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A pre l iminary  s tudy  has been made of t h e  s c i e n t i f i c  

ob jec t ives  and t e c h n i c a l  f e a s i b i l i t y  of so f t - l and ing  s p a c e c r a f t  

of 1000 l b s .  u s e f u l  payload on each of t h e  Ga l i l ean  s a t e l l i t e s  

of J u p i t e r .  

The major s c i e n t i f i c  o b j e c t i v e s  of such missions would be: 

1, To develop a  much-needed l i n k  between s t u d i e s  of 

t h e  Inne r  and Outer p l a n e t a r y  groups by comparing 

t h e  phys ica l  p r o p e r t i e s  of t h e  s a t e l l i t e s  w i t h  those  

o f  t h e  sma l l e r  p l a n e t s ,  

2 .  To o b t a i n  da ta  e s s e n t i a l  f o r  s t u d i e s  o f ;  

( a )  t h e  mode of format ion of t h e  sma l l e r  p l a n e t a r y  

bodies  i n  t h e  s o l a r  system. 

(b) t h e  o r i g i n  of s a t e l l i t e  systems,  

( c )  t h e  o r i g i n  of t h e  s o l a r  system i t s e l f ,  

A f u r t h e r  o b j e c t i v e  would be t o  use t h e  s a t e l l i t e s  a s  bases  

f o r  the remote obse rva t ion  of the  Jovian  c loud  l a y e r .  Advantages 

of such bases would be: 

l. The s e a b i l i t y  of t h e  observa t ion  plat form.  

2 .  The proximity t o  t h e  p l a n e t .  

3 ,  The expected long Lifet ime of t h e  e l e c t r o n i c  

components of t h e  remote sens ing  ins t ruments ,  

because a l l  t h e  s a t e l l i t e s  revolve  welb-outs ide 

t h e  most i n t e n s e  reg ions  of t h e  Jovian  r a d i a t i o n  

b e l t s ,  

Cons idera t ion  of t h e  use of t h e  s a t e l l i t e s  a s  bases  f o r  t h e  

measurement of t h e  phys ica l  p r o p e r t i e s  of t h e  Jovian  magnetosphere 

produced a  nega t ive  conclusion,  

For t r a j e c t o r y  and payload a n a l y s i s ,  t h e  mission was 

sepa ra t ed  i n t o  f o u r  d i s t i n c t  phases,  and va r ious  propuls ion/  

p r o p e l l a n t  system combinations were s tud ied .  The breakdown was: 

1, Launch and Earth-escape,  us i n g  chemical, chemical- 
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nuc lea r ,  o r  chemical-nuclear- e l e c t r i c  propuls ion.  

2 ,  I n t e r p l a n e t a r y  t r a j e c t o r y ,  us ing  e i t h e r  b a l l i s t i c  o r  

low t h r u s t  ( a o l a r - e l e c t r i c  o r  nuc lea r -e l ec t r ; e \  -- Y 

propuls ion ,  

3. S a $ e l l i t e  c a p t u r e  maneuver us ing  chemical, cryogenic ,  

o r  nuc lear  rocke t  propuls ion ,  

4 ,  Terminal descent  maneuver us ing  v a r i a b l e  t h r u s t  

chemical p r o p u l s i  on, 

Resu l t s  i n d i c a t e  t h a t  missions t o  C a l l i s t o  a r e  p o s s i b l e  

us ing  as  t h e  launch v e h i c l e  e i t h e r  t h e  SIC/SIVB/Centaur o r  t h e  

T i t a n  3F/Solar -Elec t r ic  systems, t oge the r  w i t h  a  space - s to rab le  

chemical retro-maneuver f o r  s a t e l l i t e  cap tu re .  Ganymede and 

Europa a r e  a l s o  a c c e s s i b l e  i f  t h e  Sa tu rn  V and Sa turn  V/Centaur 

launch v e h i c l e s  a r e  used, r e s p e c t i v e l y .  I f  a  cryogenic o r  n u c l e a r  

propuls ion  system i s  a v a i l a b l e  f o r  t h e  retro-maneuver then  I o  

becomes a c c e s s i b l e  a l s o .  A l l  f o u r  s a t e l l i t e s  become a c c e s s i b l e  w i t h  

a  T i t a n  3P-Nuclear-Electric launch v e h i c l e  and a  s o l i d  chemical  

retro-maneuver, 

C a l l i s t o ,  Europa and Ganymede a r e  a c c e s s i b l e  using a s o l a r -  

e l e c t r i c  low t h r u s t  f l i g h t  mode f o r  i n t e r p l a n e t a r y  t r a n s f e r  and 

t h e  SIC/SSVB/Centaur a s  a  launch v e h i c l e ,  Po i s  no t  a c c e s s i b l e ,  

however, 

With each of t h e s e  f l i g h t  mode/propulsion sys  tern combinations 

ques t ions  of f e a s i b i l i t y  do remain, however, concerning such i t e m s  

a s  l a rge  two-stage retro-maneuvers, d i r e c t  s a t e l l i t e  approach, long 

per iods  of h ibe rna t ion  of p r o p e l l a n t s  i n  space,  and t h e  development 

of  t h e  more advanced propuls ion  systems. 

If f l i g h t  times of 2% t o  3% years  can  be  t o l e r a t e d  t h e  

i d e a l  f l i g h t  rnode/propuls i o n  sys  t e m  f o r  t h e s e  m i s s  ions  would appear 

t o  be low-thrust/nuclear-electricO Missions t o  a l l  f o u r  of t h e  

s a t e l l i t e s  then  become poss ib l e ,  t h e  d i r e c t  approach t o  t h e  s a t e l l i t e  

can be rep laced  by a  s impler  s p i r a l  i n t e r c e p t i o n  of t h e  s a t e l l i t e  

o r b i t  t oge the r  w i t h  a  s i n g l e  s t a g e  retro-maneuver, and t h e  sma l l e r  

T i t a n  3F rocke t  can be used t o  launch t h e  r equ i red  n u c l e a r - e l e c t r i c  

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

The o b j e c t i v e s  of t h i s  s tudy  were: 

1. To determine t h e  s c i e n t i f i c  ob jec t ives  of s o f t  

l anding  unmanned s p a c e c r a f t  on t h e  f o u r  Ga l i l ean  

s a t e l l i t e s  of J u p i t e r .  

2 .  To determine t h e  t e c h n i c a l  f e a s i b i l i t y  of such missions 

assuming t h e  e x i s t e n c e  of a  v a r i e t y  of advanced 

propuls ion  systems f o r  t h e  i n t e r p l a n e t a r y  s p a c e c r a f t .  

The systems cons idered  were space - s to rab le  chemtcal ,  ' 

cryogenic,  nuc lear ,  s o l a r - e l e c t r i c ,  and nuc lear -  

e l e c t r i c ,  P resen t ly  a v a i l a b l e  i n t e r p l a n e t a r y  launch 

v e h i c l e s  (T i t an  3F, In t e rmed ia t e  Sa turn ,  and 

Sa turn  88)  were cons idered  f o r  t h e  missions.  

