e t a r y  space  
and t h e  o ther  p l a n e t s  should  g i v e  s c i e n t i s t s  a g r e a t e r  
knowledge of Ea r th .  

According t o  c u r r e n t  theoret ical  models of t h e  o r i g i n  
and e v o l u t i o n  of t h e  so l a r  system, a gaseous nebula  composed 
of s o l a r  material -- gases  and d u s t  o f  v a r i o u s  e lements  -- 
c o l l a p s e d  t o  f o r m  t h e  Sun. Some of t h e  mater ia l  remained 
behind and began t o  coalesce t o  f o r m  t h e  p l a n e t s ,  t h e i r  
sa te l l i tes ,  t h e  asteroids,  comets and meteors. Temperature,  
p r e s s u r e  and d e n s i t y  o f  t h e  gas  decreased  w i t h  d i s t a n c e  f r o m  
t h e  Sun. Formation of  t h e  p l a n e t s  i s  b e l i e v e d  t o  have 
r e s u l t e d  from a c c r e t i o n  of t h e  n e b u l a r  material .  Observed 
d i f f e r e n c e s  i n  t h e  p l a n e t s  are accounted f o r  i n  t h e s e  
theories by v a r i a t i o n s  i n  material  and c o n d i t i o n s  a t  t h e  
p l a c e s  where they  formed. Thus, knowledge ga ined  a t  each 
p l a n e t  can be r e l a t e d  t o  others and should  c o n t r i b u t e  t o  
an  overal l  unders tanding  o f  t h e  so la r  system as w e l l  as  
o u r  own p l a n e t  E a r t h .  

Missions t o  Mars, Venus, Mercury and t h e  Moon have 
c o n t r i b u t e d  g r e a t l y  t o  t h e  body of knowledge. Each p l a n e t  
has i t s  own p e r s o n a l i t y ,  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
others  because of i t s  unique composi t ion and r e l a t i o n s h i p  
t o  t h e  Sun. I n d i v i d u a l  as  t h e y  are ,  t h e  i n n e r  p l a n e t s  
are r e l a t e d  as bod ies  t h a t  o r i g i n a t e d  n e a r  t h e  Sun and 
t h a t  are composed mainly o f  heavier e lements .  They are 
c l a s s i f i e d  as "terrestrial  p l a n e t s ,  I' s i n c e  t h e  E a r t h  i s  
approximate ly  r e p r e s e n t a t i v e .  

S c i e n t i s t s  have known fo r  a long  t i m e  t h a t  J u p i t e r ,  
S a t u r n  and t h e  other o u t e r  p l a n e t s  d i f f e r  s i g n i f i c a n t l y  
f r o m  terrestrial p l a n e t s .  They have low average  ' d e n s i t i e s ;  
o n l y  hydrogen and helium among all t h e  e lements  are l i g h t  
enough t o  match o b s e r v a t i o n s  t o  d a t e .  J u p i t e r  and S a t u r n  
are s u f f i c i e n t l y  massive (318 and 95 t i m e s  E a r t h ' s  m a s s ,  
r e s p e c t i v e l y )  t o  i n s u r e  t h a t  t hey  have r e t a i n e d  a l m o s t  
a l l  t h e i r  o r i g i n a l  material. They are ,  however, o n l y  
r e l a t i v e l y  p r i s t i n e  examples of t h e  material  from which 
t h e  solar  system formed. While almost no material has  
been l o s t ,  t h e  p l a n e t s  have evolved  o v e r  t h e i r  4 .6 -b i l l i on -  
y e a r  l i f e t i m e s  and t h e  n a t u r e  and r a t i o  of t h e  materials 
may have changed. I f  t h a t  4 .6 -b i l l i on -yea r  e v o l u t i o n  can 
be t r a c e d ,  s c i e n t i s t s  w i l l  o b t a i n  a clearer p i c t u r e  of t h e  
e a r l y  s ta te  of t h e i r  r e g i o n  of t h e  solar  system. 

- more - 
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Voyager Sc ience  I n v e s t i g a t i o n s  

The s c i e n t i f i c  i n v e s t i g a t i o n s  of  t h e  J u p i t e r - S a t u r n  
miss ion  are mul t ipurpose  t a k i n g  data i n  a v a r i e t y  of  
environments .  For  example, t h e  u l t r a v i o l e t  spec t romete r  
s t u d i e s  p l a n e t a r y  and s a t e l l i t e  atmospheres and a l s o  
i n t e r p l a n e t a r y  and i n t e r s t e l l a r  hydrogen and hel ium. 
The magnet ic  f i e l d s  experiment  w i l l  examine t h e  magnetospheres 
o f  t h e  p l a n e t s  and a l s o  s e a r c h  f o r  t h e  t r a n s i t i o n  between 
so la r  and g a l a c t i c  r e g i o n s .  

I t  i s  d i f f i c u l t  t o  s e p a r a t e  " p l a n e t a r y "  from " i n t e r -  
p l a n e t a r y "  i n s t r u m e n t s  and i n v e s t i g a t i o n s .  There i s ,  
however, a n o t h e r  grouping.  

F i r s t ,  t h e  o p t i c a l  s c a n n e r s ,  mounted on t h e  s p a c e c r a f t ' s  
scan  p l a t f o r m ,  have narrow f i e l d s  of  view and must be 
a c c u r a t e l y  p o i n t e d .  They co l lec t  r a d i a n t  energy  ( l i g h t ,  
f o r  example) from t h e i r  t a r g e t s  and c r e a t e  images o r  s p e c t r a l  
i n fo rma t ion  t h a t  pe rmi t  s c i e n t i s t s  t o  unders tand  t h e  p h y s i c a l  
form o r  chemical  composi t ion of  t h e  p l a n e t s  and sa te l l i t es .  
I n v e s t i g a t i o n s  i n  t h i s  group i n c l u d e  t h e  imaging s c i e n c e  
i n s t r u m e n t s  (TV)  , i n f r a r e d  i n t e r f e r o m e t e r - s p e c t r o m e t e r  and 
r ad iomete r ,  u l t r a v i o l e t  spec t romete r  and pho topo la r ime te r .  

The second f ami ly  of  i n v e s t i g a t i o n s  s e n s e s  magnet ic  
f i e l d s  and f l u x e s  of charged p a r t i c l e s  a s  t h e  s p a c e c r a f t  
p a s s e s  through them. These i n s t r u m e n t s  a r e  f i x e d  t o  t h e  
body of t h e  s p a c e c r a f t  and have v a r i o u s  f i e l d s  of view. 
T h e i r  d a t a  t aken  t o g e t h e r  w i l l  g i v e  in fo rma t ion  on 
p l a n e t a r y  magnet ic  f i e l d s  (and i n d i r e c t l y ,  i n t e r i o r  
s t r u c t u r e ) ,  on Sun-planet  and p l a n e t - s a t e l l i t e  i n t e r a c t i o n s  
and on cosmic r a y s  and t h e  o u t e r  r eaches  o f  t h e  solar plasma. 
These i n v e s t i g a t i o n s  are plasma, l o w  energy charged p a r t i c l e s ,  
cosmic r a y  and magnet ic  f i e l d s .  

A t h i r d  f ami ly  i s  p l a n e t a r y  r a d i o  astronomy and plasma- 
wave i n v e s t i g a t i o n s  whose long  an tenna  whips l i s t e n  f o r  
p l a n e t a r y  emis s ions ,  l i k e  t h o s e  from J u p i t e r .  

A radio i n v e s t i g a t i o n  uses  S-band and X-band l i n k s  
between s p a c e c r a f t  and E a r t h  t o  g a t h e r  i n fo rma t ion  on 
p l a n e t a r y  and s a t e l l i t e  ionosphe res  and atmospheres and 
s p a c e c r a f t  t r a c k i n g  d a t a  t o  c h a r t  g r a v i t a t i o n a l  f i e l d s  
t h a t  a f f e c t  Voyager 's  cour se .  

- more - 
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Cosmic-Ray Investigation 

The cosmic-ray investigation has four principal 

To measure the energy spectrum of electrons and 

To determine the elemental and isotopic composition 
of cosmic-ray nuclei; 

To make elemental and isotopic studies of Jupiter's 
radiation belts and to explore Saturn's environment, 
whose possible radiation belts have not yet been 
positively detected from Earth: 

scientific objectives: 

cosmic-ray nuclei; 

To determine the intensity and directional 
characteristics of energetic particles as a 
function of radial distance from the Sun, and 
determine the location of the modulation boundary. 

The cosmic ray investigation uses multiple-solid state 
detector telescopes to provide large solid-angle viewing. 
The low-energy telescope system covers the range from 
to 9 million electron volts (MeV) per nucleon. The high- 
energy telescope system covers the range from 4 to 500  
MeV. The electron telescope system covers the range from 
7 MeV. 

0.5 

The cosmic-ray instrument weighs 7.5 kg (16.5 Ib.) 
and uses 8.25 watts of power, including 2.8 watts for 
supplementary heaters . 
Technology is principal investigator. 

Dr. Rochus E. Vogt of the California Institute of 

Low-Energy Charqed-Particle Investigation 

Scientific objectives of the Low-Energy Charqed 
Particle Investigation include studies of the charged 
particle composition, energy-distribution and angular 
distribution with respect to: 

Saturn's magnetosphere (exploratory) and Jupiter's 
magnetosphere (detailed studies): 

- more - 
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I n t e r a c t i o n s  o f  charged p a r t i c l e s  w i t h  t h e  
s a t e l l i t e s  of J u p i t e r  and Sa tu rn  and p o s s i b l y  
w i t h  t h e  r i n g s  of S a t u r n ;  

0 Measurements of  quas i - s t eady  i n t e r p l a n e t a r y  f l u x  
and high-energy components of t h e  s o l a r  wind; 

Determinat ion of t h e  o r i g i n  and i n t e r s t e l l a r  
p ropaga t ion  of g a l a c t i c  cosmic r a y s  ( t h o s e  t h a t  
come f r o m  o u t s i d e  t h e  s o l a r  s y s t e m ) ;  

Measurements of t h e  p ropaga t ion  of s o l a r  p a r t i c l e s  
i n  t h e  o u t e r  s o l a r  system. 

The i n v e s t i g a t i o n  uses  two s o l i d  s t a t e  d e t e c t o r  systems 
on a r o t a t i n g  p l a t f o r m  mounted on t h e  scan  p l a t f o r m  boom. 
One system i s  a low energy  magnetospheric  p a r t i c l e  a n a l y z e r  
w i th  l a r g e  dynamic range  t o  measure electrons wi th  enerqy  
ranging  from 15,000 e l e c t r o n  v o l t s  (15 K e V )  t o  g r e a t e r  
t han  1 MeV; and i o n s  i n  t h e  energy  range  from 15,000KeV 
p e r  nucleon t o  1 6 0  MeV p e r  nucleon.  

