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Abstract  

I n  Sep tember  1985 t h e  o r b i t a l  t o u r  f o r  t h e  
Gal i l eo  Pro jec t  was s e l e c t e d  f o r  a  May 1986 launch 
t o  J u p i t e r .  A f t e r  years  of t o u r  design e f f o r t  and 
approximately 50 proposed o r b i t  a 1  t o u r s ,  a  s i n g l e  
t o u r  emerged which s a t i s f i e s  a l l  minimum sc ience  
o b j e c t i v e s  i n  t h r e e  g e n e r a l  c a t e g o r i e s :  
M a g n e t o s p h e r i c  S c i e n c e ,  Atmospheric  Science and 
S a t e l l i t e  Sc ience .  T h i s  p a p e r  i n t r o d u c e s  t h e  
t r a j e c t o r y  c h a r a c t e r i s t  i c e  of  t h e  s e l e c t e d  t o u r  
a n d  d i s c u s s e s  s o m e  o f  t h e  f i n a l  d e s i g n  
cons idera t  ions .  

Because of t h e  t r a g i c  S h u t t l e  a c c i d e n t  on 
January 28, 1986, t h e  Gal i l eo  O r b i t a l  Tour f o r  t h e  
1986 l a u n c h  o p p o r t u n i t y  c a n n o t  b e  r e a l i z e d .  The 
purpose of t h i s  paper now becomes t o  document what 
h a s  been a c h i e v e d  and t o  p r o v i d e  a  benchmark f o r  
f u t u r e  t o u r  designs.  

In t roduc t ion  

T h e  G a l i l e o  s p a c e c r a f t  c o n s i s t s  o f  a n  
a t m o s p h e r i c  p r o b e  and a  J u p i t e r  o r b i t e r .  Upon 
a r r i v a l  a t  J u p i t e r  t h e  p r o b e  e n t e r s  t h e  J o v i a n  
atmosphere, while  t h e  o r b i t e r  is i n s e r t e d  i n t o  a  
J o v i c e n t r i c  o r b i t .  T h e  p r o b e  m i s s i o n  l a s t s  
s l i g h t l y  o v e r  a n  h o u r ,  w h i l e  it s a m p l e s  t h e  
a t m o s p h e r e  and t r a n s m i t s  d a t a  up t o  t h e  o r b i t e r .  
The o r b i t e r  m i s s i o n  l a s t s  f o r  22 months,  d u r i n g  
which  t i m e  it p e r f o r m s  1 0  o r b i t s  of  J u p i t e r .  On 
e a c h  o r b i t  t h e  s p a c e c r a f t  f l i e s  by one of  t h e  
G a l i l e a n  s a t e l l i t e s  a t  low a l t i t u d e  i n  o r d e r  t o  
modify t h e  J o v i c e n t r i c  o r b i t  s o  t h a t  a n o t h e r  
Gal i l ean  s a t e l l i t e  can be encountered and i n  o rder  
t o  conduct s c i e n t i f i c  observat ions.  The sequence 
of t e n  o r b i t s  i s  c a l l e d  t h e  o r b i t a l  t o u r .  Very 
l i t t l e  p r o p e l l a n t  i s  u s e d ,  s i n c e  it i s  by d e s i g n  
near ly  a  f r e e  f a l l  t r a j e c t o r y .  

The main p u r p o s e  of  t h e  o r b i t a l  m i s s i o n  i s  
t o  s t u d y  t h e  J o v i a n  a t m o s p h e r e ,  t h e  J o v i a n  
m a g n e t o s p h e r e  and t h e  G a l i l e a n  s a t e l l i t e s .  The 
purpose of t h i s  paper is  t o  present  t h e  t r a j e c t o r y  
c h a r a c t e r i s t i c s  of  t h e  s e l e c t e d  o r b i t a l  t o u r  f o r  
t h e  May 1986 launch opportuni ty and t o  d i scuss  t h e  
i n t e r p l a y  b e t w e e n  t o u r  d e s i g n  a n d  s c i e n c e  
requirements . 

O r b i t a l  Tour Desinn Concevts 

Most of  t h e  t o u r  d e s i g n  c o n c e p t s  used  i 
genera t ing  t h e  f i n a l  t o u r  a r e  described i n  Diehl  f 
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a n d  w o l f 2 .  Some f u n d a m e n t a l  c o n c e p t s  a  e  

8 
5 d i s c u s  e d  by  Nock , N i e h o f f  , M i n o v i t c h  , 

Beckman , uphoff7 and ~ i e h l ' .  The main r e s u l t  is 
t h a t  f r e e  f a l l  t r a j e c t o r i e s  can be designed about 
a  p l a n e t  ( o r  t h e  s u n )  i n  which s a t e l l i t e s  ( o r  
p l a n e t s )  a r e  used  f o r  g r a v i t a t i o n a l  a s s i s t s .  
F lybys  c a n  change o r b i t a l  energy o r  i n c l i n a t i o n ,  
o r  bo th .  The G a l i l e o  o r b i t a l  t o u r  i s  n e a r l y  a  
f r e e  f a l l  t r a j e c t o r y  through t h e  Gal i l ean  system 
which  u s e s  t h e  g r a v i t a t i o n a l  a s s i s t  of  Europa ,  
Ganymede and C a l l i s t o  t o  shape  t h e  t r a j e c t o r y  
a b o u t  J u p i t e r  s o  t h a t  s c i e n c e  o b j e c t i v e s  c a n  be  
met .  U n f o r t u n a t e l y ,  10 i s  embedded s o  d e e p l y  i n  
J u p i t e r ' s  r a d i a t i o n  f i e l d  t h a t ,  g i v e n  t h e  o t h e r  
s c i e n t i f i c  o b j e c t i v e s ,  o n l y  one 10 f l y b y  i s  
p o s s i b l e  without exceeding t h e  o r b i t e r ' s  maximum 
a l l o w e d  r a d i a t i o n  dose  b e f o r e  t e n  o r b i t s  a r e  
completed. The s i n g l e  10 f lyby  t a k e s  p lace  on t h e  
i n s e r t i o n  o r b i t ,  and i s  d e s i g n e d  t o  s l o w  t h e  
s p a c e c r a f t  s o  t h a t  l e s s  p r o p e l l a n t  i s  needed  t o  
i n s e r t  t h e  spacecra f t  i n t o  an e l l i p t i c  o r b i t  about 
J u p i t e r ,  i n  a d d i t i o n  t o  a l l o w i n g  s c i e n t i f i c  
observat  ions.  