It was assumed throughout t h i s  s tudy  t h a t  a  $horougR reconnaissance 

of t h e  s u r f a c e s  o f  t h e  s a t e l l i t e s  w i l l  have been completed by 

f ly -by  s p a c e c r a f t  o r  s a t e l l i t e  o r b i t e r s  be fo re  so f t - l and ing  missions 

a r e  at tempted.  

For s o f t - l a n d e r  missions t o  be s c i e n t i f i c a l l y  rewarding 

i t  would be  h igh ly  d e s i r a b l e  f o r  s u b s t a n t i a l  u s e f u l  payloads t o  

be depos i t ed  on t h e  s u r f a c e  of t h e  s a t e l l i t e s ,  For t h e  purpose 

s f  t h i s  pre l iminary  s tudy  minimum u s e f u l  payloads of 1000 I b s .  

were assumed. Useful  payload i n  t h i s  con tex t  means t h e  weight 

a v a i l a b l e  f o r  s c i e n t i f i c  ins t rumenta t ion ,  t e l eme t ry  equipment, 

and power supp l i e s .  With 1000 l b s .  a v a i l a b l e  a  broad range of 

experiments could be performed by each s p a c e c r a f t ,  b roader  i n  f a c t  

t h a n  t h a t  performed by S u r v e y ~ r  on t h e  Moon. 

The s c i e n t i f i c  o b j e c t i v e s  a s s o c i a t e d  w i t h  t h e s e  missions 

a r e  reviewed i n ' s e c t i o n  2 ,  whi le  t h e i r  t e c h n i c a l  f e a s i b i l i t y  i s  
d i scussed  i n  Sec t ion  3 .  The conclusions of t h e  s tudy  a r e  

conta ined  i n  Sec t ion  4. 
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SCIENTIFIC OBJECTIVES 

The s c i e n t i f i c  o b j e c t i v e s  a s s o c i a t e d  w i t h  ehe s o f t - l a n d i n g  

of spacec ra f t  on t h e  f o u r  Ga l i l ean  s a t e l l i t e s  of J u p i t e r  may be 

grouped i n  ehree  broad areas  of i n v e s t i g a t i o n :  

1, The s tudy  of t h e  phys ica l  p rope re i e s  of each 

s a t e l l i t e ,  t r e a t i n g  it  as  an i n d i v i d u a l ,  and 

d i s t i n c t ,  p l a n e t a r y  body. 

2 .  The use of each s a t e l l i t e  a s  a  base  f o r  remote 

observa t ion  of J u p i t e r .  

3 ,  The use of each s a t e l l i t e  a s  a  base  f o r  measure- 

ment of t h e  p h y s i c a l  p r o p e r t i e s  of t h e  Jovian  

magnetosphere. 

The b a s i c  phys ica l  parameters of t h e  s a t e l l i t e s  a r e  

Pistzed i n  Table 1, The masses a r e  taken  from a review by Brouwer 

and CPemence ( 1 9 Q l ) ,  The r a d i i ,  t aken  from P r i c e  ( l970) ,  w e r e  

obeained from a  thorough review of a l l  observed va lues ,  The 

t a b u l a t e d  mean d e n s i t i e s  have been c a l c u l a t e d  us ing  t h e s e  da ta .  

The p h y s i c a l  parameters of t h e  s a t e l l i t e s  may be compared 

wieh those  of t h e  Moon and t h e  two s m a l l e s t  Inne r  p l a n e t s ,  Mercury 

and Mars, l i s t e d  i n  Table 11, These da ta  a r e  taken  from Al len  (1963). 

A review of the  da ta  presented  i n  Tables I and PP leads  

t o  the  fo l lowing  conelus ions : 

1, Each of t h e  f o u r  s a t e l l i t e s  i s  of s u f f i c i e n t  s i z e  

and mass t h a t  it may be considered a s  a  d i s t i n c t  

p l a n e t a r y  body i n  i t s  own r i g h e ,  

2 .  Europa, t h e  smal les t  s a t e l l T t e ,  i s  sma l l e r  and less 

massive than t h e  Moon, bu t  has ve ry  n e a r l y  t h e  

same dens i % y ,  

3, 10, t h e  second s m a l l e s t  s a t e l l i k e ,  and t h e  Moon a r e  

almost i d e n t i c a l  twins i n  both  s i z e  and mass, 
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TABLE I 

GALILEAN SATELLITES: BASIC PHYSICAL 

I [ ~ a t e l l i t e  Name , 10 

25 I 

-Mass ( i n  10 g) 7.22-t-0.57 - ! 4,70+0.09 - 
I Europa 

i I 

 wadiu us ( i n k m )  I 180W-163 - 1549+98 - 
I 

Mean Density 3,O j 3.0 , 
(5.. g/cc)  ! 

I 

Escape Veloci ty  2.33 ' 2.01 

(km/sec) 
, 

PARAMETERS 

111 IV 

Ganymede C a l l i s t o  

15.456c.0.19 - 9.64+0.76 - 
2 6214-367 - 2389+389 - 
2 . 1  1 . 7  

NOOfi, MERC~ ' I1 '  AND MARS: BASIC PRYSIGAL PAMMETERS 

Ce lese ia l  Body Moon I Mercury 

Mass ( i n  l . 0 ~ ~ ~ 1  
1738 k-adius (in km) I 2420 

Mean Density 3,343 5 , 3  

(in g/cc)  

Escape Veloc i ty  2 , 3 8  4.2 
(km/sec> 

3 

Mars 

63,95 

3400 



Consequently, t h e i r  mean d e n s i t i e s  a r e  n e a r l y  

equal ,  
4 .  C a l l i s t ~ ,  t h e  second l a r g e s t  s a t e l l i t e ,  i s  n e a r l y  

a s  l a r g e  a s  Mercury b u t  w i t h  only one- th i rd  i t s  
mass, I t s  mean d e n s i t y  1s only one-half t h a t  of 

t h e  Moon, 
5 ,  Ganpede ,  t h e  l a r g e s t  s a t e l l i t e ,  i s  s l i g h t l y  b igger  

than  Mercury, b u t  w i t h  only one-half i t s  mass, 

I t s  mean dens i ty ,  wh i l e  being l a r g e r  than  t h a t  of 
C a l l i s % o ,  is  much less than t h a t  of t h e  Moon. 