The second d e t e c t o r  sys t em i s  a low-enerav Dart ic le  
t e l e s c o p e  t h a t  covers t h e  range  f r o m  0.15 MeV p e r  nucleon 
t o  g r e a t e r  t han  about 1 0  MeV p e r  nucleon. 

The Low-Enerqy C h a r g e d - P a r t i c k  I n v e s t i g a t i o n  W F ? ~ C T ~ C  

7.5 kg (16 .5  l b . )  and draws 9 .46  w a t t s  i n c l u d i n a  4.66 w a t t s  
f o r  supplementary h e a t e r s .  

D r .  S. M. (Tom) Kr imigis  of t h e  Applied Phys ic s  
Labora tory ,  Johns Hopkins U n i v e r s i t y ,  i s  p r i n c i p a l  
i n v e s t i g a t o r .  

Magnetic F i e l d s  I n v e s t i g a t i o n  

The magnet ic  f i e l d  o f  a p l a n e  i s  an e x t e r n a l l y  
measurable  m a n i f e s t a t i o n  of c o n d i t i o n s  deep i n  i t s  i n t e r i o r .  

The magnet ic  f i e l d s  i n s t r u m e n t s  on Voyager 1 and 2 
w i l l  de te rmine  t h e  magnet ic  f i e l d  and magnetospheric  
s t r u c t u r e  a t  J u p i t e r  and S a t u r n ;  t h e y  w i l l  s t udy  t h e  
i n t e r a c t i o n  o f  t h e  magnet ic  f i e l d  and t h e  s a t e l l i t e s  
t h a t  o r b i t  t h e  p l a n e t s  i n s i d e  t h a t  f i e l d  and w i l l  s t u d y  
t h e  i n t e r p l a n e t a r y - i n t e r s t e l l a r  magnet ic  f i e l d .  

- more - 
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Four magnetometers are c a r r i e d  aboard Voyager. 
Two are low=f ie ld ,  t h r e e - a x i s  i n s t r u m e n t s  located on 
a boom t o  p l a c e  them as  f a r  from t h e  s p a c e c r a f t  body 
as p o s s i b l e .  This  a l lows  s e p a r a t i o n  o f  t h e  s p a c e c r a f t ' s  
magnet ic  f i e l d  from t h e  e x t e r n a l  f i e l d  t h a t  i s  t o  be 
measured. The o t h e r  t w o  magnetometers are h igh  f i e l d ,  
t h r e e - a x i s  i n s t r u m e n t s  mounted on t h e  s p a c e c r a f t  body. 

The boom-mounted, low-f ie ld  i n s t r u m e n t s  w i l l  measure 
t h e  magnet ic  f i e l d s  i n  t h e  range from l o p  t e s l a  ( 0 . 0 1 0  gamma) 
t o  50u t e s l a  ( 5 0 , 0 0 0  gamma). (F i f ty - thousand  gamma e q u a l s  
one-half  gauss ,  abou t  t h e  average  magnet ic  f i e l d  s t r e n g t h  
a t  t h e  s u r f a c e  o f  E a r t h . )  

The h i g h - f i e l d  in s t rumen t s  cover  t h e  range f r o m  
25n tes la  (25 <.amma) t o  2m t e s l a  ( 2 0  g a u s s ) .  While t h e  
h i g h e s t  f i e l d  s t r e n g t h s  measured by t h e  P ionee r  s p a c e c r a f t  
a t  J u p i t e r  were abou t  1.4m t es la  ( 1 4  gauss )  s c i e n t i s t s  e x p e c t  
t h a t  l o c a l i z e d ,  s t r o n g e r  f i e l d s  may be a s s o c i a t e d  w i t h  t h e  
p l a n e t s  o r  some of  t h e i r  s a t e l l i t e s .  

T o t a l  weight  of  t h e  magnet ic  f i e l d s  i n v e s t i g a t i o n  i s  
5.6 kg (12.3 lb.). The i n s t r u m e n t s  use  2 . 1  w a t t s  
o f  power. 

D r .  Norman N e s s  of N A S A ' s  Goddard Space F l i g h t  Center  
i s  p r i n c i p a l  i n v e s t i g a t o r .  

I n f r a r e d  Spectroscopy and Radiometry I n v e s t i g a t i o n  

The I R I S  i n s t rumen t  i s  des igned  t o  perform s p e c t r a l  
and r a d i o m e t r i c  measurements of  t h e  Jov ian  and S a t u r n i a n  
p l a n e t a r y  systems and t a r g e t s  of o p p o r t u n i t y  du r ing  t h e  
c r u i s e  phase o f  t h e  miss ion .  

S c i e n t i f i c  o b j e c t i v e s  f o r  I R I S  are:  

Measurement o f  t h e  energy ba lance  o f  J u p i t e r  and 
Sa tu rn .  

S t u d i e s  of t h e  a tmospher ic  composi t ions of J u p i t e r ,  
S a t u r n ,  T i t a n  and o t h e r  s a t e l l i t e s .  

Temperature  s t r u c t u r e  and dynamics of t h e  
atmospheres .  

Measurements o f  composi t ion and c h a r a c t e r i s t i c s  
o f  c louds  and a e r o s o l s .  

- more - 
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0 S t u d i e s  o f  t h e  composi t ion and c h a r a c t e r i s t i c s  
o f  r i n g  p a r t i c l e s  ( a t  S a t u r n )  and t h e  s u r f a c e s  
o f  t h o s e  sa te l l i t es  t h e  in s t rumen t  w i l l  observe .  

The in s t rumen t  p rov ides  broad s p e c t r a l  coverage ,  
h igh  s p e c t r a l  r e s o l u t i o n  and l o w  n o i s e  equ iva lence  
r a d i a n c e  through use  of  Michelson i n t e r f e r o m e t e r s .  
These c h a r a c t e r i s t i c s  of  t h e  i n s t r u m e n t ,  as w e l l  as 
t h e  p r e c i s i o n  of t h e  r ad iomete r ,  w i l l  a l l o w  s c i e n t i s t s  
t o  a c q u i r e  in fo rma t ion  abou t  a wide v a r i e t y  of  s c i e n t i f i c  
q u e s t i o n s  concern ing  t h e  atmospheres of  t h e  p l a n e t s  and 
sa te l l i t es ,  local  and g l o b a l  energy  ba lance  and t h e  
n a t u r e  of  s a t e l l i t e  s u r f a c e s  and t h e  r i n g s  of  S a t u r n .  

Two v e r s i o n s  of  t h e  IRIS i n s t r u m e n t  are be ing  
p repa red  for p o s s i b l e  use on t h e  s p a c e c r a f t .  The 
f i r s t ,  known simply as I R I S ,  w a s  des igned  f o r  u se  a t  
t h e  J u p i t e r  and S a t u r n  p l a n e t a r y  systems.  I t  i s  an  improved 
v e r s i o n  of  t h e  IRIS i n s t r u m e n t  which f l ew  t o  Mars on Mariner  9 
i n  1971-72 .  The second,  known as t h e  Modified IRIS, o r  
MIRIS, w a s  des igned  l a t e r  t o  be a b l e  t o  perform f a r t h e r  o u t  
i n  t h e  solar  system a t  Uranus. E i t h e r  i n s t rumen t  can be 
flown on t h e  s p a c e c r a f t  because t h e  p r i n c i p a l  mechanical  
and e lectr ical  i n t e r f a c e s  are i d e n t i c a l .  I n  g e n e r a l ,  t h e  
MIRIS i n s t r u m e n t s  w i l l  be flown on bo th  Voyager s p a c e c r a f t s  
i f  t h e y  are completed i n  t i m e  because they  o f f e r  advantages  
a t  J u p i t e r  and S a t u r n  as w e l l  as  a t  Uranus. The accom- 
panying t a b l e  compares t h e  c h a r a c t e r i s t i c s  o f  t h e  t w o  
i n s t r u m e n t  v e r s i o n s .  

IRIS Ins t rumen t s  
Comparison of C h a r a c t e r i s t i c s  

IRIS MIRIS 

2.5-50 M 1 .4 -10 ,  15-200 
Michelson I n t e r f e r o m e t e r  

S p e c t r a l  range F P 
Radiometer 

0.3-1.2 M 0 - 3 - 2 * 0  r r S p e c t r a l  Range 

Noise E q u i v a l e n t  Radiance 
(Wcm-2 SR-l/cm-l) 7x10-10 7 .5~10-12  

System Opera t ing  Temperature 200'K 140'K 

F ie ld-of  -view 0.25' 0.15' 

Weight 1 8 . 6  kg 30.2 kg 

Power,  w a t t s  2 0 . 1  1 4 . 0  

- more - 
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D r .  Rudolf A.  Hanel o f  Goddard Space F l i g h t  Center  
i s  p r i n c i p a l  i n v e s t i g a t o r .  

Photopolar imet ry  I n v e s t i g a t i o n  

A g r e a t  deal o f  i n fo rma t ion  abou t  t h e  composi t ion 
of  an  o b j e c t  can be l e a r n e d  from t h e  way t h a t  o b j e c t  
r e f l e c t s  l i g h t .  The Voyager s p a c e c r a f t ' s  pho topo la r ime te r  
w i l l  observe  h o w  l i g h t  r e f l e c t e d  from J u p i t e r ,  S a t u r n  and 
t h e i r  sa te l l i t es  i s  p o l a r i z e d  by t h e  chemicals  and aerosols 
i n  t h e  atmospheres and on t h e  s u r f a c e s .  

The pho topo la r ime te r  w i l l  measure methane, molecular 
hydrogen and ammonia above t h e  c loud  t o p s .  I t  w i l l  s t udy  
a e r o s o l  p a r t i c l e s  i n  t h e  atmospheres of  t h e  p l a n e t s  and 
s a t e l l i t e s ;  t h e  t e x t u r e s  and composi t ions o f  t h e  s u r f a c e s  
of  sa te l l i t es ;  s i z e ,  a lbedo ,  s p a t i a l  d i s t r i b u t i o n ,  shape 
and o r i e n t a t i o n  of p a r t i c l e s  i n  S a t u r n ' s  r i n g s ;  measure 
o p t i c a l  and geometr ic  t h i c k n e s s  of t h e  r i n g s ;  and observe  
t h e  sky background t o  s e a r c h  f o r  i n t e r p l a n e t a r y  and 
i n t e r s t e l l a r  p a r t i c l e s .  