O r b i t  o r i e n t  a t  i o n  ( t h e  a n g l e  m e a s u r e d  
clockwise a t  J u p i t e r  from t h e  sun d i r e c t  ion t o  t h e  
apojove) i s  a  very important science cons idera t ion  
f o r  r e a s o n s  t o  b e  d i s c u s s e d .  A r r i v a l  c o n d i t i o n s  
a t  J u p i t e r  f i x  t h e  i n i t i a l  o r i e n t  a t  i o n  a t  a b o u t  
120 deg. Due t o  t h e  m o t i o n  of  J u p i t e r  a round  t h e  
s u n ,  t h e  o r b i t  d r i f t s  c l o c k w i s e  w i t h  t i m e  ( a t  a  
r a t e  o f  a b o u t  2.5 deglmonth) .  B e s i d e s  c h a n g i n g  
t h e  e n e r g y  and i n c l i n a t i o n  of  t h e  s p a c e c r a f t ' s  
o r b i t ,  t a r g e t e d  f l y b y s  a r e  a l s o  u s e d  t o  c o n t r o l  
o r b i t  o r i e n t  a t  ion,  adding t o  o r  counteract ing t h e  
clockwise d r i f t  ("rotating" o r  "count e r - r o t  a t  ing"  
t h e  o r b i t  1. 

Science Object ives 

T h e  t o u r  i s  d e s i g n e d  t o  s a t i s f y  many 
d i f f e r e n t  s c i e n c e  r e q u i r e m e n t s ,  some of  w h i c h  
c o n f l i c t  w i t h  e a c h  o t h e r .  Tour  d e s i g n  i n v o l v e s  
c o n s t a n t l y  s t r i v i n g  t o  m a i n t a i n  a  b a l a n c e  i n  
s c i e n c e  r e t u r n ,  w i t h o u t  s h o r t  c h a n g i n g  a n y  
i n d i v i d u a l  r e q u i r e m e n t  i n  t h e  i n t e r e s t  o f  t h e  
o t h e r s .  A c o m p l e t e ,  d e t a i l e d  l i s t  o f  t h e  t o u r  
s c i e n c e  r e q u i r e m e n t s  may b e  found i n  ~ i e h l ' .  A 
s h o r t  d i s c u s s i o n  o f  how some o f  t h e  m a j o r  
requirements  inf  h e n c e  t o u r  design follows. 

Mannetosvheric Science 

The  most  i m p o r t a n t  m a g n e t o s p h e r i c  s c i e n c e  
o b j e c t i v e s  a r e  t o  p a s s  t h r o u g h  t h e  J o v i a n  
m a g n e t o t a i l  a t  a  d i s t a n c e  of  a t  l e a s t  150  R  
( J u p i t e r  r a d i i ) ,  and t o  pass  through t h e  wake and 
f l u x  tube  regions surrounding each s a t  e l l i t  e. The 



magnetotai l  l i e s  i n  t he  d i r ec t i on  opposi te  t he  sun 
from J u p i t e r .  'The a r r i v a l  geomet ry  and o r b i t  
o r i en t a t i on  p r o f i l e  discussed previously make it 
a p p r o p r i a t e  t o  u s e  t h e  f i n a l  o r b i t ,  o f t e n  c a l l e d  
t he  " t a i l  pe ta l"  o r b i t ,  t o  achieve t he  magnetotai l  
passage .  The l a s t  s a t e l l i t e  f lyby must increase  
p e r i o d  t o  a p p r o x i m a t e l y  90 o r  more days i n  o r d e r  
t o  a c h i e v e  a  d i s t a n c e  of 150 RJ a t  t h e  t a i l  p e t a l  
apoapsis. "Wakes" streaming out i n  f r on t  of each 
s a t e l l i t e  a r e  c r e a t e d  a s  charged  p a r t i c l e s ,  
trapped i n  Jupiter 's magne t i c  f i e l d  and r o t a t i n g  
a t  J u p i t e r ' s  r o t a t i o n  r a t e  ( f a s t e r  t h a n  t h e  
s a t e l l i t e s ) ,  sweep by t h e  s a t e l l i t e s .  "Flux tube" 
r e g i o n s  connec t  t h e  s a t e l l i t e s ,  r o t a t i n g  through 
J u p i t e r ' s  m a g n e t i c  f i e l d ,  w i t h  t h e  J o v i a n  
ionosphere along magnetic f i e l d  l ines .  Wake passes 
a r e  a ch i eved  w i t h  f l y b y s  n e a r  t h e  s a t e l l i t e ' s  
equator and i n  f r on t  of t he  s a t e l l i t e  (decreasing 
o r b i t a l  period)  and f l u x  tube passes a r e  achieved 
with near-polar flybys. 

S a t e l l i t e  Imaging 

The SSI ( S o l i d  S t a t e  Imaging) camera i s  
capable of obtaining images with r e so lu t i on  in  t he  
range  of t e n s  of m e t e r s  n e a r  c l o s e s t  approach  
d u r i n g  c l o s e  s a t e l l i t e  f l y b y s .  The g o a l  o f  
maximizing the  number of images a t  reso lu t ions  of 
80m o r  b e t t e r  f o r  e ach  s a t e l l i t e  i s  g i v e n  t h e  
h i g h e s t  p r i o r i t y .  R e s o l u t i o n s  t h i s  h i g h  a r e  
o b t a i n a b l e  o n l y  a t  a l t i t u d e s  of 4000 km o r  l e s s .  
The next highest  p r i o r i t y  i s  placed on images wi th  
r e s o l u t i o n s  b e t t e r  t h a n  250m w i t h  l ow  s u n  
conditions. Low sun condit ions a r e  defined by two 
angles. F i r s t ,  t h e  sun-viewed surface-zenith angle 
( o r  i n c i d e n c e  a n g l e )  must be g r e a t e r  t h a n  45 
deg ree s  i n  o r d e r  t o  c r e a t e  shadows. Second, t h e  
sun-viewed s u r f a c e - s p a c e c r a f t  a n g l e  ( o r  phase  
a n g l e )  must be g r e a t e r  t h a n  30 deg ree s  t o  a l l o w  
shadows  t o  b e  s e e n .  F o r  low s u n  i m a g e s  a t  
r e s o l u t i o n s  o f  b e t t e r  t h a n  250 m e t e r s ,  t h e  
s p a c e c r a f t  must p a s s  w i t h i n  12500 km of t h e  
surf  ace. 