6,  The mean d e n s i t i e s  of t h e  s a t e l l i t e s  decrease  w i t h  
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 ,  

On t h e  b a s i s  of t h e s e  conclusLons, Is and Europa a r e  

probably rocky bodies  s i m i l a r  t o  t h e  Moon, On t h e  o t h e r  hand, 
becayse of t h e i r  much lower d e n s i t i e s ,  Ganpede  and C a l l i s t o  a r e  
probably ve ry  d i f f e r e n t  from t h e  Moon, being composed of a  mixture 
of rock and i c e ,  S tudies  s f  t h e  composit ion and i n t e r n a l  s t r u c t u r e  
of t h e  Ga l i l ean  s a t e l l i t e s  w i l l  p rovide  da ta  e s s e n t i a l  f o r  s t u d i e s  
0% b o t h  t h e  mode of format ion of t h e  sma l l e r  p l a n e t a r y  bodies  i n  
t h e  s o l a r  system and t h e  o r i g i n  'af s a t e l l i t e  systems, Comparfaon 
of t h e i r  phys lea l  p r o p e r t i e s  wi th  those  of t h e  Moon and sma l l e r  
p l a n e t s  may well, provide a  link between s t u d i e s  of the Imer and 
Outer p l a n e t a r y  groups, 

Information on the  phys ica l  properties of t h e  s a % e l l l % e a  
may be  obtained most e f feekivefy  by soft- landing fnaeruments a t  
s t r a t e g i c a l l y  l o c a t e d  po in t s  on t h e i r  s u r f a c e s ,  To make t h e  most 
e f f e c t i v e  use of each l ande r  t h e  fo l lowing  ins t rumen ta t ion  should 
be  on board: 

1, S o i l  sampler: t o  determine s u r f a c e  composit ion,  
e l e c t r i c a l  and thermal c o n d u c t i v i t i e s ,  

2 ,  Seismometer: t o  s tudy  t h e  i n t e r n a l  s t r u c t u r e  of 
t h e  s a t e l l i t e .  
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3. Magnetometer: t o  determine t h e  s t r e n g t h  of t h e  

i n t r i n s i c  magnetic f i e l d  of t h e  s a t e l l i t e ,  

4 ,  Thermal flow meter: t o  study t h z  f n t e r a a l  p r o p e r t i e s  

of t h e  s a t e l l i t e ,  

5 ,  Atmospheric monitor: t o  s tudy  t h e  composikion, 

p r e s s u r e  and temperature of any atmospheres 

surrounding t h e  s a t e l l i t e s .  Such atmospheres would 

be ve ry  tenuous, s i n c e  none has y e t  been d e t e c t e d  

by ast ronomical  spectroscopy,  

6, TV system: f o r  imaging of t 'he s u r f  ace environment 

i n  t h e  v i c i n i t y  of the landing  p o i n t .  

The s u r f a c e s  of t h e  Ga l i l ean  s a t e l l i t e s  provide extremely 

s t a b l e  plat forms from which remote observa t ions  of J u p i t e r  could  

be made. To s tudy  t h e  usefu lness  of t h e  s a t e l l i t e s  i n  t h i s  r ega rd  

a review of t h e i r  o r b i t a l  parameters i s  r e l e v a n t ,  These parameters 

a r e  l i s t e d  i n  Table 111. These da ta  have been taken  from Al len  

(1963) and Melbourne e t  a l  (1968), The r e l a t i v e  dimensions of t h e  

o rb igs  of t h e  s a t e l l i t e s  wi th  r e s p e c t  t o  J u p i t e r  a r e  shown i n  . 
Fig .  1, 

Strong evidence i n d i c a t e s  t h a t  t h e  per iods  of r o c a t i o n  of 

t h e  s a t e l l i t e s  a r e  equal  t o  t h e i r  per iods  s f  r evo lu t ion ,  The main 

evidence comes from t h e  publ ished work on t h e  v a r i a t i o n  i n  t h e  

b r igh tness  of eaeh s a t e l l i t e  w i t h  p o s i t i o n  i n  i%s o r b i t ,  reviewed 

by Har r i s  (1961). Addi t iona l  evidence i s  provided by v i s u a l  

observa t ions  of s u r f a c e  markings on t h e  s a t e l l i t e s ,  reviewed by 

Doll fus  (1961). The l a t t e r  observa t ions  i n d i c a t e  t h a t  f o r  eaeh 

s a t e l l i t e  i t s  a x i s  of r o e a t i o n  i s  v e r y  n e a r l y  perpandicular  &o 

%he p lane  of i t s  o r b i t ,  The e q u a l i t y  i n  the per iods  of r o t a t i o n  

and r e v o l u t i o n  is  not  unexpected, The t i d a l  i n f luenee  of J u p i t e r  

should produce j u s t  such an e f f e c t ,  

Since t h e  per iods  of r o t a t i o n  r e v o l u t i o n  of t h e  

s a t e l l i t e s  a r e  apparent ly  equal ,  and t h e i r  o r b i t s  a r e  ve ry  n e a r l y  
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TABLE 111 

GALILEAN SATELLITES: ORBITAL PARAMETERS 
--  - - "  - - - - 

I 
I 

L a t e l l i t e  Number I I - I 1  - ' 111 ' I V  
I 

I I I 
1 

I S a t e l l i t e  Name 1 10 Europa Ganymede C a l l i s t o  
, I 1 

I 

'Semi-major a x i s  I 0.422 0.671 1.070 1.883 
of o r b i t  ( i n  106kms) 

Semi-ma j o r  a x i s  1 
. of o r b i t  ( i n  Jovian Eq. I 

t Radf i )  I 5 , 9  9.4 15.0 26.4 
, 

I 

i E c c e n t r i c i t y  of o r b i t  I I -0 I 0 . 0 0 0 3  0.0015 0.0075 

S i d e r e a l  Period of 
Revolution ( i n  days) 

! I n c l i n a t i o n  of plane of 
I o r b i t  t o  Jovian Equa to r i a l  
p lane  ( i n  degrees) 
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FIGURE I, THE O R B I T S  OF THE G A L I L E A N  MOONS OF 
J U P I T E R ,  ALL O R B I T S  I N  J O V I A N  EQUATORIAL  
PLANE, 

R, JOVIAN EQUATORIAL  RADIUS a71372 KM I 



c i r c u l a r ,  it follows t h a t  a s  viewed from J u p i t e r  l i b r a t i o n  i s  
n e g l i g i b l e .  I n  add i t i on ,  t h e  c i r c u l a r i t y  of t h e  o r b i t s  ensures  

t h a t  v a r i a t i o n  i n  t h e  apparent  angular  diameter of J u p i t e r  a s  seen  

from each s a t e l l i t e  w i l l  be  ve ry  smal l .  

The d a t a  i n  Table 1x1 have been used t o  c a l c u l a t e  t h e  

apparent  angular  diameter of J u p i t e r ,  as  seen  from each s a e e l l i t e ,  

t oge the r  w i t h  t h e  l i n e a r  d i s t a n c e  a t  t h e  s u b - s a t e l l i t e  po in t  on 

t h e  p l a n e t ' s  equator  which corresponds t o  an angular  r e s o l u t i o n  

of 1 second of a r c  (1"'). The r e s u l t s  a r e  l i s t e d  i n  Table I V ,  

Data on t h e  Jovian  e q u a t o r i a l  r ad ius  and t h e  e l l i p t i c i t y  of t h e  

p l a n e t  were taken  from Al len  (19639, For comparison, no te  t h a t ,  

a s  seen  from Ear th ,  t h e  Moon subtends an angle  of c l o s e  t o  0.5 

degrees .  