The in s t rumen t  i s  made up of a 15-cm ( 6 0  i n . )  
Cassegra in  t e l e s c o p e ,  a p e r t u r e  sector ,  p o l a r i z a t i o n  
a n a l y z e r  wheel,  f i l t e r  wheel and a p h o t o m u l t i p l i e r  t u b e  
d e t e c t o r .  The f i l t e r  wheel carries e i g h t  f i l ters  rang ing  
from 2,350-Angstrom t o  7,500-Angstrom wavelength; t h r e e  
l i n e a r  p o l a r i z e r s  ( 0  deg rees ,  60 deg rees  and 1 2 0  degrees).  
p l u s  "open" o r  blank.  The i n s t r u m e n t ' s  f i e l d  of v i e w  can 
be set a t  3.5 deg rees ,  1 degree ,  1 / 4  degree  and 1 / 1 6  degree .  

The pho topo la r ime te r  weighs 4 . 4  kg ( 9 . 7  l b . )  and 
uses  2 . 6  w a t t s  average  power. 

D r .  Cha r l e s  F. L i l l i e  o f  t h e  U n i v e r s i t y  o f  
Colorado ' s  Laboratory f o r  Atmospheric and Space Phys ic s  
i s  p r i n c i p a l  i n v e s t i g a t o r .  

P l a n e t a r y  Radio Astronomy I n v e s t i g a t i o n  

The P l a n e t a r y  Radio Astronomy i n v e s t i g a t i o n  c o n s i s t s  
of a s tepped  frequency r a d i o  r e c e i v e r  t h a t  cove r s  t h e  range  
f r o m  2 0  kHz t o  40.5 mHz and t w o  monopole an tennas  1 0  m 
(33 f t . )  long ,  t o  d e t e c t  and s tudy  a v a r i e t y  o f  r a d i o  
s i g n a l s  e m i t t e d  by J u p i t e r  and S a t u r n .  

- more - 
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Scientific objectives of the investigation include 
detection and study of radio emissions from Jupiter and 
Saturn and their sources and relationship to the satellites, 
the planets' magnetic fields, atmospheric lightning and 
plasma resonances. The instrument will also measure 
planetary and solar radio bursts from new directions in 
space and will relate them to measurements made from 
Earth. 

Jupiter emits enormous bursts of radio energy that 
are not clearly understood. They appear to be related to 
the planet's magnetosphere, its rotation and even to 
passage of the satellite Io. The energy released in the 
strongest bursts is equivalent to that of multi-megaton 
hydrogen bombs. 

The receiver is designed to provide coverage in two 
frequency bands -- one covering the range from 20.4 kHz 
to 1,345 kHz, the second from 1 , 2 2 8 . 8  kHz to 40.5 mHz. 
The receiver bandwidth is 1 kHz in the low-frequench range 
and 200 kHz in the high- frequencyband. There are three 
signal input attenuators to provide switchable total 
attenuation from 0 to 90 decibels. 

The instrument weighs 7.7  kg (17 lbs.) and draws 
6.7 watts of power. 

Principal investigator is Dr. James W. Warwick of 
the Department of Astro-Geophysics, University of Colorado. 

Plasma Investiaation 

Plasma, clouds of ionized gases, moves through the 
interplanetary region and comes from the Sun and from 
stars. The plasma investigation uses two Faraday-cup plasma 
detectors, one pointed along the Earth-spacecraft line, 
the other at right angles to that line. 

Scientific objectives of the plasma investigation 
are : 

Determine properties of the solar wind, including 
changes in the properties with increasing distance 
from the Sun; 

Study of the magnetospheres that are intrinsic to 
the planets themselves and that corotate with the 
planets independent of solar wind activity: 

- more - 
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Study of t h e  s a t e l l i t e s  of J u p i t e r  and Sa tu rn  
and t h e  plasma environment of I o ;  

0 Detec t ion  and measurement o f  i n t e r s t e l l a r  i o n s .  

The Ea r th -po in t ing  d e t e c t o r  uses  a novel  g e o m e t r i c a l  
arrangement t h a t  makes it e q u i v a l e n t  t o  t h r e e  Faraday 
cups and de termines  macroscopic p r o p e r t i e s  of t h e  plasma 
i o n s .  With t h i s  d e t e c t o r ,  a c c u r a t e  v a l u e s  of  t h e  v e l o c i t y ,  
d e n s i t y  and p r e s s u r e  c a n  be determined f o r  plasma from the 
E a r t h  (1 A . U . )  t o  beyond S a t u r n  ( 1 0  A . U . ) .  Two s e q u e n t i a l  
energy scans  a r e  employed t o  a l l o w  t h e  in s t rumen t  t o  cover  
a broad range of energies -- from 1 0  e lectron v o l t s  ( e V )  
t o  6 , 0 0 0  e l e c t r o n  v o l t s  ( 6  K e V ) .  S i g n i f i c a n t  measurements 
can be made between subson ic  and supe r son ic  speeds  i n  c o l d  
s o l a r  wind o r  h o t  p l a n e t a r y  magnetosheath.  

The v a r i a b l e  energy r e s o l u t i o n  a l lows  s c i e n t i s t s  t o  
d e t e c t  and s o r t  o u t  i o n s  t h a t  f low w i t h  t h e  s o l a r  wind a t  
t h e  same t i m e  t h e y  are measuring t h e  s o l a r  w ind ' s  p r o p e r t i e s .  

The i n s t r u m e n t  has  a l a r g e  (180-degree) f i e l d  of  view 
a t  p l a n e t a r y  encoun te r s  and a 90-degree f i e l d  of  view i n  
t h e  s o l a r  wind. N o  e l e c t r i c a l  o r  mechanical  scanning  i s  
necessa ry .  

The o t h e r  Faraday cup, a s ide - look ing  o r  l a t e r a l  
d e t e c t o r ,  measures e l e c t r o n s  i n  t h e  range of 10 e V  t o  
6 K e V  and should  improve s p a t i a l  coverage f o r  any d r i f t i n g  
o r  c o r o t a t i n g  p o s i t i v e  i o n s  du r ing  p l a n e t a r y  encoun te r s .  

The in s t rumen t  was des igned  p r i m a r i l y  f o r  e x p l o r i n g  
p l a n e t s '  magnetospheres.  I t  i s  capable  of  d e t e c t i n g  h o t  
subson ic  plasma such as has  been observed i n  t h e  E a r t h ' s  
magnetosphere and i s  expec ted  from i o n s  o r i g i n a t i n g  i n  
t h e  McDonough-Brice r i n g  of I o .  The i n s t r u m e n t ' s  l a r g e  
a n g u l a r  acceptance  a l lows  d e t e c t i o n  of plasma f lows w e l l  
away from t h e  d i r e c t i o n  of  t h e  Sun, such a s  plasma f l o w s  
t h a t  c o r o t a t e  w i th  t h e  p l a n e t .  

The plasma ins t rumen t  weighs 9 . 9  kg - - 9  l b . )  and 
draws 9 . 9  w a t t s  o f  power. 

D r .  He rbe r t  Bridge of  t h e  Massachuset ts  I n s t i t u t e  
of Technology i s  p r i n c i p a l  i n v e s t i g a t o r .  
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Plasma  Wave I n v e s t i a a t i o n  

S c i e n t i f i c  o b j e c t i v e s  o f  t h e  plasma wave i n v e s t i g a t i o n  
a r e  measurements of thermal  plasma d e n s i t y  p r o f i l e s  a t  
J u p i t e r  and S a t u r n ,  s t u d i e s  of wave-pa r t i c l e  i n t e r a c t i o n s  
and s t u d y  of t h e  i n t e r a c t i o n s  of t h e  Jov ian  and S a t u r n i a n  
s a t e l l i t e s  w i t h  t h e i r  p l a n e t s '  magnetospheres.  

The plasma wave in s t rumen t  w i l l  measure e l e c t r i c - f i e l d  
components of  l o c a l  plasma waves ove r  t h e  frequency range  
from 1 0  Hz t o  56 kHz. 

The in s t rumen t  s h a r e s  t h e  t w o  ex tendab le  1 0 - m  ( 3 3  f t . )  
e lectr ic  an tennas  provided  by t h e  p l a n e t a r y  r a d i o  astronomy 
experiment  team. The two groups u s e  t h e  an tennas  i n  d i f f e r e n t  
ways. The plasma wave i n v e s t i g a t i o n  uses  t h e  an tennas  t o  form 
a Vee-type ba lanced  e lec t r ic  d i p o l e ,  whi le  t h e  r a d i o  astronomy 
i n v e s t i g a t i o n  u s e s  them as a p a i r  of o r thogona l  monopoles. 

I n  t h e  normal format ,  t h e  plasma wave s i g n a l s  are 
processed  w i t h  a s imple  16-channel spectrum a n a l y z e r .  
A t  p l a n e t a r y  e n c o u n t e r s , t h e  system w i l l  p rov ide  a s p e c t r a l  
scan  eve ry  f o u r  seconds.  

The plasma wave system has  a broadband a m p l i f i e r  t h a t  
w i l l  use  t h e  Voyager v ideo  t e l e m e t r y  l i n k  t o  g i v e  e lectr ic  
f i e l d  waveforms, w i t h  a frequency range from 50 Hz t o  1 0  kHz, 
a t  selected t i m e s  du r ing  p l a n e t  encoun te r s .  

The i n v e s t i g a t i o n  i s  des igned  t o  p rov ide  key in fo rma t ion  
on t h e  wave-pa r t i c l e  i n t e r a c t i o n  phenomena t h a t  c o n t r o l  
impor t an t  a s p e c t s  of t h e  dynamics o f  t h e  magnetospheres o f  
J u p i t e r  and S a t u r n .  Wave-part ic le  i n t e r a c t i o n s  p l a y  
ex t remely  impor t an t  roles a t  E a r t h  and s c i e n t i s t s  under- 
s t a n d  t h a t  a t  l eas t  t h e  i n n e r  magnetosphere o f  J u p i t e r  i s  
c o n c e p t u a l l y  s i m i l a r  t o  t h a t  o f  E a r t h  d e s p i t e  t h e  v a s t  
d i f f e r e n c e  i n  s i z e  and i n  energy o f  t h e  t r apped  p a r t i c l e s .  

I n  a d d i t i o n ,  t h e  s a t e l l i t e s  o f  J u p i t e r  and S a t u r n  
appear  t o  p rov ide  impor t an t  l o c a l i z e d  s o u r c e s  of plasma 
and f i e l d - a l i g n e d  c u r r e n t s  and they  should  s i g n i f i c a n t l y  
a f f e c t  t h e  t r a p p e d - p a r t i c l e  p o p u l a t i o n s .  

The in s t rumen t  weighs 1 . 4  kg ( 3 . 1  l b . )  and draws 
1 . 6  w a t t s  of power. 

D r .  F r e d e r i c k  L. Sca r f  of TRW Defense and Space 
Systems i s  p r i n c i p a l  i n v e s t i g a t o r .  
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Radio Science Investigation 

to conduct several investigations by observing how the 
radio signals are changed on their way to Earth. 