The t h i r d  p r i o r i t y  g o a l  i s  t o  o b t a i n  g l o b a l  
coverage under both high and low sun condit ions a t  
r e s o l u t i o n s  of 1-2 km. High-sun coverage  a t  
reso lu t ions  of 1-2 km i s  bes t  f o r  t he  NIMS (Near- 
I n f r a r e d  Mapping Spectrometer)  instrument ,  which 
measures the  spectrum of sunl igh t  r e f l e c t ed  from 
t h e  s u r f a c e  i n  o r d e r  t o  d e t e r m i n e  s a t e l l i t e  
compos i t ion .  These r e s o l u t i o n s  a r e  o b t a i n e d  a t  
d i s t a n c e s  of  50 ,000  km - 100 ,000  km. T h e s e  
d i s t a n c e s  a r e  a t t a i n e d  on  a p p r o a c h  t o  a n d  
d e p a r t u r e  from t a r g e t e d  f l ybys .  I n  a d d i t i o n ,  
f lybys wi th  c lo se s t  approach d is tances  i n  the  t en s  
of thousands of km may be  a r r anged  i n  o r d e  
s i g n i f i c a n t l y  e n h a n c e  g l o b a l  c o v e r a g e .  4, f 8  
D i s t a n t  f l y b y s  of t h i s  t ype  a r e  "nontargeted",  
t h a t  i s ,  t h e i r  f l y b y  a i m p o i n t s  ( a l t i t u d e ,  
l a t i t ude ,  longitude of c l o se s t  approach) need not  
be t i g h t l y  c o n t r o l l e d  s i n c e  t h e i r  e f f e c t  on t h e  
spacec r a f t ' s  o r b i t  i s  s m a l l .  I t  i s  p e r m i s s i b l e  
from a  n a v i g a t i o n  s t a n d p o i n t  t o  a r r a n g e  one 
targeted and one nontargeted f lyby per  orb i t .  The 
number of n o n t a r g e t e d  f l y b y s  i n  t h e  t o u r  i s  
m a x i m i z e d  by c a r e f u l l y  c o n t r o l l i n g  o r b i t  
o r i e n t a t i o n  and p e r i a p s i s  d i s t a n c e  i n  o r d e r  t o  - take advantage of nontargeted f lyby oppor tun i t ies ,  
which may be p r ed i c t ed2 .  Nontarge ted  f l y b y s  
o c c u r r i n g  on o r b i t s  o r i e n t e d  n e a r  t h e  t a i l  y i e l d  
the bes t  g loba l  coverage, s ince  it i s  poss ib le  t o  
view f nearly f u l l  moon from the  c lo se s t  approach 
point  . 

Observations of Jupi te r ' s  Atmosphere 

Obse rva t i ons  of c loud  f e a t u r e s  and o t h e r  
dynamics i n  t he  Jovian atmosphere can only be made 
of s u n l i t  por t ions  of J u p i t e r  and a r e  bes t  done a t  
g r e a t  d i s t a n c e s  i n  o r d e r  t o  view t h e  p l a n e t  w i t h  
t h e  nar row a n g l e  camera. U n f o r t u n a t e l y ,  t h e  
s p a c e c r a f t  s p e n d s  a  g r e a t  d e a l  of t i m e  on 
J u p i t e r ' s  d a r k  s i d e .  F i g u r e  1 shows t h a t  t h e  
spacecraf t  spends l e s s  t ime over s u n l i t  por t ions  
of J u p i t e r  a s  t he  o r b i t  i s  ro ta ted  toward the t a i l  
o r ien ta t ion .  I n  order  t o  maximize t he  amount of 
time ava i l ab l e  t o  observe lit por t ions  of J u p i t e r ,  
t h e  o r i en t a t i on  of the  spacecraft 's o r b i t  must be 
kept c lose  t o  t he  i n i t i a l  o r i en t a t i on  f o r  a s  long 
a s  p o s s i b l e ,  w i t h i n  t h e  l i m i t s  imposed by t h e  
requirement t o  achieve the  t a i l  p e t a l  o r b i t  a t  t he  
end of t h e  tour .  Consequent ly ,  t a r g e t e d  f l y b y s  
n e a r  t h e  beg inn ing  of t h e  t o u r  a r e  de s igned  t o  
c o u n t e r a c t  t h e  c l o c k w i s e  d r i f t  i n  o r b i t  
o r i e n t a t i o n  d i s c u s s e d  above. Th i s  means t h a t  
n o n t a r g e t e d  f l y b y s  on t h e  e a r l y  o r b i t s  occu r  a t  
l e s s  f a v o r a b l e  o r i e n t a t i o n s  f o r  s a t e l l i t e  
coverage. 

Other atmospheric phenomena of i n t e r e s t ,  such 
a s  l igh tn ing ,  a r e  bes t  examined a s  the  spacecraf t  
passes i n t o  Jupi te r ' s  shadow. 

Radio Science 

Radio s c i e n c e  expe r imen t s  support a l l  th ree  
major science a r ea s  (magnetosphere s  , a tmosphe re s  
and s a t e l l i t e s ) .  

When t he  spacecraf t  passes behind J u p i t e r  a s  
v i e w e d  f r o m  E a r t h ,  r a d i o  s i g n a l s  f r o m  t h e  
s p a c e c r a f t  a r e  no t  c u t  o f f .  I n s t e a d ,  t hey  a r e  
r e f r ac t ed  by the  t h i ck  Jovian atmosphere on t h e i r  
way t o  Ear th .  P o l a r i z e d  r a d i o  s i g n a l s  a r e  a l s o  
i n f l u e n c e d  by t h e  magne t i c  f i e l d  of J u p i t e r ,  
th rough a  phenomenon c a l l e d  t h e  Faraday  e f f e c t .  
B e c a u s e  a  g r e a t  d e a l  o f  i n f o r m a t i o n  o n  t h e  
a tmosphe re  and magne t i c  f i e l d  may be g leaned  by 
a n a l y s i s  of t h e  r e f r a c t e d  p o l a r i z e d  s i g n a l s ,  
p a s s e s  behind  J u p i t e r  ( c a l l e d  o c c u l t a t i o n s )  a r e  
d e s i r e d  i n  t h e  t o u r .  I n  o r d e r  t o  a c h i e v e  
o c c u l t a t i o n s ,  t h e  spacec r a f t ' s  o r b i t a l  p l ane ,  
u s u a l l y  l o c a t e d  n e a r  J u p i t e r ' s  e q u a t o r  and t h e  
o r b i t s  of the  s a t e l l i t e s ,  must be t i l t e d  away from 
t h e  equa to r .  Th i s  may be done by u s i n g  360 de 
t r a n s f e r  o r b i t s  b e t w e e n  t a r g e t e d  f l y b y s q :  
Occultat ions of the  spacecraf t ,  a s  viewed from the  
Sun (shadow pas sages ) ,  a r e  o f t e n  ach i eved  i n  
conjunction w i th  occul ta t ions  of the spacecraf t  a s  
viewed from Earth. 

O c c u l t a t i o n s  of  t h e  s p a c e c r a f t  by t h e  
Gali lean s a t e l l i t e s  a r e  a l s o  desired i n  the  tour ,  
i n  pa r t i cu l a r  by 10, where the  rad io  s i gna l  may be 
d i s t o r t e d  due t o  outgassing from volcanic plumes. 
S i n c e  r a d i a t i o n  c o n s i d e r a t i o n s  p r o h i b i t  t h e  
spacecraf t  from approaching 10 more than once, and 
no o c c u l t a t i o n  o c c u r s  d u r i n g  t h a t  f l y b y  (on t h e  
i n s e r t i o n  o r b i t ) ,  any  o c c u l t a t i o n  of  t h e  
s p a c e c r a f t  by 10 must occur  a t  a  d i s t a n c e .  The 
t ou r s  discussed i n  ~ i e h l l  and wolf2 contained no 
s u c h  d i s t a n t  s a t e l l i t e  o c c u l t a t i o n s .  New 
deve lopments  i n  t e c h n i q u e s  of a c h i e v i n g  t h e s e  
o c c u l t a t i o n s  r e s u l t e d  i n  t h e  i n c l u s i o n  of seven  
d i s t a n t  s a t e l l i t e  occul ta t ions  i n  t h i s  t ou r  ( f i ve  
by 10 and one each  by Europa and C a l l i s t o ) .  A 
shor t  d i scuss ion  of methods of achieving them i s  
included here .  