The synchronous o r b i t s  which correspond t o  t h e  two 
h  r o t a t i o n  per iods  (9h 5om.5/9 55m.4) of t h e  equator ia l / te rnpera te  

regions of t h e  Jovian cloud l e v e l  have semi-major axes of 

2 , 2 3 0 / 2 , 2 4 2  Jovian  e q u a t o r i a l  r a d i i ,  A l l  f o u r  s a t e l l i t e s  a r e ,  

however, a t  much g r e a t e r  d i s t a n c e s  from t h e  p l a n e t .  Consequently, 

f e a t u r e s  on J u p i t e r  w i l l  appear t o  revolve under them r a p i d l y .  It 

would n o t  be p o s s i b l e  t o  observe i n d i v i d u a l  f e a t u r e s  f o r  per iods  

longer  than  about f i v e  hours wi thout  i n t e r r u p t i o n ,  

On t h e  b a s i s  of geometr ica l  cons ide ra t ions  a lone ,  t h e  

i u p i t e r - t u r n e d  f a c e  of each s a t e l l i t e  could s e r v e  a s  a very  u s e f u l  

.base f o r  remote s tudy  of t h e  p l ane t .  I d e a l l y ,  s o f t  landings of 

remsee sens ing  inst ruments  should be made a t  t h e  sub-JvpiEer p o i n t  

on each s a t e l l i t e .  Here J u p i t e r  w i l l  be  i n  t h e  z e n i t h ,  and 

observing cond i t ions  w i l l  be  op$imum. 

Recently Warwick (1967) has reviewed p resen t  knowledge of 

t h e  i n t e r p l a n e t a r y  environment i n  t h e  immediate v i c i n i t y  of J u p i t e r .  

Resul t s  from r a d i o  astronomy i n d i c a t e  t h a t  J E p i t e r  has Van Allen-type 

I I T  R E S E A R C H  I N S T I T U T E  
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TABLE I V  

JUPITER AS VIEWED FROM THE GALILEAN SATELLITES 

S a t e l l i t e  Number P 11 111 IV 

S a t e l l i t e  Name 10 Europa Ganymede C a l f i s t o  

Angular ~ o l a r / E q u a t o r i a l  
diameters of J u p i t e r  

( i n  degrees)  18.2/19.4 1 1 . 4 / 1 2 . 2 ? . 2 / 7 . 6  4.1/4.3 

Distance a t  sub- 
s a t e l l i t e  po in t  on 

, Jovian  equator  which 
corresponds t o  1" of a r c  
r e s o l u t i o n  ( i n  km) 1.70 2 . 9 1  4.84 8.98 
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r a d i a t i o n  b e l t s  surrounding it, which suggests  t h a t  t h e  p l a n e t  

may have an e s s e n t i a l l y  d i p o l e  magnetic f i e l d  w i t h  probable  
s t r e n g t h  at t h e  Jovian  cloud l a y e r  of o rde r  10-20 gauss.  Obser- 

v a t i o n s  i n d i c a t e  t h a t  t h e  a x i s  of t h e  d i p o l e  i s  i n c l i n e d  about t e n  
degrees t o  t h e  r o t a t i o n  a x i s  of t h e  p l a n e t .  The maximum d e n s i t y  

of t h e  charged p a r t i c l e s  i n  t h e  b e l t s  appears t o  occur a t  approxi-  
mately two J u p i t e r  r a d i i  from t h e  c e n t e r  of t h e  p l a n e t .  Almost 

a l l  t h e  accumulated p a r t i c l e s  l i e  w i t h i n  about f i v e  J u p i t e r  r a d i i  

from t h e  p l a n e t ,  
A t  f i r s t  s i g h t  t h e  s a t e l l i t e s  appear t o  be u s e f u l  obser- 

v a t i o n  p o i n t s  f o r  monitoring p a r t i c l e  d e n s i t i e s  and f i e l d  s t r e n g t h s  
i n  t h e  v i c i n i t y  of J u p i t e r .  S ince  t h e  per iods  of r e v o l u t i o n  and 

r o t a t i o n  of t h e  s a t e l l i t e s  a r e  appa ren t ly  equal ,  each body p r e s e n t s  

t h e  same f a c e  permanently turned  towards i t s  d i r e c t i o n  of motion 

i n  i t s  o r b i t ,  An i d e a l  l o c a t i o n  f o r  t h e  so f t - l and ing  of p a r t i c l e /  

f i e l d  d e t e c t o r s  t o  monitor t h e  environment of J u p i t e r  would, 
t h e r e f o r e ,  appear t o  be on t h e  "forward" f a c e  of t h e  s a t e l l i t e ,  

n i n e t y  degrees  from both  t h e  r o t a t i o n  a x i s  and t h e  sub- Jup i t e r  
po in t .  There a r e ,  however, s e v e r a l  reasons why t h e  s a t e l l i t e s  
a r e  u n s u i t a b l e  a s  bases  f o r  t h e  s tudy  of the Jovian  magnetosphere: 

2 .  A l l  f o u r  s a t e l l i t e s  revolve  around J u p i t e r  w e l l  
o u t s i d e  t h e  most i n t e n s e  regions of t h e  r a d i a t i o n  

b e l t s .  
2 .  Since t h e  s a t e l l i t e  o r b i t s  a r e  e s s e n t i a l l y  c i r c u l a r  

r l t  would n o t  be p o s s i b l e  t o  s tudy  v a r i a t i o n s  i n  
p a r t i c l e  densd t i e s  and f i e l d  s w e a g t h s  a s  a  functPon 
of d i s t a n c e  from t h e  center of t h e  p lane t ,  

3 .  Even i f  t h e  p a r t i c l e / f % e % d  d e t e c t o r s  had bean s o f t  
landed on t h e  '8 f ront ' f  face  s f  each sats$l%%e inter- 
pre ta t iom of t h e l r  naeeeuremeats would be d&ff icu%t, '  
The ine trumentg could n o t  make "pure" mea~uilremsn%e@ 
of the radiation b e l t 8  becauee $n$erac t ion  sf tks 
charged particfes wi$h t h e  ea te l l i t s  ftseff would 
almost cer ta in ly  d r e s t i c a f l y  modify t h e  l o c a l  and 
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non-local  p a r t i c l e l f i e l d  environment of t h e  lander .  