The spacecraft's communications system will be used 

By measuring the way signals die out and return 
when the spacecraft disappears behind a planet or satellite 
and then reappearsfthe radio science team can determine the 
properties of planetary and satellite atmospheres and 
ionospheres. 

The radio signals also allow scientists to make 
precise measurements of the spacecraft's trajectory as 
it passes near a planet or satellite. Post-flight 
analyses allow determination of the mass of a body and 
its density and shape. 

The rings of Saturn will also be explored by the 
radio science team by measuring the scattering of the 
radio signals as they travel through the rings. This 
will provide measurements of ring mass, particle 
size distribution and ring structure. 

The investigation uses the microwave receivers and 
transmitters on the spacecraft as well as special 
equipment at the Deep Space Network tracking stations. 
The spacecraft transmitters are capable of sending 
9 . 4 ,  20 or 2 8 . 3  watts at S-band, and 12 or 21.3 watts 
at X-band. The spacecraft antenna is a 3.67 m (12 ft.) 
parabola and is aimed by special maneuvers performed 
during planet occultations. 

Dr. Von R. Eshleman of the Center for Radar Astronomy, 
Stanford University, is the Leader of the Radio Science 
Team. 

Imaginq Science Investigation 

aboard Mariner spacecraft, with advancements and changes 
dictated by the specific requirements of flybys of Jupiter, 
Saturn and their satellites. 

The Voyager imaging system is based on those flown 

- more - 
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Science objectives for the imaging science investi- 
gation include reconnaissance of the Jupiter and Saturn 
systems, including high-resolution photography of 
atmospheric motions, colors and unusual features (such 
as the Great Red Spot and similar smaller "spots"), 
vertical structure of the atmospheres of the planets, 
comparative and detailed geology of satellites, satellite 
size and rotation and detailed studies of the rings of 
Saturn. 

Two television-type cameras are mounted on the 
spacecraft's scan platform: a 2oomm focal-length, wide- 
angle camera with 4,000-Angstrom to 6,200-Angstrom sensi- 
tivity and a 1,500mm focal-length, narrow-angle camera 
with a 3,200-Angstrom to 6,200-Angstrom range. 

The discs of Jupiter and Saturn will exceed the field 
of view of the narrow-angle camera about 20 days before 
closest approach. At that time, resolution will be about 
400 km (250 mi.). For several days before and after 
closest approach, scientists will have several simultaneous 
imaging opportunities: 

0 Photography at high resolution of planets whose 
angular diameters are many times larger than the 
field of view; 

Close encounters (some comparable with Mariner 10's 
Mercury flybys) with the major satellites. For 
example,all four Galilean satellites (Jupiter's 
largest) will probably be photographed at 
resolution better than 4 km (2.5 mi.) ; 

More distant photography of several additional 
satellites: 

High-resolution photography of Saturn's rings. 

To exploit such a variety of opportunities, it is 
necessary for the spacecraft to return large quantities of 
imaging data. The camera-spacecraft system has been designed 
to return imaging data over a wide range of telemetry rates 
in real time. Data can also be recorded on board the 
spacecraft for later playback to Earth -- during occultation 
by Jupiter, for instance. 

Each camera is equipped with a filter wheel whose 
eight individual filters have a variety of uses: 

- more - 
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The wide-angle camera 's  f i l t e r  wheel c o n t a i n s  one 
c lear  f i l t e r ,  one each i n  v i o l e t ,  b l u e ,  g reen  and orange  
wavelengths ,  a seven-Angstrom sodium-D f i l t e r  f o r  s p e c i a l  
o b s e r v a t i o n s  n e a r  Io  and o t h e r  s a t e l l i t e s  and two 
100-Angstrom f i l t e r s  a t  t h e  wavelength of methane 
a b s o r p t i o n  f o r  s tudy  of t h e  d i s t r i b u t i o n  of methane 
i n  t h e  atmospheres of J u p i t e r ,  S a t u r n ,  T i t a n  and Uranus. 

The narrow ang le  camera's  f i l t e r  w h e e l  carries two 
c lear  f i l t e r s ,  t w o  green  and one e a c h o f  v i o l e t ,  b l u e ,  
o range  and u l t r a v i o l e t .  

Voyager w i l l  be t h e  f i r s t  imaging system wi th  narrow- 
band c a p a b i l i t y  t o  d i r e c t l y  observe  d i s t r i b u t i o n  o f  a tomic 
and molecular  s p e c i e s .  The seven-Angstrom sodium-D f i l t e r  
i s  t h e  nar rowes t  bandwidth f i l t e r  e v e r  flown w i t h  t h i s  k i n d  
of  camera. 

Because t h e  Voyager s p a c e c r a f t  w i l l  p a s s  t h e  p l a n e t s  
and s a t e l l i t e s  a t  h igh  v e l o c i t i e s  and must t a k e  p i c t u r e s  i n  
dimmer l i g h t  than  Mariner mis s ions  t o  t h e  i n n e r  p l a n e t s ,  
image smear c o n d i t i o n s  a r e  more s e v e r e  t h a n  on p rev ious  
f l i g h t s .  T o  overcome t h e s e  problems, t h e  camera's 
p r e a m p l i f i e r s  have been r edes igned  t o  lower system n o i s e  and 
and t o  i n c o r p o r a t e  a h i g h  g a i n  s t a t e .  Both changes are  
meant t o  p rov ide  h igh  q u a l i t y  images w i t h  minimum smear. 

During t h e  s e v e r a l  months b e f o r e  c l o s e s t  approach,  
t h e  narrow-angle cameras w i l l  photograph J u p i t e r  and S a t u r n  
r e g u l a r l y  and o f t e n  t o  p rov ide  in fo rma t ion  on c loud  motions.  
These p i c t u r e s  w i l l  be taken  on a schedule  which would 
pe rmi t  s c i e n t i s t s  t o  make motion p i c t u r e s  i n  which t h e  
p l a n e t ' s  r o t a t i o n  has  been " f rozen"  so t h a t  on ly  t h e  c loud  
motions a r e  appa ren t .  Reso lu t ion  d u r i n g  t h e  p e r i o d  w i l l  
rang€ from about  1 , 6 0 0  k m  ( 1 , 0 0 0  m i . )  t o  about  4 0 0  km 
( 2 5 0  m i . ) .  Once t h e  p l a n e t  grows l a r g e r  t han  t h e  narrow 
a n g l e  camera's f i e l d  of v i e w ,  t h e  wide-angle camera w i l l  
beg in  i t s  work. The narrow-angle camera w i l l  then  
r e p e a t e d l y  photograph p o r t i o n s  of  t h e  p l a n e t s  t h a t  

be s h u t t e r e d  s imul t aneous ly  d u r i n g  t h e s e  p e r i o d s  so 
s c i e n t i s t s  can re la te  s m a l l  scale motions t o  l a r g e r  
p a t t e r n s .  

war ran t  s p e c i a l  s c i e n t i f i c  i n t e r e s t .  Both cameras w i l l  
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Because of  t h e  n a t u r e  of  t h e  p l a n e t a r y  f lybys  t h e  

cameras w i l l  n o t  be a b l e  t o  concen t r a t e  on a s i n g l e  t a r g e t  
f o r  hours a t  a t i m e .  A s  each s a t e l l i t e  moves it w i l l  p r e s e n t  
an everchanging appearance t o  t h e  cameras. The, p l a n e t s '  
c louds  w i l l  a l s o  be i n  c o n s t a n t  motion. Therefore ,  obser-  
v a t i o n a l  sequences are s t r u c t u r e d  t o  provide r epea ted  images 
a t  d i f f e r i n g  i n t e r v a l s  f o r  each t a r g e t .  Add i t iona l ly ,  l a r g e  
amounts of  m u l t i c o l o r  imaging d a t a  w i l l  be ob ta ined  f o r  t h e  
p l a n e t s  and s a t e l l i t e s .  

4 1 . 7  w a t t s  of  power inc lud ing  8 . 6  w a t t s  f o r  ins t rument  and 
scan p l a t fo rm supplementary heaters.  

The camera system weighs 38.2 kg ( 8 4  lb.) and uses  

D r .  Bradford A. Smith o f  t h e  Univers i ty  o f  Arizona i s  
t h e  l e a d e r  o f  t h e  Imaging Science Team.  

U l t r a v i o l e t  Spectroscopy I n v e s t i g a t i o n  

The u l t r a v i o l e t  spec t rometer  looks a t  t h e  p l a n e t s '  
atmospheres and a t  i n t e r p l a n e t a r y  space.  

S c i e n t i f i c  o b j e c t i v e s  of  t h e  i n v e s t i g a t i o n  a r e :  

To determine d i s t r i b u t i o n s  of  t h e  major c o n s t i t u e n t s  
of t h e  upper atmospheres o f  J u p i t e r ,  Sa turn  and 
T i t a n  as a func t ion  o f  a l k i t u d e ;  

To measure abso rp t ion  o f  t h e  Sun ' s  u l t r a v i o l e t  
r a d i a t i o n  by t h e  upper atmospheres a s  t h e  Sun i s  
occu l t ed  by J u p i t e r ,  Sa turn  and Ti tan:  

To measure u l t r a v i o l e t  a i rg low emissions o f  t h e  
atmospheres from t h e  b r i g h t d i s c s  o f  t h e  t h r e e  
bodies ,  t h e i r  b r i g h t  l imbs,  t e rmina to r s  and 
dark  s i d e s ;  

Determine d i s t r i b u t i o n  and r a t i o  o f  hydrogen and 
helium i n  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  space.  

The ins t rument  measures u l t r a v i o l e t  r a d i a t i o n  i n  
1,200-Angstrom bandwidth i n  t h e  range from 4 0 0  t o  1,800 
Angstroms. 
p l a t e  e l e c t r o n  m u l t i p l i e r  and a 128-channel anode a r r a y .  A 
f i x e d  p o s i t i o n  mi r ro r  r e f l e c t s  s u n l i g h t  i n t o  t h e  ins t rument  
du r ing  o c c u l t a t i o n .  The ins t rument  has  a 0.86-degree by 
0.6-degree f i e l d  of  view dur ing  o c c u l t a t i o n  and a 0.86- 
by 2-degree f i e l d  of view f o r  a i rg low measurements. 

I t  uses  a g r a t i n g  spec t rometer  wi th  a microchannel 

The u l t r a v i o l e t  spec t rometer  weighs 4.5 kg (9.9 Ib.) 

D r .  A. Lyle Broadfoot of  K i t t  Peak Nat iona l  

and uses  2.5 w a t t s  of power. 