Arranging  a  d i s t a n t  s a t e l l i t e  o c c u l t a t i o n  
involves ad ju s t i ng  o r b i t a l  i nc l i na t i on  by using a  
360 deg. t r a n s f e r  o r b i t ,  a s  d e s c r i b e d  above f o r  
p a s s e s  behind  J u p i t e r .  The i n c l i n a t i o n  must  be 
much more t i g h t l y  c o n t r o l l e d  t o  be a s s u r e d  of 
passing behind a  small  s a t e l l i t e  than i s  necessary 
t o  a s s u r e  pa s sage  behind  t h e  r e l a t i v e l y  l a r g e  
f i gu re  of Jupi te r .  

The mo t ion  of t h e  s a t e l l i t e s  abou t  J u p i t e r  
a l s o  complicates the problem. Because during the  
tour  t he  s a t e l l i t e s '  o r b i t a l  planes a r e  not  viewed 
edge-on but  appea r  t i l t e d  t o  a n  Ear th-based  
viewer, the  s a t e l l i t e s  appear t o  move across  t he  
sky not  only i n  a  l e f t - r i g h t  sense, but a l s o  i n  an  
up-down sense  a s  t hey  o r b i t  J u p i t e r .  (For t h i s  
d i s c u s s i o n ,  t h e  n o r t h  p o l e  of J u p i t e r  i s  assumed 
t o  b e  "up" t o  t h e  E a r t h - b a s e d  v i e w e r . )  
Therefore, t he  i n c l i n a t i o n  r e q u i r e d  t o  a c h i e v e  a  
d i s t a n t  s a t e l l i t e  occu l t a t i on  i s  not  constant ,  but 
v a r i e s  w i t h  t h e  p o s i t i o n  of t h e  s a t e l l i t e  i n  i t s  
o rb i t .  F i r s t ,  t h e  t ime must be found a t  which t he  
s p a c e c r a f t  p a s s e s  n e a r e s t  t h e  s a t e l l i t e  i n  t h e  
l e f t - r i g h t  s e n s e ,  a n d  t h e n  t h e  spacec r a f t ' s  
i n c l i n a t i o n  m u s t  be  a d j u s t e d  s o  t h a t  t h e  
s p a c e c r a f t  p a s s e s  d i r e c t l y  behind  t h e  s a t e l l i t e  
i n s t e a d  of above o r  below i t s  image i n  t h e  sky. 
S ince  10 p a s s e s  behind  J u p i t e r  every  r e v  a s  
viewed from Earth, the  spacecraf t  must pass behind 
J u p i t e r  on any o r b i t  c o n t a i n i n g  a  d i s t a n t  pa s s  
behind l o .  

The Orb i t a l  Tour 

F i g u r e  1 d i s p l a y s  t h e  n o r t h  t r a j e c t o r y  p o l e  
view of the  Gal i leo  o r b i t a l  tour  se lec ted  f o r  t he  
May 1986 launch opportunity. The f i g u r e  i s  shown 
i n  a  sun or ien ted  reference frame. The i n s e r t i o n  
o r b i t  i s  d e f i n e d  a s  "Orbit  0" ( s e e  F i g u r e  2). The 
10 f l y b y  t a k e s  p l a c e  on t h i s  o r b i t ,  f o l l o w e d  by 
t h e  probe r e l a y  phase of t h e  m i s s i o n  and t h e  
Jup i t e r  Orbi t  I n se r t i on  (JOI) burn. The o r b i t  i s  
s t i l l  c a l l ed  Orbit 0  u n t i l  the  spacecraf t  reaches 
Apojove 1, where a  p e r i j o v e  r a i s e  maneuver i s  
per formed t o  r a i s e  p e r i a p s i s  o u t  o f  t h e  h a r s h e r  
r a d i a t i o n  envi ronment  n e a r  Jupi te r .  The o r b i t a l  
t o u r  i s  cons ide r ed  t o  beg in  w i t h  O r b i t  1. The 
s c i e n c e  v a l u e  of O r b i t  0  i s  h i g h  because  i t  
includes a  c lose  10 encounter, occul ta t ions  of t he  
spacecraf t  a s  viewed from both Earth and Sun, and 
t h e  d i s t a n t  n o n t a r g e t e d  e n c o u n t e r s  d i s p l a y e d  i n  
F i g u r e  2. 

Tab l e  1 p r o v i d e s  a  summary of t h e  s e l e c t e d  
o r b i t a l  t o u r .  The t e n  t a r g e t e d  e n c o u n t e r s  w i t h  
E u r o p a ,  Ganymede a n d  C a l l i s t o  a r e  l i s t e d  
s e q u e n t i a l l y  w i t h  d a t e  of  c l o s e s t  a p p r o a c h ,  
whether t he  encounter occurs on the  inbound l eg  t o  
per i jove  o r  on the  outbound l eg  from peri jove,  the 
a l t i t u d e  and l a t i t u d e  a t  c l o s e s t  approach  and a  
t e r s e  d e s c r i p t i o n  of t h e  o b j e c t i v e  ( e l a b o r a t e d  
below). As te r i sks  mark a l l  nontargeted encounters 
which a r e  w i th in  200,000 km. A b r i e f  descr ip t ion  
of each encounter fo l lows  wi th  an e labora t ion  of 
the  s c i e n t i f i c  and t r a j e c t o r y  design object ives.  

Ganvmede 1 Encounter ( Ju ly  3 ,  1989) 

The f i r s t  encounter of the  s a t e l l i t e  t ou r  i s  
wi th  Ganymede (see Figure 3). This f lyby reduces 
the  o r b i t a l  period of the spacecraf t  from 206 days 
t o  64 days. Th i s  p e r i o d  r e d u c t i o n  r e s u l t s  i n  a  
c lose  wake pass. Since t h i s  i s  a  period-reducing 
f l y b y  on a n  inbound t r a j e c t o r y  (encounter before 
p e r i j o v e ) ,  t h e  spacec r a f t ' s  o r b i t  i s  coun t e r -  

r o t a t ed  ( ro ta ted  away from the  anti-Sun d i r ec t i on )  
which i s  f a v o r a b l e  f o r  J u p i t e r  a t m o s p h e r i c  
o b s e r v a t i o n s .  Two consequences  of  t h i s  coun t e r -  
r o t a t i n g  encoun t e r  a r e  t h a t  t h e  f l y b y  i s  on t h e  
l i g h t  s ide  of t he  s a t e l l i t e  and t h a t  t h e  s a t e l l i t e  
i s  n o t  occu l t ed .  The f i r s t  consequence a l l o w s  
h i g h - r e s o l u t i o n ,  high-Sun imaging  of Ganymede. 
The second p e r m i t s  u n o b s t r u c t e d  t r a c k i n g  of  t h e  
spacecraft .  The tracking da ta  obtained from t h i s  
n e a r l y  e q u a t o r i a l  p a s s ,  t o g e t h e r  w i t h  t r a c k i n g  
d a t a  f r o m  a  h i g h  l a t i t u d e  p a s s ,  i s  u s e d  t o  
c o n s t r u c t  a  model o f  Ganymede's g r a v i t a t i o n a l  
f i e l d .  The f i r s t  Ganymede encoun t e r  i s  a l s o  
f a v o r a b l e  f o r  t h e  NIMS (Near I n f r a r e d  Mapping 
S p e c t r o m e t e r )  expe r imen t  because  t h e  near-dawn 
o r i e n t a t i o n  of t h e  spacec r a f t ' s  o r b i t  ( t o g e t h e r  
w i t h  t h e  inbound encoun t e r )  p r o v i d e s  high-Sun 
c o n d i t i o n s  on approach.  A t  c l o s e s t  app roach ,  
b r i g h t  l imb  o b s e r v a t i o n s  a r e  p o s s i b l e ,  e n a b l i n g  
the  u l t r a v i o l e t  spec t rometer  (WS)  expe r imen t  t o  
be perf ormed. 