The s e v e r i t y  of t h e  i n t e r a c t i o n  would, of course ,  
depend on t h e  conduc t iv i ty  of t h e  s a t e l l i t e  and t h e  
magnitude of i t s  magnetic f i e l d .  Very l i k e l y  t h e  

inst ruments  would be measuring t h e  i n t e r a c t i o n  of 
t h e  s a t e l l i t e  w i t h  t h e  o u t e r  reg ions  of t h e  r a d i a t i o n  

b e l t s ,  r a t h e r  t h a n  t h e  b e l t s  themselves. The l a t t e r  

in format ion  would of course ,  be  of g r e a t  i n t e r e s t ,  
b u t  on ly  a f t e r  a  thorough p h y s i c a l  unders tanding of 
t h e  b e l t s  had a l r eady  been obtained.  

S p a t i a l  and temporal measurements of p a r t i c l e  d e n s i t i e s  
and f i e l d  s t r e n g t h s  i n  t h e  v i c i n i t y  of t h e  J u p i t e r  would be  b e t t e r  
made us ing  e i t h e r  a  s p a c e c r a f t  i n  a  h ighly  e l l i p t i c a l  o r b i t  i n  t h e  

p lane  of t h e  Jovian  magnetic equator  o r  a s e r i e s  of Pioneer-type 

f l y -  by m i s s  ions .  

I I T  R E S E A R C H  I N S T I T U T E  
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3 .  TRAJECTORY AND PAYLOAD ANALYSIS 

The o b j e c t i v e  of t h i s  s e c t i o n  i s  t o  d e f i n e  t h e  propuls ion  

systems r equ i red  t o  land  a u s e f u l  payload of 1000 l b s ,  on each of 

t h e  Ga l i l ean  s a t e l l i t e s .  I n  t h i s  con tex t ,  u s e f u l  payload i s  no t  
t h e  t o t a l  landed weight  b u t  only t h e  weight  of t h e  s c i e n t i f i c  

ins t rument  package and support  equipment. The t o t a l  landed weight 

inc ludes  t h e  landing  gear ,  descent  p ropu l s ion  system and t e rmina l  
guidance e l e c t r o n i c s ,  and must be s c a l e d  f o r  each p a r t i c u l a r  

s a t e l l i t e .  

A comparison of t h e  va r ious  types  of advanced propuls ion  
systems which have been proposed has been made on t h e  b a s i s  of 
t h e  f l i g h t  t i m e  necessary  t o  complete t h e  mission,  To f a c i l i t a t e  

t h e  comparison t h e  s o f t - l a n d e r  mission has been d iv ided  i n t o  f o u r  

phases:  
1. Departure from Ear th .  
2 ,  I n t e r p l a n e t a r y  (Earth- J u p i t e r )  t r a n s f e r .  

3,  Braking maneuver f o r  g r a v i t a t i o n a l  c a p t u r e  by the 
s a t e l l i t e .  

4 ,  Terminal descent  t o  the s u r f a c e  of t h e  s a t e l l i t e .  

h schematic r e p r e s e n t a t i o n  of t h e  f o u r  miss ion  phases i s  shown 
i n  F igure  2 .  

The d i f f e r e n t  types  of propuls ion  systems s t u d i e d  were 
chemical  high t h r u s t  ( s o l i d ,  space - s to rab le  and cryogenic) ,  low 
t h r u s t  ( n u c l e a r - e l e c t r i c  and s o l a r - e l e c t r i c )  and nuc lea r  high 

t h r u s t ,  A l l  t h e s e  types  of propuls ion  systems a r e  n o t  a p p l i c a b l e  
t o  a11 f o u r  of t h e  mission phases.  Consequently each mission phaae 
i s  descr ibed  i n d i v i d u a l l y  w i t h  t h e  a p p r o p r i a t e  propuleion system, 
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FIGURE 2 . MISSION PHASE REPRESENTATION (NOT TO SCALE)! 

I . )  EARTH LAUNCH 
2.)  INTERPLANETARY TRANSFER 

3.) CAPTURE RETRO MANEUVER 

4,) TERMINAL DESCENT MANEUVER 



Various mul t i - s tage  chemical launch v e h i c l e  systems were 

s tud ied  f o r  t h e  launch phase of t h e  mission. These ranged from 

t h e  seven-segment T i t a n  up t o  t h e  Saturn V/Centaur. Data f o r  

these  veh ic les  were obtained from t h e  Launch Vehicle Est imating 

Factors  Handbook (1969). 

For t h e  Ear th - Jup i t e r  t r a n s f e r  phase b a l l i s t i c  f l i g h t  mode 
da ta  a r e  given i n  Table V. The launch energies  and approach 

v e l o c i t i e s  a r e  averaged over any per iod  encompassing eleven 
success ive  launch oppor tun i t i e s .  The da ta  a r e  somewhat o p t i m i s t i c  

s i n c e  it i s  assumed t h a t  t h e  spacec ra f t  would be  launched a t  t h e  
optimum t i m e  i n  any given launch opportuni ty.  

I n  t h e  case  of t h e  low t h r u s t  f l i g h t  mode two propuls ion  
systems were considered, s o l a r - e l e c t r i c  and n u c l e a r - e l e c t r i c  , The 
c h a r a c t e r i s t i c s  of t h e  s o l a r - e l e c t r i c  propulsion system which have 

been adopted here were taken from Horsewood (1969). These 

c h a r a c t e r i s t i c s  a r e  l i s t e d  i n  Table V I ,  Note t h a t  ranges i n  t h e  

va lues  of t h e  design parameters a r e  given corresponding t o  ranges 
of f l i g h t  time f o r  each launch v e h i c l e  considered. Within these 
ranges,  t h e  i n i t i a l  spacec ra f t  weight necessary t o  land a 1000 l b ,  
package on each s a t e l l i t e  was determined, From these  i n i t i a l  

spacec ra f t  weights t he  necessary f l i g h t  times were then  determined. 
If t h e  Ti tan  3FICentaur launch v e h i c l e  i s  used t h e  f n t e r p l a a e t a r y  
t r a j e c t o r y  i s  i n d i r e c t  i , e ,  t h e  spacec ra f t  makes more than one 
r evo lu t ion  around the  Sun before  encountering Juptter, 

In t h e  case  of  t h e  nuclear-exes Eric propulsion system 
c e r t a i n  assumptions have been mads whfeh are l i s ted %as Table V%X, 
These da ta  on nuclear-electric s p a c e c r a f t  (mS) performance 
requlrementg have been used $0 determine f l i g h t  time8 t o  a l l  four  
of t h e  Ga l i l ean  s a t e l l i t e s ,  The ~ S I A  has standard Eer tb  escape 
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TABLE V 

TYPICAL BALLISTIC FLIGHT MODE EARTH-JUPITER TRANSFER DATA 

LAUMCH ENERGY I FLIGHT 1 
TIME ---.- - -- - ---- --- 

I 

I (days) V c (ft/sec) C3 (km2/sec2) 
i _ _- __-I- .-- - - I (km/secL-."-_ -- 

I--- - 
I I 

1 IT  R E S E A R C H  I N S T I T U T E  
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TABLE V I  

CHARACTERISTICS FOR SOLAR-ELECTRIC LOW THRUST FLIGHT MODE 

I I 

Launch Vehicle 1 T i t a n  3 ~ /  Centaur ' s I C / S I V B / C ~ ~ ~ ~ U ~  I 
I 