Observatory i s  p r i n c i p a l  i n v e s t i g a t o r .  
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VOYAGER SCIENCE TEAMS 
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VOYAGER SCIENCE TEAMS (Continued) 
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VOYAGER SCIENCE TEAMS (Continued) 
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VOYAGER SCIENCE TEAMS (Continued) 
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VOYAGER SCIENCE TEAMS (Continued) 
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VOYAGER LAUNCH PREPARATIONS 

The Voyagers w i l l  be launched aboard T i t a n  Centaurs  6 
and 7 from Complex 4 1  of t h e  T i t a n  I11 Complex a t  t h e  A i r  
F o r c e ' s  Eas t e rn  T e s t  Range. Launch w i l l  be under t h e  d i r e c -  
t i o n  of John F. Kennedy Space C e n t e r ' s  ( K S C ' s )  Expendable 
Vehicles  Directorate,  Kennedy Space Center ,  F l a .  

The Voyager launch oppor tun i ty  ex tends  from August 2 0  
t o  September 2 3 ,  imposing s t r i n g e n t  schedul ing  requirements  
on t h e  team t o  conduct bo th  launches from a s i n g l e  pad with- 
i n  a s h o r t  t i m e  span. T h e  schedule  i s  even more demanding 
because of t h e  p l an  t o  launch t h e  Voyager space v e h i c l e s  
11 days a p a r t  t o  improve t h e  p r o b a b i l i t y  of g e t t i n g  both 
missions underway be fo re  t h e  end of t h e  window September 2 3 .  

The T i t a n  I11 f a c i l i t y  has  two a c t i v e  pads,  LC-40 and 
L C - 4 1 ,  b u t  on ly  Complex 4 1  has  been modified t o  accommodate 
NASA's hydrogen-fueled Centaur.  

The dua l  T i t a n  Centaur launch ope ra t ion  i s  almost a 
r ep lay  of t h e  back-to-back Viking launches conducted from 
Complex 4 1  i n  t h e  l a t e  summer of  1975. The Voyager launches 
are t h e  l a s t  miss ions  now scheduled f o r  t h e  T i t a n  Centaur 
rocke t .  

Launch F a c i l i t i e s  

The T i t a n  I11 Complex--built on manmade i s l a n d s  i n  t h e  
Banana River--consis ts  o f :  S o l i d  rocke t  motor s e r v i c i n g  and 
s t o r a g e  areas; a V e r t i c a l  I n t e g r a t i o n  Building ( V I B ) ;  a 
S o l i d  Motor Assembly Bui ld ing  (SMAB); Launch Complexes 4 0  
and 4 1 ;  and a double- t rack locomotive system which t r a n s p o r t s  
t h e  mated T i t a n  co re  and Centaur v e h i c l e  from t h e  V I B  through 
through SMAB t o  launch Complex 4 1 .  The r a i l  system covers  
a d i s t a n c e  of about  32  km ( 2 0  m i . )  t o  l i n k  t h e  va r ious  f a c i l i -  
t ies  of t h e  complex. 

Hardware Assemblv 

The T i t a n ,  Centaur and Centaur p o r t i o n  of t h e  shroud 
are e r e c t e d  and mated i n  t h e  V I B  on a mobile t r anspor t e r - -  
umbi l i ca l  m a s t  s t r u c t u r e .  Attached t o  t h e  t r a n s p o r t e r  are 
t h r e e  vans which remain connected t o  t h e  t r a n s p o r t e r  and 

- more - 
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v e h i c l e  th roughout  t h e  r ece ip t - to - l aunch  sequence. Upon 
complet ion of  i n t e g r a t e d  tests i n  t h e  V I S ,  t h e  assembled 
T i t a n  and Centaur  are moved on t h e  t r a n s p o r t e r  t o  t h e  SMAB. 
A f t e r  t h e  s o l i d  r o c k e t  motors and c o r e  s t a g e s  are s t r u c t u r a l l y  
mated, t h e  v e h i c l e  i s  moved t o  t h e  launch complex. A mobile 
service s t r u c t u r e  p rov ides  a c c e s s  t o  a l l  mated v e h i c l e  s t a g e s ,  
and an environmental  e n c l o s u r e  ( "whi t e  room") p r o t e c t s  t h e  
Centaur  and t h e  s p a c e c r a f t .  

Because of t h e  qu ick  turnaround launch sequence r e q u i r e d  
by Voyager, t h e  T i t a n  Centaur  f o r  t h e  second miss ion  (TC-6)  
was processed  f i r s t .  The T i t a n  c o r e  f o r  TC-6 w a s  e r e c t e d  
i n  t h e  V I B  on October 1 2 ,  1 9 7 6 ,  and t h e  Centaur  s t a g e  w a s  
mated w i t h  it October  1 9 .  TC-6, w i thou t  i t s  s o l i d  r o c k e t  
boosters, w a s  moved to Complex 41 for checkout and major 
t es t s  January  4, 1 9 7 7 .  I t  w a s  moved back i n t o  t h e  V I B  f o r  
s t o r a g e  A p r i l  6 .  

The T i t a n  core f o r  TC-7 w a s  e r e c t e d  on February 3 and 
t h e  Centaur  s t a g e  mated w i t h  it February 1 6 .  TC-7 w a s  moved 
i n t o  t h e  SMAB f o r  t h e  i n s t a l l a t i o n  of  i t s  s o l i d  r o c k e t  b o o s t e r s  
d u r i n g  t h e  f i r s t  week of  A p r i l  and t o  Complex 4 1  A p r i l  1 4 .  

TC-7 w i l l  remain a t  Complex 4 1  f o r  t e s t i n g  and f i n a l  
launch p r e p a r a t i o n s  through launch  of t h e  f i r s t  Voyager m i s -  
s i o n ,  now scheduled  f o r  August 20 .  

TC-6 w i l l  remain i n  s t o r a g e  i n  t h e  V I B  u n t i l  J u l y  20  
when it i s  t o  be moved i n t o  t h e  SMAB f o r  mat ing w i t h  i t s  
s o l i d  r o c k e t  b o o s t e r s .  The move t o  Complex 4 1  f o r  f i n a l  
p r e p a r a t i o n s  f o r  launch of t h e  second Voyager miss ion  i s  
scheduled  f o r  one day a f t e r  t h e  launch of  TC-7 w i t h  t h e  
f i r s t  Voyager. 

S p a c e c r a f t  P r e p a r a t i o n s  

Elements of t h e  Voyager s p a c e c r a f t  began a r r i v i n g  a t  
Kennedy Space Center  i n  A p r i l  f o r  pre- launch o p e r a t i o n s ,  
i n c l u d i n g  assembly, checkout ,  f u e l i n g  and e n c a p s u l a t i o n  i n  
t h e  payload s e c t i o n  of t h e  shroud. S p a c e c r a f t  p rocess ing  
i s  t h e  r e s p o n s i b i l i t y  of t h e  Je t  P ropu l s ion  Labora to ry ,  
Pasadena, C a l i f .  The p r o p u l s i o n  modules were processed  i n  
ESA-GOA and t h e  mis s ion  modules w e r e  p rocessed  i n  
Hangar AO, bo th  a t  Cape Canaveral  A i r  Force S t a t i o n .  
F i n a l  assembly and e n c a p s u l a t i o n  w a s  accomplished i n  
S p a c e c r a f t  Assembly and Encapsula t ion  F a c i l i t y  (SAEF) 
1 and 2 i n  t h e  KSC I n d u s t r i a l  A r e a .  
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The " p a t h f i n d e r "  o r  proof t e s t  model s p a c e c r a f t  was 
r e c e i v e d  a t  Kennedy Space C e n t e r  A p r i l  11 and passed through 
t h e  p rocess ing  c y c l e  t o  be fol lowed by t h e  f l i g h t  s p a c e c r a f t .  
I t  was e r e c t e d  a t o p  TC-7 a t  Complex 4 1  du r ing  t h e  t h i r d  week 
of May f o r  pad o p e r a t i o n s  and countdown tes ts .  

The f i r s t  f l i g h t  s p a c e c r a f t  was r e c e i v e d  a t  Kennedy 
Space Center  A p r i l  25. A f t e r  i n i t i a l  p r o c e s s i n g  of t h e  pro- 
p u l s i o n  and miss ion  modules a t  t h e  Cape they  w e r e  moved t o  
SAEF-1 f o r  mating i n  mid-July. 

The n u c l e a r  e l e c t r i c a l  g e n e r a t o r  power sou rce  w i l l  be 
i n s t a l l e d  J u l y  31 p r i o r  t o  e n c a p s u l a t i o n  of t h e  s p a c e c r a f t  
i n  t h e  payload p o r t i o n  of t h e  shroud August 3. The space- 
c r a f t  i s  t o  be moved t o  Complex 4 1  f o r  mating w i t h  TC-7 
August 5 .  

The second f l i g h t  s p a c e c r a f t  a r r i v e d  a t  Kennedy Space 
Center  on May 23. A f t e r  i n i t i a l  p r o c e s s i n g  of t h e  propul -  
s i o n  and m i s s i o n  modules a t  ESA-GOA and Hangar A 0  r e s p e c t i v e l y ,  
t h e y  w e r e  moved t o  SAEF-2 d u r i n g  t h e  second week i n  J u l y .  
The s p a c e c r a f t  modules were mated du r ing  t h e  f o u r t h  week of 
J u l y .  The n u c l e a r  e l e c t r i c a l  g e n e r a t o r  power sou rce  i s  t o  
be i n s t a l l e d  and t h e  s p a c e c r a f t  encapsu la t ed  i n  i t s  shroud 
du r ing  t h e  t h i r d  week of August. 
goes on schedu le ,  t h e  s p a c e c r a f t  w i l l  be moved t o  Complex 4 1  
f o r  mating w i t h  TC-6 August 2 3  i n  p r e p a r a t i o n  f o r  a launch 
scheduled f o r  September 1. 

I f  t h e  f i r s t  Voyager launch 

Launch Opera t ions  

Launch w i l l  be  d i r e c t e d  from V I B ,  a 23-story s t r u c t u r e  
c o n t a i n i n g  n i n e  m i l l i o n  cub ic  f e e t  of space .  The Launch 
Cont ro l  Area,  c o n s i s t i n g  of t h r e e  rooms, i s  t h e  nerve  c e n t e r  
of t h e  Ti tan-Centaur  Complex. The V I B  i s  l o c a t e d  5 , 9 0 0  m e t e r s  
( 1 9 , 4 0 0  f e e t )  from LC-41.  

Press S i t e  3 ,  t h e  p r e s s  viewing a r e a  f o r  T i t a n  I11 
l aunches ,  i s  l o c a t e d  s o u t h e a s t  of t h e  V I B  and about  6 , 1 0 0  meters 
( 2 0 , 0 0 0  f e e t )  from LC-41 .  
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TYPICAL VOYAGER LAUNCH SEQUENCE 

Following i s  a sequence of s e l e c t e d  launch v e h i c l e  and 
s p a c e c r a f t  e v e n t s  based on an August 2 0 ,  1 9 7 7 ,  l aunch  and a 
J u p i t e r  a r r i v a l  date i n  mid-July,  1 9 7 9 .  