Ganvmede 2  Encounter (September 5 ,  1989) 

A  second e n c o u n t e r  w i t h  Ganymede ( F i g u r e  4) 
i s  n e c e s s a r y  t o  reduce  t h e  i n c l i n a t i o n  of  t h e  
s p a c e c r a f t ' s  o r b i t  so  t h a t  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 ,  w h i c h  a r e  n e a r l y  i n  t h e  J o v i a n  
equa to r i a l  plane, can be encountered. The i n i t i a l  
i n c l i n a t i o n  i s  a  consequence of the  i n t e rp l ane t a ry  
t ra jec tory .  This encounter must be a  c lose ,  po la r  
f lyby,  providing t he  opportunity t o  complete t he  
Ganymede g r av i t y -mode l i ng  exper iment  d e s c r i b e d  
above,  a s  w e l l  a s  a passage  th rough Ganymede's 
f l u x  tube.  The c l o s e  p o l a r  v iew a l l o w s  h igh-  
r e s o l u t i o n ,  low-Sun imaging,  a  h i g h - p r i o r i t y  
s c i e n c e  o b j e c t i v e .  Because t h i s  e n c o u n t e r ' s  
approach  c o n d i t i o n s  a r e  s i m i l a r  t o  t h o s e  of t h e  
Ganymede 1 f l y b y ,  t h e r e  w i l l  be l i t t l e  b e n e f i t  
f o r  global  NIMS and SSI imaging. 

C a l l i s t o  3  Encounter ( ~ c t o b e r  29, 1989) 

C a l l i s t o  (Figure 5) i s  used t o  f u r t h e r  reduce 
t h e  o r b i t a l  p e r i o d  f rom 56 days t o  40 days ,  
r e s u l t i n g  i n  a  wake pass. Since the  encounter i s  
a l s o  inbound,  t h e  spacec r a f t ' s  o r b i t  i s  coun t e r -  
r o t a t ed  which provides more t ime on Jupiter 's lit 
s i de  f o r  atmospheric observations. The l igh t - s ide  
pass permits  high-resolut ion,  high-Sun imaging of 
C a l l i s t o .  On approach ,  t h e  high-Sun c o n d i t i o n s  
a r e  favorable f o r  NIMS. A t  c l o se s t  approach, t he  
b r i g h t  l i m b  i s  o b s e r v a b l e  by WS. C o n d i t i o n s  a t  
C a l  l i s t o  r e s u l t  i n  a  subsequen t  n o n t a r g e t e d  
encounter w i th  Europa. 

Europa 3A Nontarneted Encounter (October 31, 1989) 

This nontargeted encounter w i th  Europa is  too 
d i s t a n t  t o  p r o v i d e  2-km-reso lu t ion  imaging ,  bu t  
c l o s e  enough t o  p rov ide  some 3-km-reso lu t ion  
coverage.  The low-Sun c o n d i t i o n s  a r e  f a v o r a b l e  
only f o r  SSI global  coverage. 

Europa 4  Encounter (December 9 ,  1989) 

Europa (F igu re  6 )  i s  used  t o  r educe  t h e  
spacecraft's o r b i t a l  period s t i l l  f u r t he r  from 39 
days  t o  27 days ,  r e s u l t i n g  i n  a  c l o s e  wake pass .  
S i n c e  t h e  e n c o u n t e r  i s  a l s o  i n b o u n d ,  t h e  
spacec r a f t ' s  o r b i t  i s  c o u n t e r - r o t a t e d ,  which i s  
f a v o r a b l e  f o r  v i ewing  Jup i t e r ' s  atmosphere. The 
c l o s e  l i g h t - s i d e  pa s s  p e r m i t s  h i g h - r e s o l u t i o n ,  
high-Sun imaging. The approach t r a j e c to ry  permi ts  



NIMS g l o b a l  o b s e r v a t i o n s  u n d e r  h i g h - S u n  
c o n d i t i o n s .  The Europa 4  encoun t e r  p u t s  t h e  
s p a c e c r a f t  on a  t r a n s f e r  o r b i t  t o  Ganymede 5 i n  ,'-, such  a  way t h a t  a  n o n t a r g e t e d  encoun t e r  w i t h  
Ganymede o c c u r s  s h o r t l y  a f t e r  Europa 4  and a  
n o n t a r g e t e d  encoun t e r  w i th  Europa occurs sho r t l y  
b e f o r e  Ganymede 5. F o r t u i t o u s l y ,  t h i s  t r a n s f e r  
o r b i t  provides an  opportuni ty t o  perform a  Faraday 
experiment (Figure 7). 

Ganvmede 4A Nontarneted Encounter (Dec. 11, 1989) 

T h i s  c l o s e  n o n t a r g e t e d  e n c o u n t e r  w i t h  
Ganymede ( F i g u r e  8 )  p r o v i d e s  g l o b a l  imaging 
o p p o r t u n i t i e s  f o r  bo th  SSI  and NIMS, a t  b e t t e r  
than 1-km reso lu t ion .  

Europa 5A Nontarneted Encounter ( ~ a n u a r y  7 ,  1990) 

Th i s  n o n t a r g e t e d  e n c o u n t e r  w i t h  Europa i s  
just  c lose enough t o  provide global  imaging a t  1- 
km r e so lu t i on  f o r  both SSI and NIMS. 

Ganymede 5  Encounter (January 8 ,  1990) 

This somewhat d i s t a n t  encounter w i th  Ganymede 
i n c r e a s e s  t h e  s p a c e c r a f t  o r b i t a l  p e r i o d  from 29 
days t o  36 days. Since the  encounter i s  outbound 
and the  period i s  increased,  t he  spacecraf t  o r b i t  
i s  counter-rotated, but only s l i g h t l y ,  due t o  the  
d i s t a n c e  of t h e  encoun t e r .  The r e s u l t i n g  o r b i t  
o r i e n t a t i o n  i s  f a v o r a b l e  f o r  J o v i a n  a t m o s p h e r i c  
o b s e r v a t i o n s .  Also,  imaging  of Ganymede's l i g h t  
s i d e  i s  p o s s i b l e  d u r i n g  c l o s e s t  approach  a t  
r e s o l u t i o n s  b e t t e r  t h a n  150 m. The approach  i s  
f a v o r a b l e  f o r  NIMS b e c a u s e  o f  t h e  h igh -Sun  
c o n d i t i o n s .  An o c c u l t a t i o n  of  t h e  s p a c e c r a f t  a s  
viewed from Earth occurs a f t e r  the  encounter. 