' SIC I n i t i a l  Weight, l b s .  8787 - < Wo - < 9111 15,964 < Wo 5 19,756 - 

DESIGN PARAMETER i 

1 - - I 4696 < Wpp e 8911 Powerplant Weight, l b s .  3132 < Wpp < 3454 , - - 
1 Prope l l an t  Weight, l b s . .  ' 3100 -.I < Wprop .- < 3408 < 6980 
I I 2888 5..Wprop - 

I I 

I 

I 

/ Tankage & S t r u c t u r e  
Weight, l b s  , 1 93 - c Wt - < 101 

1 Propulsion System 
Spec i f i c  Mass, 
kg/kwe 

Power a t  1 ,A,IJ ,  ,kwe 

T o t a l  F l i g h t  Time, 
days 500 < TF I e 1800 600 - < TF j 1200 

- ==-- 1 

I l l  R E S E A R C H  I N S T I T U T E  
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TABLE V I I  

ASSUMPTIONS FOR NUCLEAR-ELECTRIC LOW THRUST FLIGHT MODE 

Conceptual Nuclear-Electric Spacecraft  (NES) 
I---- I 

1 DESIGN PARAMETER 1 NES-A NES - B 
I 1 
; Launch Vehicle 

' S t a r t i n g  Condition 

/ Ti t an  3F/Centaur T i t an  3F 1 
I I 

Ear th  Escape 300 n.m,Earth 
I 

Orbi t  
I 

Power 100 kwe 200 kwe 
1 

Total  S / C  \!eight 17,000 l b s ,  35,000 l b s ,  i 
10,800 lbs .  

I 
Powerplant 7,200 lbs .  

! 

Tankage (5% Wpmax) 300 l b s .  1 1 ,0001bs .  

Guidance and Control 500 Ibs ,  500 bbs. 

Powerplant Weight, W = 3600 + aP where 
PP 

a = 36 lbs/kwe 

P = Exhaust power, kwe 

Powerplant Includes Reactor, Shield,  Radiator,  Power Conditioning 

Thrustors and St ructure .  

Tota l  Power Eff iciency,  7 ,  var ied  wi th  veh ic le  design and 

performance index, 3 ,  between .the l im i t s :  

I I T  R E S E A R C H  I N S T I T U T E  
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i n i t i a l  cond i t ions ,  whereas t h e  NES-B u t i l i z e s  a s p i r a l  E a r t h  

escape phase. Both NES v e h i c l e s ,  however, make a s p i r a l  approach 
t o  t h e  o r b i t  of t h e  s a t e l l i t e  p r i o r  t o  t h e  cap tu re  r e t r o  maneuver, 

D e t a i l s  of t h e  propuls ion  systems appropr i a t e  f o r  t h e  
r equ i red  brak ing  maneuver a r e  l i s t e d  i n  Table VIII, 

Boundary cond i t ions  f o r  a l l  ca ses  were an  i n i t i a l  
d e c e l e r a t i o n  of approximately one E a r t h  g rav i ty ,  t o g e t h e r  w i t h  a 
f i n a l  v e l o c i t y  of 250 m/sec d i r e c t l y  towards t h e  c e n t e r  of t h e  

s a t e l l i t e .  
The mass f r a c t i o n  f o r  a l l  cases  inc ludes  l o s s e s  f o r  f i n i t e  

burning t ime, The s t a g e  i n e r t  weights  were obtained from t h e  
Launch Vehicle Es t imat ing  Fac to r s  Handbook (1969) f o r  t h e  s o l i d  
and space - s to rab le  chemical cases ,  and from Chadwick (1968) f o r  
t h e  cryogenic case .  A powerplant weight of 3500 l b s .  was assumed 
f o r  t h e  nuc lea r  rocke t  case ,  i nc lud ing  10% p r o p e l l a n t  weight f o r  
tankage and plumbing and 8% p r o p e l l a n t  weight f o r  i n s u l a t i o n  and 
p r o p e l l a n t  l o s s e s ,  

3 , 4  Terminal Descent Maneuver 

For t h e  t e rmina l  descent  maneuver a v a r i a b l e  thrust chemical 

propuls ion  system was assumed w i t h  a t h r o t t l e  r a t i o  -5, The pro- 
p e l l a n t  was Earth-storable N204 .- Aarozine 50 with en Isp of 310 sees. 
The i n i t i a l  condf t ion  was taken  t o  be a 250 m/eac rad$al  descent  
towards t h e  s u r f a c e ,  The equat ion  used t o  c a l c u l a t e  t h e  t o t a l  
landed weight WL, from t h e  t o t a l  u s e f u l  s c i e n t i f i c  payload, WpL, 

was: 

WpL + 50 

I I T  R E S E A R C H  I N S T I T U T E  
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TABLE VIII 

SPACECRAFT SYSTEMS APPROPRIATE FOR RETRO MANEWER 

Propuls ion  System R e s t a r t a b l e  Pump f e d  200 MW I S o l i d  
P res su re  I Nuclear Motor 
Fed Reactor 

P r o p e l l a n t  Space- F ~ - H 2  Hydrogen S o l i d  
S t o r a b l e  
OF2- B2H6 

I 

Prope l l an t  
Propuls ion/Sys t e m  

P rope l l an t ,  
ISP 

385 
( s s c s )  

/ Chemical 
Chemical Cryogenic Nuclear (Sol id)  , 

I 

, I 

Number of S tages  Two C a l l i s t o -  One One 
One 

l o -  I 

Eurapa - Two 
Ganymsde - I 
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W where R = I , /Wo = exp ( - A V / ~  I ) i s  t h e  c h a r a c t e r i s t i c  mass r a t i o ,  
SP 

g s a t  and g ~ o o n  a r e  t h e  s u r f a c e  g r a v i t i e s  of t h e  s a t e l l i t e  and t h e  

Moon, r e s p e c t i v e l y ,  and 50 l b s ,  has been inc luded  f o r  an a l t i t u d e 1  

v e l o c i t y  c o n t r o l  u n i t .  
Useful  payload is def ined ,  a s  b e f o r e ,  a s  t h e  weight  of 

t h e  s c i e n t i f i c  ins t rument  package w i t h  i t s  suppor t  equipment, 
wh i l e  t o t a l  l anded  weight  i nc ludes  t h e  l and ing  gear ,  de scen t  

powerplant and t e r m i n a l  guidance u n i t .  For  t h e  p r e s e n t  s tudy ,  

u s e f u l  payload was t aken  t o  be  c o n s t a n t  a t  1000 l b s , ,  and t h e  

t o t a l  landed weight  was c a l c u l a t e d  f o r  each  s a t e l l i t e  acco rd ing ly ,  

The landed weights  range from 1430 l b s .  a t  C a l l i s t o  t o  1594 Zbs, 

a t  10, r e f l e c t i n g  t h e  dominating i n f l u e n c e  of t h e  g r a v i t a t i o n a l  
f i e l d  of J u p i t e r  over  t h a t  of t h e  s a t e l l i t e .  