The t i m e  of e v e n t s  p r e s e n t e d  i n  t h e  Table  depend on 
launch day- -a r r iva l  day and t r a j e c t o r y .  Events  i n i t i a t e d  
a f t e r  t h e  pa rk ing  o r b i t  c o a s t ,  due t o  c o a s t  t i m e  v a r i a n c e ,  
may vary  i n  rea l  t i m e  as much as 5 minutes  ove r  t h e  launch  
p e r i o d  f o r  a p a r t i c u l a r  launch  day. The r e l a t i v e  t i m e  of 
occur rence  between e v e n t s  a f t e r  t h e  pa rk ing  o r b i t  coast ,  
however, w i l l  remain t h e  same. T - t i m e  i s  t i m e  from l i f t  
o f f ,  b u t  i n c l u d e s  two scheduled h o l d s  of 1 hour and 1 0  minutes  
d u r a t i o n .  L - t i m e  i s  e s s e n t i a l l y  rea l  t i m e  from l i f t  o f f  and 
has  no scheduled  hold.  I - t i m e  deno tes  t i m e  r e l a t i v e  t o  pro-  
p u l s i o n  module burnout  ( i n j e c t i o n ) .  
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Count T i m e  

T-6 : 50 : 00  

T-0:00:00 .2  

T-0: 00 :  00  

T+O: 00 :  1 0  

T+O : 0 1  : 4 9  

T+O: 01:  5 1  

T+O: 02 : 0 2  

T+O : 0 4 : 2 0 

T+O: 0 4 :  2 1  

T+O : 0 4  : 31 

T+ 0 : 07 : 51 

T+O: 07 : 57 

T+O : 08 : 08 

T+O: 09: 50  

T+O : 2 0 : 0 0 

Relat ive T i m e  

L-8: 0 O : O O  

L-0: 00: 00.2 

L-0 : 00  : 00  

L+O : 2 0 : 0 0 

Event 

Unshort RTGs 

Ti tan Stage 0 
i gn i t i on  

L i f to f f  

V e n t  RTGs 

Stage 0 shutdown 

Stage 1 ign i t ion  

Stage 0 separat ion 

Stage 1 shutdown 

Stage 1 separat ion 
Stage 2 i gn i t i on  

Centaur shroud 
j e t t i s o n  

Stage 2 shutdown 

Stage 2 separation 

Centaur main engine 
s t a r t  (MES 1) 

Centaur main engine 
cutoff  (MECO 1) 
Begin parking o r b i t  
coast  

Minimum RTG power 
a f t e r  venting 

Comments 

S/C power on 

Ti tan s o l i d  boosters  

Pressure r e l ease  
device ac tua tes  
approximately 
6 , 1 0 0  m ( 2 0 , 0 0 0  f t . )  
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Count T i m e  

T+O : 4 0 : 0 0 

T+O : 4 2  : 25 

T+O : 4 8 : 0 8 

T+O : 5 8 : 3 0 

T+1:00:11 

T+1: 0 0 : 11 

Relative T i m e  

1-0: 02: 09 

1-0 : 0 2  : 09 

1-0: 0 1 :  0 4  

1-0: 01: 02 

1-0: 01: 00  

Event 

Enter Earth shadow 

Centaur main engine 
s t a r t  (MES-2) 

Centaur main engine 
cutoff ( e a r l i e s t  
MECO 2 )  

S t a r t  post  MECO 2 
coast  

Select  t e l e m e t r y  
modula -ion u n i t  
s t a t u s  

Select  f l i g h t  data  
subsystem mode 

Activate propulsion 
module ba t t e r i e s  

Gyros t o  high ra te  
mode 

Spacecraft-Centaur 
separation 

Comments 

Shadow entry can 
vary between 
T+O : 37 : 3 0  md 
T+O:51:08 over 
the  launch period 

MES 2 can vary 
between T+O: 47  : 30 
and T+0:56:30 

MECO 2 can vary 
between T+0:53:30 
and T+1:02:30 
launch period 
Post MECO 2 coast. 
t i m e  i s  185 sec- 
onds up through 
Sept. 12 launches 
and 85 seconds 
thereaf te r  

S-band high rate  
channel 

High r a t e  engineer- 
ing data  ( 1 2 0 0  b.p.s.) 

CCS issues  DC-4T 
commands 

Separation occurs 
1 5  sec. before 
propulsion module 
ign i t ion .  

- more - 



-99-  

Relative Time Count T ime Event Comments 

T+1: 0 2 :  19 

~ + 1 :  03:  2 1  

T+1:  05 : 04 

I-00:00:50 

1-0: 00:45  

1-0: 00:  0 0  

1 + 0  : 00: 05 

1 + 0  : 00 : 15 

I + O  : 01 : 0 2  

1 + 0  : 01 : 07 

I+O: O B :  1 2  

Thrust vector con- 
trol engines in burn 
mode 

Start solid motor 

Propulsion module 
burnout (miss ion 
module injection) 

Post burn mode/5-lb. 
engine control 

Commanded turn 

Release RTG boom 

Release science boom 

Exit Earth shadow 

Booms deployed 
Slew scan platform 

100-pound-thrust 
engines enabled 
for pitch and yaw 
control ; 5- lb .  
thrust engines 
for roll 

Propulsion module 
ignition--timed 
from Centaur 
separation 

propulsion module 
burnout in j ec ti on 
may occur as early 
as 57.5 min. after 
launch or as late 
as 66 min. after 
launch throughout 
the launch period. 

100-lb. engines 
turned off 

Commanded pitch 
turn of 114' at 
2.88O per second 

Shadow exit varies 
between T+1:03 :08  
and T+1:14:50 

Slew to point at 
calibration target 
(Az g degrees, 26 
min; El 1 0 9  degrees, 
26 min 
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Count Time 

T+01:37:19 

Relative Time 

I+O : 11 : 12 

I+O:ll:17 

I+O: 11: 18 

I+O:ll:21 

I+O : 21 : 00 

I+O: 21: 52 

I+O : 22 : G3 

1+0 : 2 3 : 28 

1+0 : 27 : 00 

I+O: 3 5 :  00  

Event 

Actuate propulsion 
module isolation 
valves 

Jettison propulsion 
module 

Attitude control 
status 

Select flight data 
subsystem mode 

Select telemetry 
modulation unit statu 

Plasma wave instru- 
men t 

Low energy charged 
particle instrument 
on 

Magnetometers on 

Release magnetometer 
boom 

Magnetometer boom 
deployed 

Comments 

Seals off hydrazine 
line between mis- 
sion and propul- 
sion modules 

All axes inertial; 
mission module 
engine control ; 
gyros remain at 
high rate 

40 bps engineerinq 
data on downlink 

S-band high rate 
data channel to 
allow general 
science to be on 
the downlink (7.2 
k.b.p.s.1 

Latest deploy time 
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Count  T i m e  

T+2:  07 :  00  

Relat ive Time 

1+0 : 3 5  : 0 0  

I + 1 : 0 5 :  0 0  

I+1: 10 : 00  

1 + 1 : 1 0 : 0 9  

I+1: 11: 2 0  

1+:1:12:15 

I+1: 2 2  : 15 

I + 1 : 2 7 : 1 5  

I+1: 2 9 :  40  

I+1:32:00 

1 + 2  : 3 0 : 5 4 

1 + 2  : 4 5 : 0 0 

Event 

Commanded tu rn  t o  
sun poin t  on r o l l  
a x i s ,  then yaw ax i s  

I n i t i a t e  sun acqui- 
s i t i o n  

Sun acquired 

S l e w  scan platform 
i n  e leva t ion  and 
azimuth 

S t a r t  LECP scan 

Planetary rad io  
astronomy instrument 
on 

Pm/PwS antenna 
deploy motor on 

Antennas deployed 

Photopolarimeter on 

Canopus s tar  t racker  
1 on 

S t a r  map commanded 
turn  

S t a r  map/commanded 
t u r n  complete 

Command tu rn  t o  
Canopus ( r o l l )  

Comments 

Roll i n e r t i a l  
mode 

S l e w  platform t o  
sweep instruments 
across  Earth dur- 
ing s ta r  map 

Normal scan: f a s t  
stepping 

One r o l l  revolution 
t o  v i c i n i t y  of 
Canopus 

S m a l l  t u rn  t o  
Canopus 

- more - 



-102-  

Count T i m e  

T+3: 5 7 :  1 9  

T+4:  06: 06  

T+2 4 hours 

T+36 h r s  

T+ 4 3 hrs  

T+48 h rs  

~ ~~ ~ 

Relative T i m e  

1+2 : 55: 00  

I+ 3 : 0 3 : 41 

Event 

Canopus acquis i t ion 
(Flyback and sweep) 

S-band radio trans- 
m i t t e r  t o  high power; 
tape recorder t o  
ready mode 

Tape recorder s t a t e  
change 

Plasma science on 

Ultraviolet  spectro- 
m e t e r  on 

Release dust  cover-- 
in f ra red  spectrometer 
and radiometer 

C o s m i c  ray science or 

Comments 

S ta r  acquis i t ion 
should take less 
than 1 min; then 
ce l e s t i a l  c ru ise  
automatic; gyros off 

Playback launch 
data  33 k.b.p.s. 
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TRACKING AND DATA ACQUISITION 

Tracking, commanding and obtaining data from the space- 
craft are part of the rnission assigned to the Jet Propulsion 
Laboratory (JPL), Pasadena, Calif. These tasks cover all phases 
of the flight, including telemetry from launch vehicle and 
spacecraft, rrietric data on both launch vehicle and Voyager, 
command signals to the spacecraft and delivery of data to the 
Mission Control and Computing Center (MCCC) at JPL.  

The Tracking and Data System (TDS) will provide elements 
of the world-wide NASA JPL Deep Space Network (DSN), Air Force 
Eastern Test Range (AFETR), the NASA Spaceflight Tracking and 
Data Network (STDN) and the NASA Communications System (NASCOM). 

During the launch phase of the mission, data acquisition 
will be accomplished through use of the near Earth facilities-- 
the AFETR stations, downrange elements of the STDN, instrumen- 
ted jet aircraft and a communications ship. Radar-metric data 
obtained immediately after liftoff and through the near Earth 
phase will be delivered to and computed at the AFETR Real time 
Computer system facility in Florida so that accurate predic- 
tions can be transmitted to Deep Space Network stations giving 
the locations of the spacecraft in the sky when they appear 
on the horizon. 

Tracking and communications with the Voyagers from 
injection into Jupiter transfer trajectory until the end 
of the mission will be carried out by the Deep Space Network 
(DSN) . 