E u r o ~ a  6  Encounter (February 12, 1990) 

The Europa 6  encoun t e r  ( F i g u r e  9)  s e t s  up a  
360-degree t r a n s f e r  t o  t h e  Europa 7  encoun t e r  s o  
t h a t  t h e  spacec r a f t ' s  o r b i t  can be i n c l i n e d  t o  
p rov ide  an  o c c u l t a t i o n  of  t h e  s p a c e c r a f t  by 
J u p i t e r  a n d  a  d i s t a n t  o c c u l t a t i o n  o f  t h e  
spacecraft  by 10 a s  viewed from Earth (Figures 10 
and 11). On t h i s  o r b i t ,  t h e  s p a c e c r a f t  moves 
across t he  sky (as  seen from Earth)  f a s t  enough so 
t ha t  it i s  near  10's o r b i t  during only one 10 rev,  
a f f o r d i n g  on l y  one o p p o r t u n i t y  f o r  a  d i s t a n t  10 
o c c u l t a t i o n .  An o c c u l t a t i o n  of t h e  s p a c e c r a f t  by 
Jup i t e r  a s  viewed from the  Sun a l s o  occurs during 
t h i s  t r a n s f e r  o r b i t  (F igu re  12). A c l o s e  p o l a r  
f l y b y  i s  r e q u i r e d  t o  a ccompl i sh  t h e  i n c l i n a t i o n  
change, so t h a t  high-resolution, low-Sun imaging 
can a l s o  be done. The f l y b y  r e s u l t s  i n  a  s l i g h t  
counter-rotat ion which i s  outweighed by the  f r e e  
r o t a t i o n  of t h e  o r b i t  t owa rds  t h e  t a i l  p e t a l  due  
t o  J u p i t e r ' s  r e v o l u t i o n  a b o u t  t h e  Sun. The 
o r b i t a l  o r i e n t a t i o n  i s  s t i l l  b e n e f i c i a l  f o r  
J u p i t e r  a t m o s p h e r i c  o b s e r v a t i o n s .  Approach 
condit ions permit some g loba l  NIMS imaging. 

E u r o ~ a  7  Encounter  arch 19, 1990) 

The Europa 7  encounter i s  used t o  remove the  
i n c l i n a t i o n  pu t  i n t o  t h e  spacec r a f t ' s  o r b i t  by 
Europa 6 ,  s o  t h a t  t h e  s p a c e c r a f t  i s  r e t u r n e d  t o  - t h e  e q u a t o r i a l  p l ane  of J u p i t e r ,  where 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  can be encountered .  Th i s  
nece s s i t a t e s  a  po la r  f lyby which r e s u l t s  i n  a  f l u x  
t ube  pass .  The c l o s e  p o l a r  f l y b y  p r o v i d e s  a n  
opportuni ty f o r  high-resolut ion,  low-Sun imaging. 

The combined e f f e c t s  of f r e e  r o t a t i o n  towards t he  
t a i l  p e t a l  a n d  t h e  r o t a t i o n  i n d u c e d  by t h e  
e n c o u n t e r  r e s u l t  i n  a  r e d u c e d  b u t  s t i l l  
s i g n i f i c a n t  amount of t i m e  a v a i l a b l e  f o r  J o v i a n  
a t m o s p h e r i c  o b s e r v a t i o n s .  Some NIMS g l o b a l  
coverage  i s  p o s s i b l e  on approach, but condit ions 
a r e  redundant with the  Europa 6  encounter. After  
the  Europa 7  encounter, t he  spacecraf t  i s  occulted 
by J u p i t e r  a s  viewed from both Earth and Sun. 

Ganvmede 8  Encounter (Apri l  22, 1990) 

Th i s  inbound,  p e r i o d  i n c r e a s i n g  encoun t e r  
r o t a t e s  t h e  spacec r a f t ' s  o r b i t  towards  t h e  t a i l  
p e t a l .  The o r b i t a l  p e r i o d  i s  i n c r e a s e d  f rom 35 
days t o  67 days. Closest approach occurs over the  
d a r k  s i d e  of  Ganymede; n e v e r t h e l e s s ,  some h i g h  
r e s o l u t i o n ,  low-Sun imaging  of l i t  t e r r a i n  i s  
p o s s i b l e .  O c c u l t a t i o n s  of t h e  s p a c e c r a f t  by 
Ganymede a s  viewed from both Earth and Sun occur 
shor t ly  a f t e r  c l o se s t  approach. S t i l l  l a t e r ,  the  
s p a c e c r a f t  p a s s e s  behind J u p i t e r  a s  v iewed from 
both Earth and Sun. 

C a l l i s t o  8A Nontarneted Encounter ( ~ p r i l  25, 1990) 

T h i s  c l o s e  n o n t a r g e t e d  e n c o u n t e r  w i t h  
C a l l i s t o  provides t he  opportuni ty t o  ob ta in  global  
coverage a t  1-km r e so lu t i on  f o r  both NIMS and SSI. 

C a l l i s t o  9  Encounter ( Ju ly  1, 1990) 

T h i s  o u t b o u n d  e n c o u n t e r  d e c r e a s e s  t h e  
s p a c e c r a f t ' s  o r b i t a l  p e r i o d  f rom 67 days  t o  48 
days so t h a t  the o r b i t  i s  r o t a t ed  f u r t h e r  towards 
the  t a i l  petal .  The period reduct ion r e s u l t s  i n  a  
wake pass. The close dark-side pass a l lows  some 
h i g h - r e s o l u t i o n ,  low-Sun imaging. S a t e l l i t e  
o c c u l t a t i o n s  occu r  s h o r t l y  a f t e r  encoun t e r  a s  
viewed from both Earth and Sun. 

Ganymede 10 Encounter (August 14, 1990) 

Th i s  i s  t h e  f i n a l  t a r g e t e d  encoun t e r  of t h e  
t o u r .  Th i s  inbound f l y b y  i n c r e a s e s  t h e  pe r i od  
f r o m  4 8  d a y s  t o  1 1 4  d a y s ,  r o t a t i n g  t h e  
spacecraft 's o r b i t  t o  t he  t a i l  p e t a l  o r i en t a t i on  
and i n c r e a s i n g  t h e  a p o a p s i s  t o  180 RJ. The 
spacecraft 's d i s tance  behind J u p i t e r  on t he  an t i -  
Sun l i n e  i s  a p p r o x i m a t e l y  150 R J Y  which w i l l  
permit  magnetotai l  observations. The close dark- 
s i d e  p a s s  o f  Ganymede p e r m i t s  some h i g h -  
r e s o l u t i o n ,  low-Sun imaging. Occultat ions of the  
spacecraf t  by Ganymede a s  viewed from both Earth 
a n d  Sun o c c u r  a f t e r  c l o s e s t  a p p r o a c h .  The 
e n c o u n t e r  i s  de s igned  t o  i n i t i a t e  360-degree 
t r a n s f e r  o r b i t  back t o  Ganymede ( f o r  a  p o t e n t i a l  
p o s t - t o u r  1 1 t h  e n c o u n t e r )  s o  t h a t  t h e  o r b i t a l  
i n c l i n a t i o n  can be c o n t r o l l e d  t o  p rov ide  an  
o c c u l t a t i o n  o f  J u p i t e r  a n d  s e v e r a l  d i s t a n t  
s a t e l l i t e  o c c u l t a t i o n s  a s  viewed from Ear th .  