The above e q u a t i o n  was de r ived  fo l lowing  expe r i ence  gained 
i n  s o f t - l a n d i n g  Surveyor s p a c e c r a f t  on t h e  Moon. 

Table  TX l i s t s  t h e  va r ious  f l i g h t  mode/propulsisn systems 

which were cons idered .  The f i r s t  t h r e e  combinations f i s t e d  u t i l i z e  
a b a l l i s t i c  I n t e r p l a n e t a r y  t r a n s f e r ,  The combination l abe led  

"S to rab le  Retro" has a two-stage s p a c e - s t o r a b l e  chemical  r e t r o  

maneuver, The nex t  com%ination, l a b e l e d  "Cryogenic Retro", has 
a s i n g l e - s t a g e  chemical  cryogenic  r e t r o  a t  C a l l i s t r o  and two -s tage  

r e t r o  a t  the  o the r  t h r e e  s a t e l l i t e s .  The combination "Nucfeer 
!<e t rorhuses  a n u c l e a r  rocke t  r e t r o  maneuver. The l e s t  two 
eom?~ina t i sns  have low- thrus t  i n t e r p l a n e t a r y  t r a n e f e r e ,  The f i r s t ,  
I sbe led  'JSE t5 S t o r a b l e  ~ e t r e ' "  combines so lar -e lec t r ic  low- thrus t  
w i c h  a two-stage s p a c e - s t o r a b l e  chemical  r e t ro ,  The % g e t  
combFmatisn, l abe l ed  "l?E & So"ld Retrou,  eembi~rss nue lear-sksc %ri@ 

low- t h r u s t  w i t h  a s i n g l e - s t a g e  ctramEca1 s o l i d  rstro, 891  
combinations use a multf-stage shemieel Seunek eystsw and a varLab%e 
t h r u s e  earth-stsreble ei~em%ca$ descent eeage, 



TABLE I X  

MISSION PHASE-FLIGHT MODE/PROPULSION SYSTEM COMBINATIONS 

S t o r a b l e  Retro 

Cryogenic Retro 

Nuclear Ret ro  

SE & S t o r a b l e  Ret ro  

NE & S o l i d  Retro 

Low Thrust  

Termina 1 
Descent 

Var iab le  
Thrus t  
Chemical 

Var iab le  
Thrus t  
Chemical 

I 

Variab le  
Thrust 
Chemical 

I Variab le  
' Thrus t  
1 Chemical 



Note t h a t  a l l  p o s s i b l e  combinations were not  considered.  

Some, such as  nuclear  r e t r o  a top  n u c l e a r - e l e c t r i c  low-thrust ,  
were unnecessar i ly  powerful. Others, such a s  cryogenic r e t r o  
a top  s o l a r - e l e c t r i c  low-thrust ,  were unnecessar i ly  complex 
u t i l i z i n g  a mixture of advanced technologies ,  

Figures  3, 4, 5, 6 and 7 ,  wi th  t h e  proper combination 
l a b e l  a t  t h e  top, i n d i c a t e  t h e  f l i g h t  t i m e  requirements t o  each 

s a t e l l i t e  using a v a r i e t y  of launch veh ic les .  
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STORABLE RETRO 
1 6001- -- , 

I S A T U R N  V - C E N T A U R  I 
SATURN'V 

S I C *  SIVB * C E N T A U R  

FIGURE 3. BALLISTIC FLIGHT TIME REQUIREMENTS $8 LAMB 1000 LBS. 
PAYLOADS ON THE MOONS OF J1)PI"PE USING A "$0-STAGE 
CI-IEMICAL ROCKET CAPTURE PHASE, 



CRYOGENIC RETRO 
1600 I-- 1 

SATURN V -CENTAUR 

SATURN V 

SIC SIVB - CENTAUR 

FIGURE 4, BALLISTIC FLIGHT "$ME REQUIREMENTS "B LAND 1000 
LBSp PAYLOAD OM WE MOONS OF J U P I K E  USING A 
CRYOGENIC CHEMICAL R O C K E T  CAPTURE PHASE ( TWO- 
STAGE FOR IO, EURQPA, GANYMEBE, SINGLE-STAGE FOR 
CALLISTO 1. 



EUROPA 

NUCLEAR RETRO 

GANYMEDE 

FIGURE 5 .  BALLISTIC FLIGHT TIME REQUIREMENTS TO LAND 
1000 LBS. PAYLOAD ON THE MOONS OF JUPITER 
USING A NUCLEAR ROCKET CAPTURE PHASE. 

-4 

1600- 

1406- 

SATURN V-CENTAUR 

SATURN V 

SIC-SIVB-CENTAUR 



SE -I- STORABLE RATIO 

FIGURE 6. SOLAR-ELECTRIC LOW THRUST FLIGHT TIME REQUIREMENTS 
TO LAND 1000 LBS. PAYLOAD ON THE MOONS OF JUPITER 
USING A TWO-STAGE CHEMICAL ROCKET CAPTURE PHASE. 



NE t S O L I D  RETRO 
1600 -- - - - - - - -  --  -- - 

TITAN 3F-CENTAUR-NES-A -1 
TITAN 3F.  NES-B 

GANY MEDE CALLISTO 

FIGURE 7. NUCLEAR -ELEC"PlC LOW TWRUS"$FlSWT TIME REQUIREMENTS 
TO LAND 1888 LBS, PAYLOAD ON WE MOONIS OF JUPITER 
USING A SOLID CHEMICAL ROCKET CAPTURE PHASE, 



The major o b j e c t i v e s  f o r  so f t - l and ing  s p a c e c r a f t  on t h e  

G a l i l e a n  s a t e l l i t e s  would be: 
1. To s tudy  them a s  i n d i v i d u a l  and d i s t i n c t  p l a n e t a r y  

bodies .  

2. To o b t a i n  da ta  e s s e n t i a l  f o r  t h e  s tudy  of b o t h  t h e  

mode of format ion of t h e  sma l l e r  p l a n e t a r y  bodies  
i n  t h e  s o l a r  system, and t h e  o r i g i n  of s a t e l l i t e  

systems. 
3. To compare t h e  phys ica l  p r o p e r t i e s  of t h e  s a t e l l i t e s  

w i t h  those  of t h e  sma l l e r  p l a n e t s  t o  develop a  l i n k  

between s t u d i e s  of t h e  Inne r  and Outer p l a n e t a r y  

groups. 