The DSN consists of nine deep space communications sta- 
tions on three continents, a spacecraft monitoring station in 
Florida, the Network Operations Control Center in the MCCC at 
JPL and ground communications linking all locations. 

DSN stations are located strategically around the 
Earth--at Goldstone, Calif.; Madrid, Spain; and at Canberra, 
Australia. Each location is equipped with a 64-m diameter 
(210 ft.) antenna station and two 26-m (85 ft.) antenna 
stations. 

The three multi-station complexes are spaced at widely 
separated longitudes around the world so that spacecraft 
beyond Earth orbit--and, for the Voyager mission, the 
planets Jupiter and Saturn--are never out of view. The 
spacecraft monitoring equipment in the STDN station at 
Merritt Island, Fla., covers the prelaunch and launch 
phases of the mission. A simulated DSN station at JPL, 
called CTA-21, provides pre-launch compatibility support. 
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In addition to the giant antennas, each of the stations 
is equipped with transmitting, receiving, data handling and 
interstation communication equipment. The downlink includes 
suFercooled lownoise amplifiers. The 64-m antenna stations 
in Spain and Australia have 100-kw transmitters. At Goldstone, 
the uplink signal can be radiated at up to 400 kw. Trans- 
mitter power at all six 26-m stations is 20 kw. 

The downlink is transmitted from the spacecraft at S- 
band (2295 mHz) and X-band (8400 mHz) frequencies. The up- 
link operates at S-band (2113 mHz) only, carrying commands 
and ranging signals from ground stations to the spacecraft. 

Only the 64-m antenna stations can receive the X-band 
signal and can receive at both frequencies simultaneously. 
The 64-m stations will provide continuous coverage during 
planetary operations and periodically during the cruise 
phase for maneuvers, spacecraft recorder playbacks and dual- 
frequency navigation sequences. A 26-m antenna subnet will 
provide continuous coverage--shared by the two spacecraft-- 
throughout the mission. 

Various data rates for each type of telemetered infor- 
mation are required by the changing length of the telecommuni- 
cations link and the possible adverse weather effects at 
ground stations on reception of X-band radio signals. 

Nerve center of the DSN is the Network Operations Control 
Center at JPL which provides for control and monitoring of DSN 
performance. All incoming data is validated at this point, 
while being simultaneously transferred to the computing 
facilities of the Mission Control and Computing Center for 
real time use by engineers and science investigators. 

Ground communications facilities used by the DSN to 
link the global stations with the control center are part 
of a larger network, NASCOM, which connects all of NASA's 
stations around the world. Data from the spacecraft are 
transmitted over high speed circuits. Telemetry at rates 
up to and including 115.2 k.b.p.s. will be carried in real 
time on wideband lines from Goldstone and Madrid. The Can- 
berra stations will send encounter data in real time at 
rates up to and including 44.8 k.b.p.s. Higher downlink 
rates will be recorded at the station and played back to 
MCCC at 44.8 k.b.p.s. 

Simultaneously with the routing to the MCCC of the 
spacecraft telemetry, range and range rate information 
will be generated by the DSN and transmitted to the control 
center for spacecraft navigation. To achieve the desired 
maneuver and encounter accuracies, very precise navigation 
data is required. Navigation information includes S-X 
ranging, DRVID (differenced range versus integrated Doppler) 
and multi-station tracking cycles. 
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Commands are s e n t  f r o m  t h e  MCCC t o  one of t h e  DSN 
s t a t i o n s  where they  are loaded i n t o  a command p r o c e s s i n g  
computer, a u t o m a t i c a l l y  v e r i f i e d  f o r  accuracy  and t r a n s -  
m i t t e d  t o  t h e  p rope r  s p a c e c r a f t  a t  1 6  bpsec.  Commands 
may be a b o r t e d ,  i f  necessa ry .  Manual c o n t r o l  and e n t r y  of 
command d a t a  a t  t h e  s t a t i o n  i s  p o s s i b l e  i n  t h e  even t  of a 
f a i l u r e  i n  t h e  h igh  speed d a t a  l i n e  from t h e  c o n t r o l  c e n t e r .  

For a l l  of  NASA's unmanned mis s ions  i n  deep space ,  t h e  
DSN p rov ides  t h e  t r a c k i n g  in fo rma t ion  on cour se  and direc- 
t i o n  of  t h e  f l i g h t ,  v e l o c i t y  and range  from E a r t h .  I t  
r e c e i v e s  e n g i n e e r i n g  and s c i e n c e  t e l e m e t r y  and sends  
commands f o r  s p a c e c r a f t  o p e r a t i o n s  on a mul t i -miss ion  b a s i s .  

Concurrent  w i t h  t h e  four -year  o r  l o n g e r  Voyager mis s ion ,  
t h e  network i s  s u p p o r t i n g  t h e  extended miss ion  a c t i v i t i e s  
of t h e  Viking P r o j e c t  w i t h  two Landers on M a r s  and two 
O r b i t e r s  c i r c l i n g  t h e  p l a n e t ;  ma in ta in ing  p o s t - J u p i t e r  
communications w i t h  P i o n e e r s  1 0  and 11; and complementing 
W e s t  Germany's space  communications f a c i l i t i e s  on two 
Helios Sun o r b i t i n g  mis s ions .  The DSN a l s o  w i l l  suppor t  
a Venus e x p l o r a t i o n  miss ion  by t w o  P ionee r  Venus s p a c e c r a f t - -  
a p l a n e t a r y  o r b i t e r  and a tmospher ic  probe--scheduled f o r  
launch i n  May and August, 1 9 7 8 ,  and p l a n e t a r y  s c i e n c e  ac t i -  
v i t i e s  beginning  t h e  fo l lowing  December. 

A l l  of N A S A ' s  networks are under t h e  d i r e c t i o n  of 
t h e  O f f i c e  of  Tracking and Data A c q u i s i t i o n .  J P L  manages 
t h e  DSN. The STDN f a c i l i t i e s  and NASCOM a r e  managed by 
t h e  NASA Goddard Space F l i g h t  Cen te r ,  Greenbe l t ,  M d .  

The Goldstone DSN s t a t i o n s  are ope ra t ed  and main ta ined  
by J P L  w i t h  t h e  a s s i s t a n c e  of t h e  Ford Aerospace and 
Communications Corp. The Canberra  s t a t i o n s  are o p e r a t e d  
by t h e  A u s t r a l i a n  Department of Supply. The s t a t i o n s  nea r  
Madrid are o p e r a t e d  by t h e  Spanish  government 's  I n s t i t u t o  
Nacional  de  Tecnica Aerospac ia l .  
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MISSION CONTROL AND COMPUTING CENTER 

The Mission Control and Computing Center (MCCC) at 
the Jet Propulsion Laboratory is the focus of all Voyager 
Project flight operations. It is through the center's com- 
puter systems that data from the Voyagers pass, are pro- 
cessed and presented to the engineers and scientists for 
analysis. Through the extensive and varied displays of the 
computers in the MCCC, the flight analysts observe and 
control the many ground processing functions and the space- 
craft. 

The MCCC is housed in two JPL buildings containing its 
computer systems, communications and display equipment, 
photo processing lab and mission support areas. The various 
areas are outfitted to satisfy the diverse needs of the 
Voyager mission operations team--requirements of the mission 
controllers, spacecraft performance analysts and science 
investigators. 

The MCCC contains several computer systems designed to 
receive the incoming Voyager data, process it in real time, 
display it and organize it for further processing and analysis. 
After the data have been received as radio signals by the 
Deep Space Network (DSN) stations located around the world, 
they are transmitted to Pasadena and into the MCCC computers, 
where the processing begins. Software developed by the MCCC, 
operating in these computers, performs the receiving, dis- 
playing and organizing functions. Computer programs genera- 
ted by other elements of the Voyager Project further process 
the data. 

Commands causing the spacecraft to maneuver, gather 
science data and perform other complex mission activities are 
introduced into the MCCC computers and communicated to a sta- 
tion of the DSN for transmission to the appropriate space- 
craft . 

The MCCC is composed of three major elements, each 
with its own computer system. They are the Mission Control 
and Computing Facility (MCCF), the General Purpose Computing 
Facility (GPCF) and the Mission Test and Computing Facility 
(MTCF) . 

The MCCF consists of three IBM 360-75 processors and 
supports the Voyager command, data records and tracking sys- 
tems. The 360-75s  provide the means through which commands 
are sent to the spacecraft. They also are used to process 
and display tracking and data and provide the data manage- 
ment capability to produce plots and printouts for the day to 
day determination of spacecraft operating conditions. The 
360-75s  also produce the final records of data for detailed 
analysis by the science community. 
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The GPCF, with three UNIVAC 1108 computers, Supports 
the Voyager Project's navigation and mission sequence 
systems. The 1108s also are used to develop prediction 
programs and detailed spacecraft engineering performance 
analysis. 
port area allow project analysts to execute their programs 
and obtain results displayed on TV monitors, or on various 
printers and plotters. 

Computer terminals located in the mission sup- 

The MTCF provides telemetry data processing for the 
science and engineering information transmitted from the 
Voyagers. Within the MTCF are the telemetry system, imaging 
system and photo system. The telemetry system uses three 
strings of UNIVAC and Modcomp computers to receive, record, 
process and display the data as reqcested by analysts in 
the mission support areas. 
produce the photographic products from data generated by 
Voyager's TV cameras. Pictures of Jupiter, Saturn and their 
moons will be analyzed by scientists housed in the mission sup- 
port areas. Scientists will be provided both electronic and 
photographic displays. 

The imaging and photo systems 

MCCC, like the DSN, also supports the other flight 
missions, Viking, Pioneers 10 and 11, Helios and the upcoming 
Pioneer/Venus mission in 1978. 
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VOYAGER TEAM 

NASA Headquarters 

Office of Space Science 

Dr. Noel W. Hinners Associate Administrator 
for Space Science 

Dr. Anthony J. Calio Deputy Associate Administrator 

Dr. S. Ichtiaque Rasool 

A. Thomas Young 

Deputy Associate Administrator 
- Science 

Director, Lunar and 
Planetary Programs 

Rodney A. Mills Program Manager 

Arthur Reetz, Jr. Deputy Program Manager 

Dr. Milton A, Mitz Program Scientist 

Earl W. Glahn Flight Support Manager 

Office of Tracking and Data Acquisition 

Gerald M. Truszynski 

Charles A. Taylor 

Arnold C. Belcher 

Frederick B. Bryant 

Associate Administrator 
for Tracking and Data 
Acquisition 

Director, Network Operations 
and Communication Programs 

Program Manager for DSN 
Operations 

Director, Network System 
Development Programs 

Maurice E. Binkley Director, DSN Systems 
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O f f i c e  of Space F l i g h t  

John F. Yardley 

Joseph B. Mahon 

Joseph E. McGolrick 

B. C. Lam 

NASA Jet  P r o p u l s i o n  Laboratory 

D r .  Bruce C. Murray 

G e n .  Cha r l e s  H. Terhune, Jr. 