During t h e  t e n t h  o r b i t ,  t h e  s p a c e c r a f t  i s  
moving mostly away from Earth. Consequently, i t s  
mot ion  f rom r i g h t  t o  l e f t  a c r o s s  t h e  sky i s  much 
slower than on o r b i t  6 ,  a l lowing oppor tun i t ies  f o r  
d i s t a n t  10 o c c u l t a t i o n s  on more t h a n  one  10 rev .  
I n  f a c t ,  an  i n c l i n a t i o n  was found f o r  which 
d i s t a n t  10 occu l t a t i ons  occur on t h r ee  separa te  10 
r e v s ,  w i t h  two o c c u r r i n g  on a  s i n g l e  r e v  ( f o u r  
o c c u l t a t i o n s  i n  a l l ) .  On t h i s  r e v ,  t h e  two 
o c c u l t a t i o n s  occu r  n e a r  t h e  r i g h t  an sa  of 10's 
o r b i t ,  a s  t h e  image  of  10 f i r s t  p a s s e s  t h e  
spacecraf t  from l e f t  t o  r i g h t ,  then from r i g h t  t o  



l e f t  ( F i g u r e s  13 and 14). 

Near t h e  end of t h e  t o u r ,  t h e  p o s i t i o n  of 
J u p i t e r  i n  r e l a t i o n  t o  t h e  e c l i p t i c  i s  such  t h a t  
t h e  t i l t  o f  t h e  s a t e l l i t e s '  o r b i t a l  p l a n e s  
a p p a r e n t  t o  a n  Ear th-based  v i e w e r  i s  v e r y  s m a l l .  
Therefore, t o  an  Earth-based viewer t he  s a t e l l i t e s  
hardly appear t o  be moving i n  the up-down sense i n  
t h e  p l a n e  of  t h e  s k y  ( w h e r e  "up" i s  i n  t h e  
d i r e c t i o n  of  Jup i t e r ' s  n o r t h  p o l e )  a s  t hey  o r b i t  
J u p i t e r .  The re fo r e ,  t h e  r ange  of i n c l i n a t i o n s  
needed t o  achieve a  d i s t a n t  occu l t a t i on  by any of 
t h e  G a l i l e a n  s a t e l l i t e s  i s  reduced.  Because of 
t h i s ,  t h e  same i n c l i n a t i o n  used  t o  a c h i e v e  t h e  
four  d i s t a n t  10 occu l t a t i ons  a l s o  y i e ld s  d i s t a n t  
o c c u l t a t i o n s  of bo th  Europa and C a l l i s t o  on t h e  
t e n t h  o r b i t .  The spacec r a f t ' s  d i s t a n c e  behind  
J u p i t e r  during these occul ta t ions  i s  g r ea t e r  than 
10,000,000 km (see Figure 1). 

The spacecraf t  i s  a l s o  occulted by Jupi te r  a s  
v i e w e d  f r o m  t h e  Sun. T h i s  d i s t a n t  s o l a r  
occul ta t ion  o f f e r s  the bes t  opportuni ty t o  observe 
l igh tn ing  on t h e  dark s ide  of Jupi te r .  

Europa 1OA Nontarneted Encounter (August 15, 1990) 

This close nontargeted encounter provides an  
opportuni ty f o r  g loba l  coverage a t  b e t t e r  than 1- 
km r e so lu t i on  f o r  both SSI and NIMS. 

Science Value Versus Science Reauirements 

The o r b i t a l  tour  presented above was se lec ted  
based on the  s a t i s f a c t i o n  of science requirements 
i n  t h e  a r e a s  o f  a t m o s p h e r i c  s c i e n c e ,  
ma gne to sphe r i c  s c i e n c e ,  s a t e l l i t e  s c i e n c e  and 
rad io  science experiments (which support t he  o ther  
t h r e e  a r e a s ) .  A l a r g e  number  of  s c i e n t i f i c  
c r i t e r i a  were involved i n  t h e  eva lua t ion  process. 
I n  t h i s  s e c t i o n  o n l y  t h e  h i g h l i g h t s  of t h e  ma jo r  
a r e a s  w i l l  b e  r e v i e w e d  i n  r e g a r d  t o  t h e  
achievement of the  s c i e n t i f i c  object ives.  

J u ~ i t e r  Atmospheric Measurements 

Imaging of the  Jovian atmosphere i s  evaluated 
by a number  of  p a r a m e t e r s ,  b u t  t h e  m o s t  
d i s t i ngu i sh ing  i s  the  amount of t ime ava i l ab l e  f o r  
imaging a t  a  d i s tance  g r ea t e r  than 15 Jovian r a d i i  
w i t h  a  phase  a n g l e  of l e s s  t h a n  90 deg ree s  (more 
t h a n  h a l f  of J u p i t e r ' s  d i s k  s u n l i t ) .  During t h e  
o r b i t a l  t ou r ,  38 days of atmospheric observat ion 
t i m e  i s  o b t a i n a b l e ,  which i s  t h e  l a r g e s t  v a l u e  
obtained f o r  a l l  t ou r s  considered f o r  the  December 
1988 a r r i v a l  date. 

Magnetosoheric Science 

Magnetospheric science requirements include: 

1 )  Close  wake p a s s e s  w i t h  Europa, Ganymede and 
C a l l i s t o  

2) Flux tube passes with Europa and Ganymede 

3)  P a s s e s  t h rough  t h e  m a g n e t o t a i l  o f  J u p i t e r  
g r e a t e r  t han  150 J o v i a n  r a d i i  and w i t h i n  
degrees of the  anti-sun d i r e c t i o n  

A l l  t h e s e  r e q u i r e m e n t s  were  ach i eved ,  w i t h  
a d d i t i o n a l  C a l l i s t o  wake pass .  

S a t e l l i t e  Imaginq 

The o r i g i n a l  s c i e n c e  r e q u i r e m e n t  c a l l s  f o r  
g r e a t e r  t h a n  50% coverage  a t  1 km r e s o l u t i o n  of 
t h e  Gal i lean  s a t e l l i t e s .  No o r b i t a l  t ou r  has ever  
a ch i eved  t h i s  goa l .  However, a t  2  km r e s o l u t i o n  
more than 50% coverage i s  obtained i n  t h e  se lec ted  
t o u r .  The g l o b a l  coverage  r e s u l t s  a r e  d i s p l a y e d  
i n  Tab l e  2. I n  t h e  t o u r  d e s i g n  e f f o r t  i t  was 
d i s c o v e r e d  t h a t  g r e a t e r  g l o b a l  c o v e r a g e  i s  
poss ib le ,  but only a t  t he  expense of o ther  science 
r equ i r emen t s .  The r e s u l t s  f o r  h i g h  r e s o l u t i o n  
imaging were  s a t i s f a c t o r y  providing a reasonable 
d i s t r i b u t i o n  b e t w e e n  E u r o p a ,  Ganymede a n d  
Cal l i s to .  NIMS globa l  coverage was considered t o  
be v e r y  s a t i s f a c t o r y .  The o v e r a l l  v a l u e  of  
s a t e l l i t e  s c i e n c e  i s  e q u i v a l e n t  t o  t h e  o r b i t a l  
tour  presented i n  ~ i e h l l .  