A secondary o b j e c t i v e  would be t o  use t h e  s a t e l l i t e s  a s  bases  f o r  

t h e  remote observa t ion  of t h e  Jovian  c loud  l a y e r .  Advantages of 
such bases  would be: 

1. The s t a b i l i t y  of t h e  observa t ion  plat form.  

2 ,  The proximity t o  t h e  p l a n e t ,  

3 .  The expected long l i f e t i m e  of t h e  e l e c t r o n i c  
components of t h e  remote sens ing  ins t ruments ,  s i n c e  
a l l  f o u r  of t h e  s a t e l l i t e s  revolve w e l l  o u t s i d e  t h e  
most i n t e n s e  regions of t h e  Jovian r a d i a t i o n  b e l t s ,  

The f l i g h t  t i m e  requirements f o r  t h e  so f t - l and ing  of a 
1880 l b .  u s e f u l  payload on each of t h e  Ga l i l ean  s a t e l l i t e s  by 
u t i l i z a t i o n  of a l l  f i v e  f l i g h t  mode/propulsion system combinations 
a r e  summarized i n  F igure  8,  

S t o r a b l e  Retro: Missions using space - s to rab le  chemical p ropu l s ion  
f o r  t h e  r e t r s  maneuver a r e  csmeeptually poss ible  f o r  Europe, 
Ganymede and C a l f i s t o  w i t h  intermediate Sa turn  and Sa turn  V launch 
v e h i c l e s ,  w i t h  f l i g h t  t imes s f  around 2 years ,  It should be 
poin ted  out  t h a t  t h e  requirements of d i r e c t  approach t o  the  
s a t e l l i t e  and l a r g e  BV tws-stage r e t r s  maneuvers r a i s e  s e r i o u s  
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s ~ @ A @ ~ E  CRYOOEN IC N UCLEAR 
RETRB WETWB 88 + 

RETRO 
RETRB 

P!I :D STORABLE RETRO 

FIGURE 8. SUMMARY COMPARISONS OF FLIGHT VlME REQUIR%MENTS 
F"QR LANDING 1000 LBS, PAYCOW OM THE SALlbEAN MOONS 
OF JUPITER USING VARIOUS PROPULSION SYSTEMS. 



ques t ions  concerning t h e  f e a s i b i l i t y  and p r a c t i c a l i t y  of the 

chemical miss i o n  mode. 

U t i l i z a t i o n  of a cryogenic  propuls ion  system f o r  

t h e  r e t r o  maneuver permi ts  t h e  p o s s i b i l i t y  of an 10 mission w i t h  

a Sa tu rn  V launch v e h i c l e  and reduces t h e  r e t r o  maneuver a t  
C a l l i s t o  t o  a s i n g l e  s t a g e .  F l i g h t  t i m e  requirements va ry  compared 

t o  a space-s torab le  chemical  propuls ion  system depending on t h e  

launch v e h i c l e  and t h e  number of r e t r o  s t a g e s  r equ i red .  The 
r e s e r v a t i o n s  noted above s t i l l  apply.  I n  a d d i t i o n  t h e  problem 

of s t o r i n g  t h e  cryogenic p r o p e l l a n t  i n  space  f o r  about 2 yea r s  

must be considered.  

Nuclear Retro*: A nuc lea r  rocke t  r e t r o  maneuver reduces t h e  launch -- 
v e h i c l e  requirements of t h e  chemical propuls ion  lander  missions i n  
t h e  c a s e  of Ganymede. The f l i g h t  t i m e  i s  about t h e  same and I o  
l ande r s  a r e  included.  The most s e r i o u s  f e a s i b i l i t y  ques t ions  of t h i s  
combination a r e  t h e  developmcnt of a smal l  nuc lea r  rocke t  s t a g e  and 

a guaranteed space hybernat ion pe r iod  of about 2 years .  

SE & S t o r a b l e  Retro:  S o l a r - e l e c t r i c  low t h r u s t  f l i g h t  modes a r e  

p o s s i b l e  (excluding 10) us ing  t h e  in te rmedia te  Sa tu rn  launch v e h l c l e ,  
F l i g h t  times a r e  comparable t o  t h e  chemical and nuc lear  f l i g h t  f o r  

Ganymede and C a l l i s t o ,  but somewhat longer  f o r  Europa. The use of 

t h e  T i t a n  3F Cenkaur launch v e h i c l e  was a l s o  i n v e s t i g a t e d ,  b u t  only 
C a l l i s t o  missions were found t o  be p o s s i b l e ,  and then  only  w i t h  a 

f l i g h t  t i m e  g r e a t e r  than  4 yea r s .  F e a s i b i l i t y  questkons aga in  
a r i s e  concerning d i r e c t  s a t e l l i t e  approach, two-stage r e t r o  maneuvers, 
and development of t h e  low t h r u s t  s t age ,  

NE ti S o l i d  Ret ro :  Nuc lea r -e l ec t r i c  low t h r u s t  f l i g h t  modes give 
somewhat longer  f l i g h t  t imes of 2 . 5  t o  3.5 years, There a r e  a 
number of advantages t o  $h i e  f l i g h t  mode inc lud ing  emal l  TBtan 3F 
launch v e h i c l e s ,  s p i r a l  approach t o  the o r b i t  o f  the e a t e l l i t @ ,  
and a s i n g l e  s t a g e  retro-maneuver, The p r imary  f e e s i b i f  i t y  quest ions 
c e n t e r  on t h e  development of the  low-thrust  s t age ,  
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It i s  concluded t h a t  whi le  each f l i g h t  mode/propulsion 

s y s  tem combinat i o n  is  conceptua l ly  capable  of landing  1000 l b s  . 
u s e f u l  payload on a  Ga l i l ean  s a t e l l i t e ,  each combination a l s o  

r a i s e s  technologica l  ques t ions  which a r e  unanswered a t  t h i s  t i m e .  

Fu r the r  a n a l y s i s  i s  necessary  t o  eva lua te  t h e  r e l a t i v e  c o s t s  and 

d i f f i c u l t i e s  of developing two-stage chemical  r e t r o  s t a g e s  versus  

s i n g l e  nuc lear  r e t r o  s t a g e s  versus  low-thrust  p ropuls ion  systems. 

The r e s u l t s  given here  have a l s o  only  cons idered  d i r e c t  s a t e l l i t e  

approaches t o  landing.  Opera t iona l ly ,  it would probably be more 

advantageous t o  land  from an  o r b i t  about t h e  s a t e l l i t e ,  a l lowing 

t i m e  f o r  a  s u r f a c e  survey from o r b i t  t o  s e l e c t  a  f avorab le  landing  

s i t e .  The performance t r a d e - o f f s  between d i r e c t  and ou t -o f -o rb i t  

l anding  maneuvers should be s t u d i e d .  F i n a l l y ,  a l l  t h e  major 

s a t e l l i t e s  of t h e  o u t e r  p l a n e t s  should be cons idered  f o r  p o t e n t i a l  

s o f t - l a n d e r  missions b e f o r e  a  p l an  f o r  s a t e l l i t e  e x p l o r a t i o n  is  
formulated.  
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