Robert  J. Parks  

John R. Casani 

Raymond L. Heacock 

Char l e s  E. Kohlhase 

James E. Long 

Richard P. Laeser 

Esker  K. Davis 

James F. S c o t t  

Ronald F. Draper 

W i l l i a m  S. S h i p l e y  

W i l l i a m  G. F a w c e t t  

Michael Devi r ian  

Associate Admin i s t r a to r  
for Space F l i g h t  

Di rec tor ,  Expendable Launch 
Veh ic l e s  

Di rec tor ,  S m a l l  and Medium 
Launch Veh ic l e s  

T i t a n  I11 Manager 

Director  

Deputy D i r e c t o r  

A s s i s t a n t  Di rec tor  f o r  
F l i g h t  P ro jec t s  

P r o j e c t  Manager 

S p a c e c r a f t  System Manager 

Mission A n a l y s i s  and 
Engineer ing  Manager 

Sc ience  Manager 

Miss ion  Opera t ions  System 
Manager 

Tracking and Data System 
Manager 

Mission Cont ro l  and Computing 
Center  Manager 

S p a c e c r a f t  System Engineer 

S p a c e c r a f t  Development Manager 

Sc ience  I n s t r u m e n t s  Manager 

Chief of Mission Opera t ions  
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C a l i f o r n i a  I n s t i t u t e  of Technology 

D r .  Edward C. Stone Project  S c i e n t i s t  

L e w i s  Research C e n t e r  

D r .  Bruce T. Lundin 

Andrew J. S t o f a n  

H. 0. Slone 

C a r l  B. Wentworth 

Gary D. Sagerman 

Richard P. Geye 

Richard A. F lage  

Richard E. Orzechowski 

La r ry  J. R o s s  

James E. P a t t e r s o n  

Frank L. Manning 

Kennedy Space Center  

L e e  R. Sche re r  

Walter J. Kapryan 

George F. Page 

John D. Gosse t t  

Director  

D i r e c t o r ,  Launch Veh ic l e s  

Launch Veh ic l e  Systems 
Manager 

Ch ie f ,  Program I n t e g r a t i o n  
D i v i s i o n  

Voyager Mission Analys t  

Voyager Mission Project 
Engineer  

Launch Vehic le  T e s t  
I n t e g r a t i o n  Engineer  

TDS Support  Engineer  

Ch ie f ,  Veh ic l e s  Engineer ing  
Div is ion  

Assoc ia t e  C h i e f ,  Engineer ing  
Divis ion 

TC-6 and TC-7 V e h i c l e  Engineer  

Director 

Director o f  Space Veh ic l e  
Opera t ions  

Director Expendable Veh ic l e s  

Ch ie f ,  Cen tau r  Opera t ions  
Divis ion 
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Kennedy Space Center  ( c o n t ' d . )  

Cre ighton  A. Terhune Chief Engineer ,  Opera t ions  
Div is ion  

Jack  E.  Ba l ta r  Cen tau r  Opera t ions  Branch 

Donald C. Sheppard Ch ie f ,  S p a c e c r a f t  and 
Support  Opera t ions  Div is ion  

James E. W e i r  S p a c e c r a f t  Opera t ions  Branch 

Floyd A. Curington Voyager Project  Engineer 

Energy Research and Development Admin i s t r a t ion  

Douglas C. Bauer 

Bernard J. Rock 

D i r e c t o r ,  Nuclear  Research 
and A p p l i c a t i o n s  

A s s i s t a n t  D i r e c t o r  f o r  
Space A p p l i c a t i o n s  

J a m e s  J. Lombard0 Ch ie f ,  Power  Systems Branch 

Thaddeus G. Dobry Ch ie f ,  F l i g h t  S a f e t y  Branch 

N o r m a n  Th ie lke  Ch ie f ,  H e a t  Source Branch 

A l f r e d  L. Mowery C h i e f ,  Techn ica l  Support  
Branch 

VOYAGER SUBCONTRACTORS 

Fol lowing i s  a l i s t  o f  some key s u b c o n t r a c t o r s  who 
provided  i n s t r u m e n t s ,  hardware and services f o r  t h e  Voyager 
p r o j e c t  : 

Algorex Data Corp. 
S y o s s e t ,  N.Y. 

Boeing Co. 
Sea t t l e ,  Wash. 

F a i r c h i l d  Space & 
Elec t ron ic s  Co .  

Germantown, Md. 

Automated Design Support  
f o r  F l i g h t  D a t a  Subsystem 

Rad ia t ion  C h a r a c t e r i z a t i o n  
o f  Par ts  and M a t e r i a l s  

Temperature Cont ro l  Louvers 
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Ford Aerospace & 

Palo Alto, Calif. 
Communications Corp. 

Frequency Electronics, Inc. 
New Hyde Park, N.Y. 

General Electric Co. 
Space Division 
Philadelphia, Pa. 

General Electric Co. 
Utica, N.Y. 

General E l e c t r i c  Co .  
Space Systems Organization 
Valley Forge, Pa. 

Hi-Shear Corp. 
Ordnance Division 
Torrance, Calif. 

Honeywell, Inc. 
Lexington, Mass. 

Hughes Aircraft Co. 
Aerospace Group 
Culver City, Calif. 

Lockheed Electronics Co. 
Industrial Technology Division 
Plainfield, N . J .  

Martin Marietta Aerospace 
Denver, Colo. 

Motorola, Inc. 
Government Electronics Div. 
Scottsdale, Ariz. 

Rocket Research Corp. 
Redmond, Wash. 

SCI Systems, Inc. 
Huntsville, Ala. 

S/X-Band Antenna Subsystem; 
Solid-state Amplifiers 

Ultra Stable Oscillators 

Radioisotope Thermoelectric 
Generators 

Computer Command Subsystem: 
Flight Control Processors 

A t t i t u d e  C o n t r o l  and 
Articulation Subsystem 

Pyrotechnic Squibs 

Canopus Star Trackers 

Radiation Characterization 
of Parts and Materials 

Data Storage Tape Transport 

Attitude Control Electronics; 
Propulsion Subsystem 

Modulation-Demodulation Sub- 
system; Radio Frequency Sub- 
system 

Rocket Engine and Thruster 
Valve Assemblies 

Computer Command Subsystem 
Memories 
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Teledyne Microelectronics 
Los Angeles, Calif. 

Hybrid Memories for Flight 
Data Subsystem 

Texas Instruments 
Dallas, Tex. 

Data Storage Electronics 

The Singer Co. 
Little Falls, N.J. 

Dry Inertial Reference Units 
(Gyroscopes) 

Thiokol Chemical Corp. 
Elkton Division 
Elkton, Md. 

Solid Rocket Motor 

Watkins-Johnson Co. 
Palo Alto, Calif. 

S/X-Band Traveling Wave 
Tube Amplifiers 

Xerox Corp. 
Electro-Optical Systems 
Pasadena, Calif. 

Power Subsystem 

Yardney Electronics Corp. 
Denver, Colo. 

Flight and Test Battery 
Assemblies 

Science Instruments 

Massachusetts Institute 
of Technology 
Cambridge, Mass. 

Plasma Subsystem 

University of Colorado 
Boulder, C o l o .  

Photopolarimeter Subsystem 

University of Iowa 
Iowa City, Iowa 

Plasma Wave Subsystem 

Xerox Corp. 
Electro-Optical Systems 
Pasadena, Calif. 

Imaging Science (TV) 
Electronics 

Kitt Peak National Observatory 
Tucson, Ariz. 

Ultraviolet Spectrometer 

Johns Hopkins University 
Applied Physics Laboratory 
Baltimore, Md. 

LowEnergy Charged Particles 
Subsys tem 
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Goddard Space F l i g h t  C e n t e r  
Greenbel t ,  M d .  

Texas I n s t r u m e n t s  
Dal las ,  Tex. 

Mar t in  Marietta Aerospace 
D e n v e r ,  C o l o .  

A s t r o  Research Corp. 
San ta  Barbara, C a l i f .  

TRW Defense  and Space S y s t e m s  
R e d o n d o  B e a c h ,  C a l i f .  

Matrix C O r p .  
A c t o n ,  Mass. 

G e n e r a l  E l e c t r o d y n a m i c s  Corp. 
D a l l a s ,  T e x .  

M a g n e t o m e t e r s ;  C o s m i c - R a y  
Subsys t e m  

Modified In f r a red  I n t e r -  
f e r o m e t e r ,  S p e c t r o m e t e r  
and R a d i o m e t e r  

P l a n e t a r y  Radio A s t r o n o m y  
Subs y s tern 

M a g n e t o m e t e r  Boom;  P l ane ta ry  
Radio A s t r o n o m y  Antennas 

U l t r a v i o l e t  S p e c t r o m e t e r  
E l e c t r o n i c s  

P l a s m a  S u b s y s t e m  E lec t ron ic s  

TV Vidicons 
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CONVERSION TABLE 

Mul t ip ly  

Inches  

Cent imeters  

Feet 

Cent imeters  

Feet 

Meters 

Yards 

Meters 

S t a t u t e  M i l e s  

K i  l o m e  t e  r s 

Feet P e r  Second 

Meters/Second 

Meters/Second 

Feet/Second 

Miles/Hour 

Kilome ters /Hour 

Pounds 

Kilograms 

Ex 
2.54 

0 .3937 

30.48 

4.7244 

0.3048 

3.2808 

0 .9144 

1 .0936 

1 .6093 

0 .6214 

0 .3048 

3 . 2 8 1  

2.237 

0 .6818 

1 . 6 0 9 3  

0.6214 

0 .4563 

2 .2046 

To G e t  

Cent imeters  

Inches  

Cent imeters  

Feet 

Meters 

Feet 

Meters 

Yards 

K i l o m e t e r s  

M i l e s  

Meters P e r  Second 

Feet/Second 

S t a t u t e  Miles/Hour 

Miles/Hour 

Kilometers/Hour 

Miles/Hour 

Kilograms 

Pounds 

T o  c o n v e r t  F a h r e n h e i t  t o  C e l s i u s  ( C e n t i g r a d e ) ,  s u b t r a c t  32 
and m u l t i p l y  by 5 / 9 .  

T o  c o n v e r t  C e l s i u s  t o  Fahrenhe i t ,  m u l t i p l y  by 9 / 5  and add 32. 

T o  c o n v e r t  C e l s i u s  t o  Kelv in ,  add 273.  

T o  c o n v e r t  Kelvin t o  C e l s i u s ,  s u b t r a c t  273.  
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