Radio Science 

Radio science requirements include: 

1. At l e a s t  t h r ee  occul ta t ions  of the  spacecraf t  
by J u p i t e r .  P o l a r ,  m i d - l a t i t u d e  a n d  
equa to r i a l  occul ta t ions  a r e  desired.  

2. A Faraday experiment, which can be performed 
during a near  grazing occul ta t ion .  

3. An occu l t a t i on  by each s a t e l l i t e .  

A l l  t h e  above r e q u i r e m e n t s  were a c h i e v e d ,  
with t he  10 and Europa occul ta t ions  occurr ing i n  
the  t en th  o rb i t .  

Conclusions 

The G a l i l e o  o r b i t a l  t o u r  s e l e c t e d  f o r  t h e  
1986 launch  o p p o r t u n i t y  met o r  exceeded a l l  t h e  
minimum s c i e n c e  r e q u i r e m e n t s .  Although t h i s  
p a r t i c u l a r  t o u r  cannot  be f l own ,  i t  a t  l e a s t  
provides a  benchmark by which fu tu r e  tour  designs 
can be measured. 
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Fig. 2 Trajectory pole view of Orbit 0 near 
peri jove. 



Fig. 3 Trajectory pole view of Ganymede 1 
encounter. 

t 
Ganymede 
North 
Pole 

Earth Flux 
Occultation Tube 
Zone / 

~ i u x  
Tube 

Fig. 4 Trajectory pole view of Ganymede 2 
encounter. 

Fig. 5 Trajectory pole view of  Call isto 3 
encounter. 
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Fig. 6 Trajectory pole view of Europa 4 

encounter. 

Fig. 7 Earth view of Jupiter near Peri jove 4 :  
Faraday experiment. 
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Fig. 8 Trajectory pole view of Ganymede 4A 
nontargeted encounter. 
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F i g .  9 T r a j e c t o r y  p o l e  v i ew  o f  Europa 6 
encoun te r .  

F i g .  12  T r a j e c t o r y  p o l e  v i ew  o f  O r b i t  6 
nea r  p e r i  j ove .  

/ ~nter\at 2/13/90 7:44 ET 
Exit a t  2/13/90 7 5 0  ET 

F ig .  10  E a r t h  v i ew  o f  d i s t a n t  10 o c c u l t a t i o n  
on O r b i t  6 (mo t i on  o f  SIC r e l a t i v e  
t o  1 0 ) .  

F i g .  11 E a r t h  v i ew  o f  J u p i t e r  nea r  
P e r i j o v e  6.  

Exit a t  9/17/90 8:2 

Entw a t  9/17B0 10:25 ET Exi t  at 9/17/90 10:41 ET 

F i g .  13 E a r t h  v i ew  o f  f i r s t  d i s t a n t  10 o c c u l t a -  
t i o n  on O r b i t  10  nea r  quad ra tu re  
( m o t i o n  o f  S/C r e l a t i v e  t o  10).  

10 a t  10:33 ET, 9/17/90 
L 

F i g .  14  E a r t h  v i ew  o f  d i s t a n t  10 o c c u l t a t i o n s  
on O r b i t  10  (mo t i on  o f  10 and S/C 
r e l a t i v e  t o  J u p i t e r ) .  

' o r b i t  o f  
I 0  

1 - 3 0  m i n . 4  t 
10 a t  8:17 ET, 9/17/90 

Spacecra f t  O r b i t  



Table  1  Summary o f  t o u r  ~6 * 
-- *- 

Sate1 1  i t e  A1 t i t u d e ,  L a t i t u d e ,  Encounter ( inbound/outbound) km deg 
O b j e c t i v e  

1  

2  

3 

3 * 

4  

4  * 

5 * 

5 

6  

7 

8  

8 *  

9  

1 0  

1  o* 

T a i l  P e t a l  
Apojove 

3  J u l  89/Ganymede ( i n )  

5 Sep 89/Ganymede ( i n )  

29 Oct 8 9 / C a l l i s t o  ( i n )  

31 Oct 89/Europa ( i n )  

9  Dec 89IEuropa ( i n )  

11 Dec 89lGanymede ( o u t )  

7 Jan 90/Europa ( o u t )  

8  Jan 901Europa ( o u t )  

12 Feb 90/Europa ( o u t )  

19 Mar 901Europa ( o u t )  

22 Apr 90/Ganymede ( i n  

25 Apr 9 0 / C a l l i s t o  ( o u t )  

1  J u l  9 0 / C a l l i s t o  ( o u t )  

1 4  Aug 90JGanymede ( i n )  

15 Aug 90/Europa ( i n )  

11 Oct 90 

Wake pass; UVS; e q u a t o r i a l  g r a v i t y  e x p e r i -  
ment ; reduce p e r i o d  . 
F lux  tube; p o l a r  g r a v i t y  exp.; reduce 
i n c l i n a t i o n .  

Wake; UVS; c o u n t e r - r o t a t e  o r b i t  o r i e n t a t i o n .  

S a t e l l i t e  g l o b a l  coverage. 

Wake; c o u n t e r - r o t a t e ;  Faraday exp. 

S a t e l l i t e  g l o b a l  coverage. 

S a t e l l i t e  g l o b a l  coverage. 

Coverage; J u p i t e r  o c c u l t a t i o n ;  coun te r -  
r o t a t e .  

J u p i t e r  and d i s t a n t  10 o c c u l t a t i o n s .  

F lux  tube;  J u p i t e r  o c c u l t a t i o n .  

S a t e l l i t e  o c c u l t a t i o n ;  J u p i t e r  o c c u l t a t i o n ;  
r o t a t i o n .  

Sate1 1  i t e  g l o b a l  coverage. 

Wake; s a t e l l i t e  o c c u l t a t i o n ;  r o t a t i o n  

S a t e l l i t e  o c c u l t a t i o n ;  r o t a t i o n ;  J u p i t e r  
and d i s t a n t  s a t e l l i t e  o c c u l t a t i o n s .  

Sate11 i t e  g l o b a l  coverage. 

180 RJ; o r b i t  o r i e n t a t i o n  o f  166 deg; end 
o f  nominal  m i s s i o n .  

Tab le  2  SSI coverage 

Percen t  coverage 
S a t e l l i t e  - 

l-km 2-km 
r e s o l u t i o n  r e s o l u t i o n  

Europa 2  9  56 

Ganymede 33 69 

C a l l  i s t o  2  6  64 


